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Abstract

In the first stage of the PUCS/Climate-fit.city project,
end-users (included as partners) and climate service
providers are involved in the co-design of six concrete
sectoral cases of an urban climate service: Climate &
Health, Building Energy, Emergency Planning, Urban
Planning, Active Mobility, and Cultural Heritage.
The present deliverable describes (i) the process of codevelopment and co-design between climate data
providers, service providers (purveyors) and end-users
and (ii) the outcome of this process, i.e. the co-
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designed sectoral services.
The description of the development process of the
services includes the insights gained during the codesign and development phases as well as the
implementation choices made during the process. The
co-designed sectoral services are described with
respect to the climate and non-climate input data
required, the methods applied to translate the input
data into service output and the characteristics and
features of the service output.
In addition, lessons learnt from the co-design process
are highlighted together with common facts and
characteristics across the sectoral cases.
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RCP

Representative Concentration Pathway

ECMWF

European Centre for Medium-Range Weather Forecasts

GAM

Generalized Additive Model

GCV

Generalized Cross Validation

HR

High resolution

IDA-ICE

A particular building simulation tool for studying thermal indoor climate as
well as the energy consumption of the entire building

KSI

Kolmogorov-Smirnov test index

MR

Medium resolution

TMY

Typical Meteorological Year

UrbClim

VITO’s urban climate model

WEDDA

Weather Driven Demand Analysis
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In the first stage of the PUCS/Climate-fit.city project, end-users (included as partners) and
climate service providers are involved in the co-design of six concrete sectoral cases of an
urban climate service: Climate & Health, Building Energy, Emergency Planning, Urban
Planning, Active Mobility, and Cultural Heritage. These sectoral cases are to be implemented
in Barcelona, Bern, Antwerp, Prague/Ostrava/Hodonín, Vienna, and Rome.
Each case usually involves a climate data provider, a service provider (purveyor) and a userpartner. Due to the involvement of end-users as full partners it is ensured that actual user
requirements are considered in the course of service development and implementation. The
present deliverable describes (i) the process of co-development and co-design between
climate data providers, service providers (purveyors) and user-partners and (ii) the outcome
of this process, i.e. the co-designed sectoral services.
Interactions between the three types of actors (climate data providers, service providers,
user-partners) started very early, i.e. in the proposal phase of the project, and were of
iterative nature. In several interaction and feedback loops, the services were conceptualized,
presented, assessed, validated, and refined. Forms of interactions included workshops,
interviews, virtual and physical meetings as well as data exchange. Data did not only flow
from data/service providers to intermediary-/end-users, but also the other way around. That
is, service users provided important input data for the development and provision of the codesigned services, which formed one aspect of the tailoring of the services to the specific
users. The following sectoral services resulted from the co-design process:

Sectoral Case: Climate & Health (Barcelona)
The purpose of the climate and health co-designed service for the city of Barcelona is to
assess heat-related mortality risks. The co-design and development of the service involved
the interaction between climate data provider VITO, service purveyor ISGlobal and final enduser ASPB through exchange of data, consideration/discussion of the methodology of the
service and validation and evaluation of the results obtained. In addition, the needs of
further stakeholders were collected by means of a workshop and interviews. The service
combines high-resolution temperature data with geo-referenced mortality and sociodemographic datasets. It will include (i) the description of human vulnerability to heat in the
different parts of the city, (ii) the analysis of vulnerability inequalities and differences
associated with factors such as age, sex, socioeconomic level or the built environment, (iii)
the study of changes in vulnerability during recent decades, and (iv) the provision of fit-forpurpose information for the development of future adaptation measures. The output
provided by the co-designed service will include a comprehensive assessment report for the
last decades as well as future projections under climate change scenarios and web-based
interactive maps of vulnerability to heat at the neighbourhood level, with information
available for the 73 neighbourhoods of the city.

Sectoral Case: Building Energy (Bern, Vienna)
The purpose of the building energy co-designed service is to provide building design
engineers with more accurate and adequate meteo data for simulating buildings located in
cities. The objective is to construct/refurbish buildings with better indoor quality and less
energy demand. The co-design and development of the service involved the interactions
between climate data provider VITO, service purveyor Meteotest and user-partner INES
through exchange of data, consideration/discussion of the methodology of the service and
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validation and evaluation of the results obtained. In addition, the needs of further
stakeholders were collected by means of a workshop. For the building energy service,
Meteotest enhances its Meteonorm software and web service to account for urban climate
conditions, in particular the urban heat island effect, using output fields from VITO’s UrbClim
model. The output of the co-designed service entails stochastically generated time series of
a Typical Meteorological Year (TMY), as well as extreme (hot/cold) years, both for the
current situation and under future climate conditions. User-partner INES will employ
urbanized Meteonorm data for Bern and Vienna to simulate building cooling and heating
loads and thermal comfort levels using the IDA-ICE building simulation tool. The results are
compared to simulations based on standard TMYs.

Sectoral Case: Emergency Planning (Antwerp)
The purpose of the co-designed emergency planning service is to support emergency
decision making during disasters related to extreme rainfall and pluvial floods by objective
data, including knowledge about future climate trends. The co-design and development of
the service involved the interaction between climate data and service provider KU Leuven
and the City of Antwerp as user-partner through exchange of data and information as well
as validation and evaluation of the results obtained. The needs and feedback of local
stakeholders were collected by means of two workshops – one of them particularly
dedicated to co-design – as well as interviews. Based on the identified needs related to “city
emergency planning in a changing climate”, the co-designed emergency planning service for
the city of Antwerp will deliver: (1) pluvial flood maps showing changes in the frequency of
extreme rain storms and pluvial floods, and related changes in the pluvial flood risk areas,
(2) quantified impacts on the disaster emergency planning, and (3) revised emergency
planning including revised traffic routes depending on the inundated areas. The final goal is
to obtain a climate-proof emergency plan for extreme rainfall and pluvial flood-related
disasters.

Sectoral Case: Urban Planning (Prague/Ostrava/Hodonín)
The sectoral service on urban planning aims to bring the following information to urban
planners and city administrations: (i) how the structure and development of urban areas
influence a city’s climate conditions, and (ii) how reasonable and environmentally-friendly
urban planning decisions can mitigate heat stress. The co-design and development of the
service involved the interaction between climate data provider VITO, service provider GISAT,
and user-partner IURS through exchange of data, information and needs as well as
discussions on exchange formats. The needs of local stakeholders were collected by means
of a workshop, with continued interactions via e-mail afterwards. Besides high-resolution
climate data, the main input for the urban planning service is land use or land cover
information. The co-designed service will provide the (city-)users with an interactive
analytical web tool, which is an online platform for visualisation and interactive analysis of
geospatial data. It will allow users to interactively model the impacts of various urban
planning decisions and strategies on the future climate of the city. The service will be
demonstrated on two main levels of geographical detail: (i) on the city level and (ii) on the
sub-city or neighbourhood level (for selected areas).

Sectoral Case: Active Mobility (Vienna)
The active mobility climate service aims at providing information on the weather and climate
sensitivity of a city’s bicycle traffic and a city’s current and future climate attractiveness
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towards cycling, including spatial and temporal variations. This information allows identifying
regions or routes that are, for example, particularly exposed to heat or wind now and/or in
future and hence show a need for special adaptation measures (e.g. shading, greening,
water dispensers, etc.) in order to improve the climate resilience of cycling in cities. The codesign and development of the service involved the interaction between climate data
provider VITO, service provider JR, and user-partner Bike Citizens through exchange of data
and information, discussion of exchange formats and validation and evaluation of the results
obtained. In addition, the needs of further stakeholders were collected by means of a
workshop. The service combines high-resolution climate data with geo-referenced datasets
on bicycle traffic. The output provided by the co-designed service will include a
comprehensive report with maps and concrete figures on the effects of meteorological
conditions on bicycle traffic and an assessment of the city’s climate attractiveness towards
cycling now and in future. In addition, selected data and information is planned to be
integrated into Bike Citizens’ Analytics tool.

Sectoral Case: Cultural Heritage (Rome)
The co-designed cultural heritage service aims at helping the stakeholders to take measures
in order to prevent emergency situations by e.g. changes in tourism flows, provision of
water and shade for queues, and to plan climate impact adaptation actions. The co-design
and development of the service involved the interaction between climate data and service
provider VITO, climate service provider KU Leuven, user-partner SSBAR and the projectexternal data provider ARPA Lazio through exchange of data and information as well as
discussions on service design and exchange formats. The needs of local stakeholders were
collected by means of a workshop. The focal point of the service is the development of an
online web platform (hosted by SSBAR) that shows for selected touristic sites detailed
information about the expected heat stress, air quality, weather and pollen situation for the
next few days, based on an existing forecast system for Rome (run by ARPA Lazio). For this
purpose, a historic data base with very high resolution heat stress, air quality, weather and
pollen maps is set up by VITO, to which the forecast data are linked, selecting the historic
moment that most resembles the expected conditions. Furthermore, this historic data base
will be used as a reference data set to compare future climate scenarios (2030, 2050)
against.
The co-designed services described in this deliverable form the basis for the demonstration
phase, starting with June 2018. Each of the co-designed sectoral services will be
demonstrated to the local stakeholder community. These demonstration activities will
provide valuable input for WP3 (Service evaluation), WP6 (Socioeconomic impact
assessment), and WP7 (Dissemination and marketing), which will extend the demonstration
of the sectoral service to a much broader (European) group of stakeholders.
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This document is developed as part of the PUCS (Pan-European Climate Service) project,
which has received funding from the European Union’s Horizon 2020 Research and
Innovation programme, under the Grant Agreement number 730004 1 . For marketing
purposes, the project name has been changed to “Climate-fit.city” for internal usage and
communication to end-users and stakeholders. The “Description of the Co-Designed
Services” represents Deliverable 2.2 of Work Package 2 (WP2) – Service demonstration.
Urban areas are very vulnerable to climate change impacts, because of the high
concentration of people, infrastructure, and economic activity, but also because cities tend
to exacerbate climate extremes such as heat waves and flash floods. The objective of
Climate-fit.city is to establish a service that translates the best available scientific urban
climate data into relevant information for public and private end-users operating in cities.
This will be achieved by demonstrating the benefits of urban climate information to endusers, considering the sectors of health, energy, emergency planning, urban planning,
mobility, and cultural heritage. The established service will be communicated under the
name of Climate-fit.city.
In the first stage of the project, end-users (included as partners) and climate service
providers are involved in the co-design and co-development of six concrete sectoral cases,
to be implemented in Barcelona, Bern, Antwerp, Prague/Ostrava/Hodonín, Vienna, and
Rome. The present deliverable describes these processes of co-development and co-design
between climate data providers, service providers (purveyors) and end-users along with the
outcomes of these processes, i.e. the co-designed sectoral services.
Co-design is a practice that allows the users themselves to become an active part of product
and service development. With users being experts of their own experiences, the concept of
co-design is based on the idea that they can contribute different points of view to product
design and innovation. This way, the product or service can be shaped to best serve the
users’ actual needs. Such a practice seems particularly important for the development and
design of climate services. As stated in the EC’s roadmap for climate services (2015, p.9),
many gaps particularly exist “[…] in tailoring the available and newly produced [climate]
information to the users’ needs and bridging demand and supply”. The practice of co-design
and co-development can help to reduce these gaps. Christel et al. (2018, p.111), for
instance, conclude that involving users in co-designing their climate services prototype “[…]

helped to improve the usability of climate predictions, tailor climate information to answer
actual needs of users, better communicate uncertainty, and bridge the gap between stateof-the-art climate predictions and users’ readiness to apply this novel information.” Hence,
collaborating with potential users in the design process of a climate service is expected to
significantly improve its likelihood of being actually used.
The present deliverable is structured as follows: Chapters 2 to 7 each address one of the six
sectoral cases. They start with a short description of the purpose of the respective codesigned service, including the questions the service is supposed to answer and the kind of
decision-making it is supposed to support. What follows for each sectoral case is the
documentation of the co-design and development process, both between climate data
provider and purveyor and between purveyor and user. This documentation covers any

1

SC5-01-2016-2017: Exploiting the added value of climate services – a) Demonstration of climate
services (2016 – Innovation Action – IA)

10

additional insights gained during the co-design and development phase as well as the
implementation choices made during the process. The co-designed sectoral service itself is
described with respect to the required climate and non-climate input data, the methods
applied to translate the input data into service output, the characteristics and features of the
service output and the planned implementation and integration into the user partner’s tools,
operations or workflows. Chapters 2 to 7 conclude with a comparison of the user and
stakeholder needs identified in the Climate-fit.city deliverable D2.1 (“Stakeholder Mapping
Report”) and the needs finally addressed by the co-designed sectoral service. Chapter 8
provides concluding remarks on the lessons learnt from the co-design processes and
summarizes facts and characteristics common across the sectoral cases.
In regard to the sectoral service case Cultural Heritage, the Climate-fit.city partner
"SOPRINTENDENZA SPECIALE COLOSSEO MNR E AREA ARCHEOLOGICA DI ROMA"
(SSColloseo) changed its institutional name and is now called "SOPRINTENDENZA SPECIALE
ARCHEOLOGIA, BELLE ARTI E PAESAGGIO DI ROMA", with the acronym SSBAR. Therefore
this new name and abbreviation is used in this deliverable.
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Pilot city: BARCELONA
Climate data provider:

Service provider (purveyor):

User-partner:

VITO

ISGlobal

ASPB

The climate and health sectoral service is a collaborative initiative between VITO, the
Barcelona Institute for Global Health (ISGlobal) and the Public Health Agency of Barcelona
(ASPB). VITO is the urban-scale climate data provider, ISGlobal is the purveyor of the
service and ASPB is the final end-user.
The purpose of the climate and health co-designed service for the city of Barcelona is to
assess heat-related mortality risks. In particular, the service will include
(i) the description of human vulnerability to heat in the different parts of the city;
(ii) the analysis of vulnerability inequalities and differences associated with factors such
as age, sex, socioeconomic level or the built environment;
(iii) the study of changes in vulnerability during recent decades;
(iv) the provision of fit-for-purpose information for the development of future adaptation
measures.
The impacts of summer temperatures and heat waves on human mortality will be based on
overlaying high-resolution climate data from the urban climate model UrbClim with
georeferenced mortality and spatially-detailed sociodemographic data provided by the end
user. Climate-mortality models will be used to develop the urban health service for the city
of Barcelona, which will consist in the generation of a comprehensive assessment report for
the last decades, as well as future projections under climate change scenarios, through the
delivery of heat-related mortality risk maps at the neighbourhood level.
The report will provide both quantitative and qualitative descriptions (for different vulnerable
groups and areas) to support decision making for the development and implementation of
present and future public health interventions and policies. For ASPB, it is key to understand
better the health vulnerability differences that exist between neighbourhoods and identify
populations at higher climatic risk in order to work against climatic injustice. This entails to
determine which indicators of exposure (e.g. built environment and socioeconomic factors)
modulate the vulnerability. In this sense, ASPB is interested in analysing the association
between extreme heat and mortality, taking into account factors that are available at the
individual (sex, age, educational level) and administrative unit (socioeconomic or built
environment) levels. Additionally, ASPB has the assignment to implement and evaluate
interventions in the upcoming years within the city “Climate Plan”, in order to mitigate the
effects of extreme heat on health, under present and future conditions, especially by taking
into account the most vulnerable population groups. The Climate Plan of the Barcelona City
Council runs from 2018 until 2030 and includes four strategic axes: mitigation,
adaptation/resilience, climate justice and promotion of citizen action. This service is
designed to be fit-for-purpose by taking into account the Climate Plan concrete goals.
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The co-design and development of the service involved the interaction between the climate
data provider (VITO), the purveyor of the service (ISGlobal) and the final end-user (ASPB)
through exchange of data, consideration/discussion of the methodology of the service and
validation and evaluation of the results obtained.
ASPB processed and provided the detailed information associated with each individual
mortality record in the city of Barcelona for a 24-year period from 1992 to 2015, including
information such as the home address location, date of death, age, sex, causes of death and
education level. ISGlobal will employ this information, together with simulated fine-scale
retrospective urban climate data from the UrbClim model to model the relationship between
the urban climate and the daily georeferenced mortality records. The derived climatemortality models will be used to project present results into the future. Below, we briefly
describe the co-design service process between the climate data provider and the purveyor
(VITO and ISGlobal, see section 2.2.1), and between the purveyor and the final user
(ISGlobal and ASPB, see section 2.2.2).

The co-design process between VITO and ISGlobal was initiated during the design of the
project proposal as a collaborative initiative. A previous collaboration between VITO and
ISGlobal already demonstrated the feasibility of using UrbClim for modelling the urban
climate (see more details about it in section 2.3.2). Then, the design clearly showed the
advantages of using UrbClim against observation data from meteorological stations or
conventional coarser resolution data products. This previous experience and collaboration
made the communication between VITO and ISGlobal highly efficient, which was done
mainly by email and online meetings, but also through face-to-face meetings during the
general assemblies.
The development process of the service started with the health stakeholder mapping
workshop, which was conducted in September 2017, and during which the needs of the
main local stakeholders and end-users were identified. Taking into account the information
obtained in the end-user needs collection phase of the project, ISGlobal and ASPB agreed
that the climate simulations had to include the entire Barcelona Metropolitan Area. The
resolution that was agreed was 100 m in space, in order to better describe the
administrative units for which the climate-mortality relations are calculated. The horizontal
grid included 401 x 401 points (40 x 40 km), which covers the entire geographical area of
the Barcelona Metropolitan Area, including the neighbouring highly-populated cities. This
computational effort from VITO allows ISGlobal to include in the service more than the
double amount of people than only by covering the city of Barcelona (from approximately
1.6 to 3.4 million people).
The time resolution was selected to daily (i.e. time varying variables to be provided once per
day), because the climate-mortality relation in summer is strongest at very short lead times
of up to 3 days.
The list of climate variables to be provided was communicated by ISGlobal through an
online questionnaire prepared by VITO. Data for a 30-year historical period will be provided
(1987-2016), and climate projections up to 2100. The chosen climate variables are daily
data of air temperatures (minimum, mean and maximum) and humidity (dew point
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temperatures and relative humidity), as well as a thermal comfort indicator such as apparent
temperature and the web bulb globe temperature. Also local rainfall projections and wind
velocities will be provided, but the temporal and spatial resolution of these will be discussed
in a later stage. Further details about the questionnaire and details related to this use case
can be found in the publicly available report “Urban primary data needs analysis” Deliverable
5.1 of Work Package 5 (WP5) – Urban climate data platform.
The future climate projection data provided by VITO will include Intergovernmental Panel on
Climate Change (IPCC) Representative Concentration Pathways (RCPs) scenarios RCP4.5
and RCP8.5 for the period 1986-2100 under different driving global climate models. More
detailed information about these simulation datasets will be decided in forthcoming
meetings and decisions to be agreed between VITO and ISGlobal in May 2018. More details
are also given in section 2.3.1.
In addition, it was decided that an improved land cover map developed by the Cartographic
Institute of Catalonia was used as boundary conditions of the simulations. This relevant
decision was taken collectively between VITO and ISGlobal. More details about this and
about the RCP scenarios chosen can be found in sections 2.3.1 and 2.4.2 of this report.

The process of co-design between ISGlobal and ASPB (purveyor and end-user, respectively)
has been crucial in this case study, given the particularly large implications that heat has on
societal health. The expertise of ISGlobal in the modelling of the interplay between climate,
societal characteristics and several health issues is here specifically relevant to model how
summer heat and heat waves affect human mortality counts, and this was here done
through a collaboration with ASPB, which has experience in the mapping and assessment of
the social determinants of human health in the city of Barcelona.
The health service co-design process primarily included regular (twice per month) face-toface meetings and phone calls between ASPB and ISGlobal for the design of the
methodology and the implementation of the service. ASPB, as the end-user, was involved in
the design of the proposal, and the identification of their needs in the development and
implementation phases. ISGlobal, as the purveyor, requested access to the mortality dataset
of Barcelona, for which it was asked to fill and deliver a confidentiality application form. This
form included information on the requested format of data, including which variables and
time scales were needed for the service, and general terms and conditions of usage of the
dataset. After providing the data, the partners had several discussions/meetings (some
questions still ongoing), mainly on the optimal methodology to be considered for the
analysis of the mortality and climate data, to understand the impact of heat on mortality,
and to find out the areas of the city which are and will be more vulnerable to heat. The two
partners are working closely, so that the methodology can address the identified needs of
the end-users, and working accordingly.
The results will also be compared with socio-demographic and urban data in order to
understand the role of other non-climate factors such as the cause of death, income level,
education, sex, age and the built environment (for example, atmospheric and acoustic
pollution or green and blue spaces). In order to achieve the final objective of the project to
assess and project the role of climate on mortality in urban environments, as well as the
development of adaptation measures, we need to know the role of the non-climate factors
linked to the socioeconomic and demographic characteristics of the different areas of the
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city. Therefore, ISGlobal also requested ASPB to provide these social and demographic
datasets, which will be accessed shortly.

The climate data needed as input for the service is being combined with mortality and sociodemographic data in order to take into account vulnerability aspects of the population living
at each spatial scale of the city (census tract areas, neighbourhoods and districts), and then
to evaluate the current and future sensitivity of human individuals to environmental
temperatures under different climate change scenarios.

Climate input data
UrbClim was designed to simulate temperature and heat-stress at the city scale with a
minimum amount of computation power. As such, it is perfectly fit for the generation of the
service. It combines information about the urban structure (vegetation, soil sealing,
typology, etc.) through a simplified physics approach relevant at urban scales, and
generates local climate data at very high resolution.
The model uses the best numerical description of the recent climate available so far as input
data: the ERA5 Climate Reanalysis from the European Centre for Medium-Range Weather
Forecasts (ECMWF), available through the Copernicus Climate Change Service (C3S). ERA5
provides data at a much higher spatial and temporal resolution than its predecessor ERAInterim. The use of ERA5 for driving the simulations is crucial for the good performance of
the model (see more details in section 2.3.2). In addition, further details can be found in the
publically available report of WP5, D5.1 “Urban primary data needs analysis”.
In addition, the UrbClim simulations for the Barcelona health case study included an
improved land cover description as boundary data, which replaces the normally used
CORINE dataset from the European Environmental Agency. The new land cover map has
been developed on the framework of an Industrial PhD between University of Barcelona and
Institute Cartographic and Geological of Catalonia (DI-2015-038) (Gilabert et al. 2016).

Non-climate input data
The non-climate data used by the co-designed service are mainly daily mortality records and
socio-demographic data for the city of Barcelona. The daily mortality data is obtained from
ASPB for the period between January 1st 1992 and December 31st 2015. The detailed
information of each individual death includes ID (unique number identifying the individuals),
date of death (day, month and year), age (through date of birth), sex (male or female),
cause of death (in ICD-9 and ICD-10 codification), education (without studies, first or
second stages of primary education, secondary education or university education), and
home address (province, municipality districts, neighbourhood and census tract), together
with the corresponding latitude and longitude. The socioeconomic and demographic
parameters will be obtained from "Infobarris", an online webpage service of ASPB
(www.aspb.cat/infobarris), which includes among many other variables, income, occupation,
building condition, air pollution, urban green and blue spaces and noise levels for each of
the 73 neighbourhoods of the city. With these datasets, the mortality information will be
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stratified by age, sex, and cause of deaths (see details in 2.4.1). The descriptive statistics
for the Barcelona mortality dataset are given in Table 1 to Table 4 below, and the detailed
list of social and demographic data in Table 5.

Table 1:

All-year (columns 2-3) and summer-only (June-September, column 4) number
and percentage of deaths by year
Year

N

%

Summer

1992

16,519

4.27

5,068

1993

16,456

4.26

4,818

1994

16,336

4.23

5,184

1995

16,588

4.29

5,063

1996

16,321

4.22

5,001

1997

16,327

4.22

4,970

1998

16,404

4.24

5,101

1999

17,243

4.46

4,970

2000

16,539

4.28

5,016

2001

16,595

4.29

5,407

2002

16,471

4.26

5,001

2003

16,999

4.4

5,880

2004

15,565

4.03

4,793

2005

16,919

4.38

4,829

2006

15,639

4.04

4,907

2007

15,888

4.11

4,818

2008

15,715

4.06

4,786

2009

15,651

4.05

4,735

2010

15,287

3.95

4,646

2011

15,196

3.93

4,563

2012

15,897

4.11

4,542

2013

15,099

3.91

4,480

2014

15,238

3.94

4,553

2015

15,754

4.07

4,665

Total

370,127

100

117,796
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Table 2:

Age group

All-year (columns 2-4) and summer-only (June-September, columns 5-7) deaths
by age and sex
Men

Women

Total

Men
(summer)

Women
(summer)

Total
(summer)

0-4

833

647

1,480

247

201

448

5-9

73

86

159

21

37

58

10-14

132

99

231

41

26

67

15-19

423

184

607

148

70

218

20-24

853

301

1,154

315

93

408

25-29

1,406

575

1,981

510

181

691

30-34

1,966

814

2,780

642

266

908

35-39

2,305

1,008

3,313

797

332

1,129

40-44

2,835

1,409

4,244

954

441

1,395

45-49

4,336

2,106

6,442

1,407

651

2,058

50-54

5,953

2,843

8,796

1,930

966

2,896

55-59

8,516

3,930

12,446

2,574

1,300

3,874

60-64

12,138

5,509

17,647

3,844

1,745

5,589

65-69

17,493

8,521

26,014

5,302

2,724

8,026

70-74

23,212

13,782

36,994

7,060

4,242

11,302

75-79

29,182

23,285

52,467

8,875

7,263

16,138

80-84

32,307

36,190

68,497

9,588

11,117

20,705

85-89

27,100

44,514

71,614

7,901

13,399

21,300

90-94

14,265

34,366

48,631

4,114

10,307

14,421

95-99

4,015

13,916

17,931

1,144

4,059

5,203

100 +

557

2,660

3,217

157

805

962

Total

189,900

196,745

386,645

57,571

60,225

117,796
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Table 3:

Counts of death by district (inside/outside Barcelona)
District No.

Inside Barcelona

Total

1

25,470

962

26,432

2

67,731

2,767

70,498

3

36,489

2,299

38,788

4

14,674

951

15,625

5

29,868

1,234

31,102

6

29,412

1,074

30,486

7

36,657

1,285

37,942

8

34,576

1,553

36,129

9

26,179

1,302

27,481

10

42,696

1,879

44,575

343,752

15,306

359,058

Number (n)

Percentage (%)

21,731

5.62

Without studies

125,474

32.45

Primary education (1st stage)

128,605

33.26

Primary education (2nd stage)

40,156

10.39

Secondary education

38,654

10

University education

32,013

8.28

386,633

100

Total

Table 4:

Outside Barcelona

Counts of death by educational level
Education
Not Available

Total
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Table 5:

Information on socio-demographic and built environment variables
Physical Context Variables

Level of administrative unit

NO2 levels

Neighbourhood level

PM10 levels

Neighbourhood level

Levels of daytime noise

Neighbourhood level

Noise levels at night

Neighbourhood level

Motor vehicles that circulate per km of track

Neighbourhood level

Vegetation index

Neighbourhood level

Surface area for living spaces (per m2)

Neighbourhood level

Thermal demand for heating of houses

Neighbourhood level

Levels of studies

Individual level

Graduation rate

Individual level

Unemployment

Neighbourhood level

Family Income Available (RFD)

Neighbourhood level

The climate information will be combined with these mortality and socio-demographic
datasets in order to take into account vulnerability aspects of the population living at each
scale, and then evaluate current and future sensitivity of human individuals to
environmental temperatures. The steps for processing and combining the datasets include
converting the climate variables into climate-related information that addresses the needs of
the end-users. The user requirements gathered in the stakeholder workshop (see deliverable
D2.1) have been used to design the service to the best possible extent so that it addresses
the most relevant needs, and the end-user partner involved in the health sectoral case has
ensured that these requirements have been included in the co-design process. The daily
mortality data from ASPB have been processed to the level of fine-scale urban
administrative units (neighbourhood level), and will be later stratified by age, gender and
cause of death, for the as long as possible period of time, but also for several sub-periods in
order to detect and attribute changes in mortality (details described in section 2.4). ISGlobal
will employ all this information, together with simulated fine-scale retrospective urban
climate data from the UrbClim model, to model the relationship between daily mean climate
data and daily mortality risks. In addition to this, we will use climate projections (RCPs) for
generating the future heat-related mortality estimations for Barcelona, mainly for multidecadal periods such as 2031-2050, 2050-2100. The processing of climate and non-climate
data involves different methods and steps which are described in the following subsections.

From large scale climate data to urban scale climate data
The UrbClim model transforms large-scale climate data to the local scales. The model uses
the best numerical description of the recent climate available so far as input data: the ERA5
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Climate Reanalysis from the European Centre for Medium-Range Weather Forecasts
(ECMWF), available through the Copernicus Climate Change Service (C3S). ERA5 provides
data at a much higher spatial and temporal resolution than its predecessor ERA-Interim.
The use of ERA5 for driving the simulations is key for the good performance of the model in
the particular case of the summer climate of Barcelona, which is characterized by the wind
breeze regime. In a previous collaboration between VITO and ISGlobal, clear advantages of
using a fast urban model like UrbClim were found, but also the limitation of using ERAInterim as boundary conditions of the model. García-Díez et al. (2016) showed how the
resolution of ERA-Interim was not fine enough to accurately reproduce the wind speeds,
especially the sea-breeze daily cycle, which is very relevant for the local climate of Barcelona
in summer. This systematic error causes large temperature biases when UrbClim is driven
with ERA-Interim. Initial validation results indicate that these errors are largely reduced with
ERA5 (Figure 1).

Figure 1:

Observed (black) and modelled (driven with ERA5, red) daily cycle of wind speed
(m/s) for a city centre station (Raval)

However, ERA5 is only partially released. The entire ERA5 dataset from 1950 to present is
expected to be available by early 2019. Currently, it is only available from 2008 until 2016.
VITO has provided UrbClim runs from 2010 until 2016 for Barcelona and they plan to include
more years as soon as they become available. Meanwhile, as an alternative, VITO has also
provided data corresponding to runs with all ERA-Interim years (1979 to present). Data from
UrbClim runs with ERA-Interim will be used carefully by ISGlobal and it will be substituted by
ERA5 corresponding data as soon as possible.
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In addition, the UrbClim simulations for the Barcelona health case study included an
improved land cover description using the new Climate Local Zones classification as
boundary data, which replaces the normally used CORINE dataset from the European
Environmental Agency. The new land cover map has been developed by the Cartographic
Institute of Catalonia by using the new classification proposed by Stewart and Oke (2012),
i.e. the so-called Local Climate Zones (LCZs).
UrbClim provided climate data at a 100 x 100 meter resolution grid. In order to combine the
climate data with the georeferenced mortality data, ISGlobal performed an interpolation to
assign climate values to points in space that are not exactly in the centre of the grid cell. In
this case, as the grid is very fine, a simple interpolation is used (assigning the nearest point
available or in case the nearest point is over a sea, a combination of the other surrounding
three nearest grid corners). The output files of UrbClim are provided by VITO in the
standard NetCDF format. ISGlobal uses standard NetCDF processing tools to extract,
manipulate and transform the data to make it compatible with the non-climatic data. This
includes Climate Data Operators (CDOs), GDAL and specific libraries written for R and
Python.

Statistical methods to translate input data into service output
Epidemiological methods will be used to analyse the climate-mortality relationships, and
assess and project mortality associated with varying heat conditions. A case cross-over
study has been designed to analyse and assess the relationship between heat and mortality.
In the case-crossover design, each death is a ‘case’ and each individual acts as his or her
own control. This method was initially developed to avoid selection bias in controls, and has
since then been applied to the study of mortality risks, mainly related to air pollution and
temperature. Exposure to ambient temperatures for a given case (i.e. date of death) is
compared with the exposure at several control cases (i.e. reference days before or after the
event). We will apply conditional logistic regression, and will allow non-linear relationships
between heat and mortality by using a natural cubic spline of temperature with 3 degrees of
freedom (Basu et al. 2005).
We will separately study the relationships between mortality counts and daily mean
temperature and apparent temperature, warm tropical nights and torrid nights and compare
results (percentile approach >=95 vs <95). Apparent temperature is a measure of relative
discomfort due to combined heat and high humidity. It was developed by Zanobetti and
Schwartz (2008) on the basis of physiologic studies on evaporative skin cooling. Apparent
temperature can be calculated as a combination of 2meter air (Tair) and dew point (Tdewpt)
temperature by using the following formula:
Tapp=−2.653+0.994Tair+0.0153T2dewpt
Short lags in the relationship between temperature and mortality will be used due to our
interest in short-term effects of heat and extreme temperature. The lag 0-1, 0-2 and lag 0-3
days will be explored by using the case cross-over study design.
We will use this methodology to calculate the effect estimates, and translate those into
relative risks and odds ratios for the subsequent generation of different vulnerability risk
maps. The service will be used to study if the spatial variability of the temperature-mortality
relation is statistically associated in space with the built environment and several
socioeconomic indicators available at neighbourhood level (e.g. air pollution, green spaces).
The service will examine how the magnitude of this association varied in space for all the 73
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neighbourhoods in the period 1992-2015. The same methodology will be applied to project
future heat-related mortality according to different RCP scenarios (4.5 and 8.5) and driving
global models.

The health service will include a report and web-based interactive maps of vulnerability to
heat at the neighbourhood level, with information available for the 73 neighbourhoods of
the city. These maps will show different spatial outcomes by age, sex, cause of death and
social indicators associated with heat. The detailed characteristics and features of each
output are described in the sub-sections below. The service will use high-resolution climate
simulation data for the present and future to take into account future changes in the climate
determinants of human mortality, and infer how these changes will modify the vulnerability
of human citizens in each neighbourhood. The service will provide maps for the period with
available data (1992-2015), which will also be subdivided into four sub-periods to
understand any temporal change in vulnerability and adaptation (1992-1997, 1998-2003,
2004-2009, 2010-2015). Several future climate models, scenarios of greenhouse gas
emissions (RCPs 4.5 and 8.5) and time horizons (e.g. 2030-2050 and 2050-2100) will be
considered. This assessment report will also incorporate the climate data from the urban
climate model for the different identified driving global models.

A report on vulnerability to heat will be generated for the present period. We will include
maps of the different relative risk levels of mortality due to heat, for example by age, sex,
cause of death or education level when significant results are found. The social and
demographic indicators available at the neighbourhood level (e.g. income, pollution, building
condition, air pollution, urban green and blue spaces, noise) will be added in a second phase
as effect modifiers, therefore showing how differences in these indicators affect the
relationship between temperature and mortality in each neighbourhood. The present period
(1992-2015) will be divided into four sub-periods (1992-1997, 1998-2003, 2004-2009, 20102015), and maps will be generated for each subset of data. In this way, differences between
sub-periods in the relative risk maps will show any potential adaptation process of the
population, or a change in the characteristics of the neighbourhoods. All this detailed
information will be compiled in an in-depth assessment for decision-making and the design
and implementation of actions.

The role of age will be described through the characterization of the relative risks. The age
in our case is one of the most important factors, as the elderly are the most vulnerable
group. We will stratify data by age groups and sex, age classifications will be considered if
they show relevant information for decision-making and there is enough statistical power.
The other groups will be sex (male and female), education level (no education, primary,
secondary and university) and cause of death (e.g. cardiovascular and respiratory diseases),
which will be categorized based on the ICD-9 and ICD-10 codes. The effects modifiers or
indicators referring to the social and demographic factors will be used to generate
vulnerable risk maps based on the socio-economic indicators (income, occupation
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education), building conditions, air and noise pollution and urban green and blue spaces. We
will create the maps for the most relevant indicators, and then compare them with the
mortality risk maps.

In the context of global warming, and under a scenario of no adaptation, the health risks
associated with heat are expected to increase. Global climate models (GCMs) provide
quantitative estimates of how the future climate will be, and in particular how the frequency,
intensity and persistence of heat waves will increase. We will use two RCP scenarios, namely
RCP4.5 (intermediate emission scenario) and RCP8.5 (high emission scenario), all provided
by VITO. UrbClim will be driven by a number of GCMs contained in Coupled Model Intercomparison Project 5 (CMIP5) archive. Climate projections will include daily climate variables
based on air temperatures (minimum, mean and maximum) and humidity (dew point
temperatures and relative humidity), as well as a thermal comfort indicator such as apparent
temperature and the wet bulb globe temperature.
We will use the time-stratified case-crossover study design described by Levy et al (2001).
The projected attributable heat-related mortality number will be estimated by using future
climate time series and the exposure-response functions for the present period. We will use
the following function to calculate the projected heat-related mortality:
where ∆Mortality is the change in attributable heat-related deaths; Y0 is the baseline daily
mortality rate (per 100,000 population); β is the exposure mortality relationship for the
temperature heat effect; T is the projected daily temperature; T0 is the threshold of the
exposure-mortality relationship; and POP is the population (Li et al. 2015).

The main two products of the service will be a scientific report and an interactive atlas to
visualize all the obtained results (for example, relative risk maps for vulnerable groups of
age and sex at neighbourhood level). The service products will be delivered once (end of
Climate-fit.city project 2019) and will not be regularly updated.
ASPB is currently collaborating in the resilience and adaptation plan to climate change, and
participates in different emergency plans like the heat waves emergency plan monitoring
daily mortality in Barcelona city (lameva.barcelona.cat/barcelona-pel-clima). Therefore,
these products will contribute in improving these plans and in the implementation of new
actions or interventions to reduce the negative effects of high temperatures on health in
Barcelona; for example, to prioritize neighbourhoods to be intervened. The interactive maps
of vulnerable groups will be useful for the Public Health Agency of Barcelona in this sense.
Mosquitoes as vectors are a concern in Barcelona. Warming means more breeding
opportunities (the duration of a breeding cycle shortens, the warm period extends, and
there are more breeding cycles within the warm season). ASPB has the objective of the
surveillance and control of the emergency response in case of vector-borne diseases.
Therefore, spatio-temporal maps at high spatial resolution obtained from the simulations
could help ASPB in its duty. Finally, ASPB participates in the monitoring of air pollution, so
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for the institution it could be interesting to analyse the dependence of air pollution data with
some results generated by the service.

Table 6 lists the user & stakeholder needs identified in the course of deliverable D2.1
(“Stakeholder Mapping Report”) and indicates, which of them are addressed by the codesigned service.

Table 6:

Overview of the user & stakeholder needs addressed by the health service

User & stakeholder needs identified in D2.1

Addressed by the co-designed service

The Barcelona city council wanted to be involved in
the writing of the project proposal, so that the project
used the same climate models used in previous
initiatives

No, using UrbClim was a core requirement of the
consortium. We plan to compare the results with
UrbClim with previous results, and infer the added
value of urban climate models

Description of the urban heat island effects

Yes

Evaluation of urban planning interventions

No, this would require time-varying maps of land-use,
which are not available

Demand of real-time forecasts of heat risks

No, out of the scope of this project

Analyses on human morbidity instead mortality

No, no specific data available for this kind of analysis

Analyses on mental health

No, no specific data available for this kind of analysis

Occupational health and prevention of associated risks

No, this would require seasonal climate forecasts

Cold extreme events and mortality

No, this would require further in-depth research

Vector-borne diseases

No, this would require further in-depth research

Research on flooding of the delta of the Llobregat
river and health

No, this would require further in-depth research

Local authorities interested in the time horizon 20302050

Yes

Take into account socioeconomic variables associated
with heat related mortality

Yes

Need to include radiation data

No, data is not available

Seasonal windows of allergies

No, this would require further in-depth research

Consider the atmospheric pollution and its effects

Yes

Request for heat index for the modelling of child
health

No, this would require further in-depth research

Some of the user and stakeholder needs that are mentioned in Table 6 will not be addressed
by the service, because either they would require dedicated research, which due to the
nature and short time scale of the project is out of the scope of the call (e.g. flooding and
vector-borne diseases), or they would require the use of other climate models (e.g. followup of previous initiatives such as the projects RESCUE and METROBS) or ancillary data (e.g.
impact of urban planning, changes in land use maps and use of medical prescriptions).
Instead, the service will address other proposed ideas, such as the way the urban heat
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island effect modifies the vulnerability of citizens living in different areas of the city.
Nevertheless, many of the end-user needs might be considered in future research
collaborations, such as the comparison with the results derived from regional models in the
projects RESCUE and METROBS.
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Pilot city: BERN & VIENNA
Climate data providers:

Service provider (purveyor):

User-partner:

VITO

Meteotest

INES

The purpose of the building energy service is to provide building design engineers with more
accurate and adequate meteo data for simulating buildings located in cities. The objective is
to construct/refurbish buildings with better indoor quality and less energy demand.
For the building energy service, Meteotest enhances its Meteonorm software 2 and web
service to account for urban climate conditions, in particular the urban heat island effect,
using UrbClim (WP5) output fields. Concretely, this entails the stochastic generation of time
series of a so-called Typical Meteorological Year (TMY), as well as extreme (hot/cold) years,
both for the current situation and under future climate conditions.
The first phase equals to the test phase of urbanized Meteonorm (a.k.a. Meteonorm Version
MN 7.3 / MN 7.3). User-partner INES will employ urbanized Meteonorm data for Bern and
Vienna to simulate building cooling and heating loads and thermal comfort levels using the
IDA-ICE building simulation tool. The results are compared to simulations based on standard
TMYs.
The objective of the first phase is to show low deviations at sites with met stations used to
produce standard TMY (the data used historically for building design) and to proof the
working hypothesis that for sites within cities significant deviations are seen compared to
the standard meteo stations (and therefore urban adaptation is needed).
In the second "replication" phase more cities in Meteonorm will be upgraded with urbanized
data. The final target is to include urbanized Meteonorm data for all bigger urban areas in
Europe and in other continents and like this to enable more accurate building simulation for
urban areas.

For the co-design process of the building energy case close interactions between the three
partners were needed. Climate data provider VITO delivered basic meteo data, service
provider Meteotest condensed them into "urbanized" Meteonorm and user-partner INES
tested the new meteo data by comparing the simulation results of buildings.

The process was defined bottom up. The data needs were above all defined by the needs of
the users/stakeholders – the building simulation community. This know-how was acquired
first by a stakeholder workshop (see deliverable D2.1). Based on the data needs of the
2

www.meteonorm.com
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users/stakeholders, the needs of Meteotest as service purveyor were defined in a second
step. VITO was gathering this information by an online query (see deliverable D5.1). The
final list (Table 7) was defined in further bilateral discussions – mainly a trade-off between
importance of needs and possibilities of the UrbClim model. E.g. the very high resolution
(20 m) of data has been excluded due to too high demand of calculation effort.

Table 7:

Defined climate data needs of the service purveyor

Options

Defined needs

Periods

1987-2016 (ERA-Interim), 2010-16 (ERA5), 2045-64

Temporal resolution

hourly

Spatial resolution

200 m

Parameters

Temperature, humidity, precipitation, wind speed/direction, global horizontal radiation

Formats

NetCDF

IPCC Scenarios

RCP 4.5 and 8.5

Cities

Bern, Vienna (for first phase)

User-partner INES and service purveyor Meteotest organised together a stakeholder
workshop, where mainly the building simulation community was participating (see
deliverable D2.1). During this workshop the needs of the main stakeholders of this sectoral
case were acquired. INES uses the simulation tool IDA Indoor Climate and Energy
(IDA_ICE3), which defined the data format “typical meteorological years” (TMY). This format
includes 8,760 hourly values of temperature, relative humidity, wind speed in eastern
direction, wind speed in northern direction, direct horizontal radiation and diffuse horizontal
radiation.
INES suggested different building types and forms of comparison of the results. In short
meetings between INES and Meteotest the building types and description of the results were
defined.
Additionally, Meteotest and INES defined three main sites within the cities for comparing
building simulations: one at the border of the cities, where the main meteo station is located
(of which the standard TMY existed); one in the city centre and one in-between. At those
sites also measured data was available (in different quality and time resolution).
Additionally, "virtual" sites were defined – where no measurements were available – to
check the strongest variations within cities (see Table 8 and Table 9).

3

https://www.equa.se/en/ida-ice
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Table 8:

Sites for comparison used in Bern and Vienna

Site

Type

Location

Latitude
[°]

Bern/Zollikofen

meteo station (TMY)

land/open

46.9910

7.4669

552

Bern/Bollwerk

meteo station

street canyon

46.9494

7.4405

539

Bern/Von Roll

meteo station

industrial

46.9535

7.4231

554

Bern/Tscharnergut

virtual*

semi urban

46.9483

7.3851

555

Köniz/Ried

virtual

land/open

46.9264

7.3884

622

Bern/Gaswerk

virtual

park (river)

46.9392

7.4422

503

Bern/Viererfeld

virtual

park

46.9640

7.4389

569

Bern/Köniz-Balsigergut

virtual

land/open

46.9213

7.4614

561

Bern/Breitenrain

virtual

urban

46.9587

7.4547

559

Vienna/Hohe Warte

meteo station (TMY)

semi urban

48.2486

16.3568

198

Vienna /City

meteo station

city centre

48.1983

16.3669

177

Vienna/Unterlaa

meteo station

semi urban

48.1250

16.4194

206

Vienna/Schwechat

meteo station / additional

Airport

48.1103

16.5697

183

Vienna/Stephansplatz

virtual

city centre

48.2084

16.3721

192

*

Longitude
[°]

virtual = no measured data available

Table 9:

Test matrix
MN 7.2

MN 7.3

TMY ERAInterim

Site

Type

Bern/Zollikofen

meteo station (TMY)

x

x

x

Bern/Bollwerk

meteo station

x

x

x

Bern/Von Roll

meteo station

x

x

x

*

x

x

x

Bern/Tscharnergut

virtual

Köniz/Ried

virtual

x

x

Bern/Gaswerk

virtual

x

x

Bern/Viererfeld

virtual

x

x

Köniz/Balsigergut

virtual

x

x

Bern/Breitenrain

virtual

x

x

Vienna/Hohe Warte

meteo station (TMY)

x

x

x

Vienna /City

meteo station

x

x

x

Vienna/Unterlaa

meteo station

x

x

x

Vienna/Schwechat

meteo station / additional

x

x

x

Vienna/Stephansplatz

virtual

x

x

x

*

Altitude
[m]

TMY
official
x

x

virtual = no measured data available
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VITO delivered ERA5 (2010-16) and ERA-Interim (1987-2016) based UrbClim NetCDF files
for Bern and Vienna in hourly time resolution. Parameters used were temperature, wind
speed, relative humidity, global radiation (directly from ERA5/Interim) and precipitation
(directly from ERA5/Interim – and not used for modelling).
Based on the input values Meteotest calculated TMY based on Sandia method and
condensed the temperature information into Meteonorm (urbanized Meteonorm; see section
3.3.1). The results of Meteonorm were TMY datasets in hourly input format of IDA-ICE. This
includes the parameters air temperature, relative humidity, wind speed, wind direction,
direct horizontal radiation and diffuse horizontal radiation. Figure 5 shows an example of a
building defined for comparison.

Starting point for condensing UrbClim output into “urbanized” Meteonorm are ERA/UrbClim
high resolution fields calculated by VITO. For making TMY datasets as well as input data for
urbanized Meteonorm, 20 years of hourly data are needed.
In a preliminary step ERA5 and -Interim based datasets were bias corrected. This was done
by defining the difference of the yearly average temperature and the factors of wind speed
and global radiation at the site of the official meteo station (Bern/Zollikofen and Wien/Hohe
Warte) for the period 2010-16. The correction values were then applied to the whole
modelled grid (Table 10).

Table 10: Bias corrections for Bern and Vienna for ERA-Interim
Site
Bern/Zollikofen
Wien/Hohe Warte

Temperature
[°C]
1.4°C
0.0°C

Wind speed
[-]
1.00
0.75

Precipitation
[-]
1.0
0.9

Global rad.
[-]
1.076
1.000

Meteotest condensed the bias corrected fields on a regular grid (1 km at the outer area of
the cities, 250 m within the cities) to TMY and input data for the Meteonorm stochastic
temperature model. At this stage higher resolutions (e.g. 100 m) haven't been included as
the data volume and calculation time would have been too big.
A total of approximately 400 locations were saved each for Bern and for Vienna. For Bern 9
additional test locations were modelled and 5 for Vienna (see Figure 2 and Figure 3 as well
as Table 8 and Table 9). Those were used for comparing the building simulation results. As
shown in Figure 2 and Figure 3, the topography in Bern and Vienna is rather complex; both
are located next to a river (Aare and Danube) and at the foothills of the Alps.
TMY generation, directly based on ERA/UrbClim data, was used as an intermediate step. The
resulting datasets have also been benchmarked along the urbanized Meteonorm data. TMY
were calculated based on Sandia method described by NREL (Wilcox and Marion 2008).
Preliminary
tests
with
other
methods
(prEN
ISO
15927-4:2005;
https://www.iso.org/standard/41371.html) did show clearly lower accuracies and were
therefore not used.
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Figure 2:

Yearly average temperature of Bern area (20x20 km) based on uncorrected
ERA5/UrbClim model (red line: 11°C); black points: sites, where TMY and input
data of Meteonorm stochastic model have been used (1 km / 250 m grid)

Figure 3:

Yearly average temperature of Vienna area (30x30 km) based on not bias
corrected ERA-Interim/UrbClim model (red line: 12°C); black points: sites, where
TMY and input data of Meteonorm stochastic model have been used
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In Meteonorm a Markov chain model (Remund et al. 2018) is used to generate daily
temperature values. This model is based on temperature distributions from meteo stations
(approximately 6000 stations). To get urbanized Meteonorm temperatures, distributions of
approx. 400 input sites per city were added from ERA/UrbClim models (at the points in
Figure 2 and Figure 3). The following temperature parameters are used as statistical values
for the model:


Monthly distribution of the daily temperature (7 points of the monthly distribution are
stored: 1/31, 3/31, 6/31, 15/31, 25/31, 28/31, 30/31 quantiles)



Monthly mean temperature



Monthly mean of daily minimum and maximum hourly temperatures



Mean monthly minimum and maximum hourly temperatures



Mean standard deviation and difference of day to day variation, separated for days
below and above the average daily difference between maximum and minimum
temperatures. This approximately corresponds to a separation into clear and
overcast days or days with high and low radiation



Mean minimum daily temperature per year



Mean 4 day minimum temperature per year



Mean maximum daily temperature per year



Minimum and maximum hourly value per month of all 10 years



Monthly deviation of average temperature in relation to meteo station (e.g. Zollikofen
for Bern area); values are adapted for altitude differences

For sites within a city a general urban heat effect value of 1°C is assumed in Meteonorm.
The last bullet point is new and is used to correct the standard yearly urban heat effect
value. At the new data points the urban heat effect is corrected to the local level.
A first test based on a preliminary version of urbanized Meteonorm (MN 7.3) was done by
comparing the meteo datasets with measurements at meteo stations (see Table 11 and
Table 12). TMY directly made of ERA/UrbClim time series (ERA5 / ERA-Interim), Meteonorm
7.2 (last version), Meteonorm 7.3 and measurements are listed in the tables. The table for
Bern (Table 11) additionally includes SIA 20284 (1984-2003), the default TMY in Switzerland
for building design, whereas the table for Vienna (Table 12) additionally lists the official TMY
provided by Austria’s national meteorological service (ZAMG).
In the case of Bern, all datasets aside SIA 2028 have been adapted to Zollikofen (that's why
all show low deviations for Zollikofen). SIA 2028 show somewhat lower temperature values
due to the older period (1984-2003).
For Bern the urban effect between Bollwerk, Von Roll and Zollikofen is about 1°C (measured
as well as modelled). ERA5 and ERA-Interim underestimate the urban heat effect, whereas
Meteonorm shows the same magnitude. For Vienna ERA-Interim shows correct levels of the
urban effect (0.9°C), whereas Meteonorm overestimates the effect. Maximum temperatures
are given less accurately.

4

http://www.energytools.ch/index.php/de/
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Table 11: Yearly average temperature in °C for 3 sites with measurements in Bern
Model
ERA5 / UrbClim
ERA-Interim / UrbClim
SIA 2028 (TMY)
MN 7.2
MN 7.3
Measured

Bern/
Bollwerk
9.7
9.9
10.5
10.5
10.6

Bern/
Zollikofen
9.7
9.7
9.3
9.6
9.6
9.6

Bern/
Von Roll
9.8
9.7
10.4
10.4
10.7

Table 12: Yearly average temperature in °C for 3 sites with measurements in Vienna
Model
ERA5 / UrbClim*
ERA-Interim / UrbClim
TMY ZAMG (TMY)*
MN 7.2
MN 7.3
Measured

Vienna/
City

Vienna/
Hohe Warte

Vienna/
Unterlaa

12.2

10.5

11.6

13.0
13.0
12.4

11.1
11.1
11.3

12.1
12.1
11.2

* … not yet analysed

Additionally, distribution tests were used to compare the different values (as TMY can't be
compared hour by hour). Table 13 contains the Kolmogorov-Smirnoff test index (KSI) over
values for Bern (Espinar et al., 2009). KSI values below 100 % mean, that statistically no
difference between the distributions exists. Meteonorm TMY have clearly lower KSI values
than directly constructed TMY based on ERA/UrbClim. MN 7.3 (urbanized Meteonorm) shows
slightly higher values than MN 7.2.

Table 13: KSI over (%) values for three sites in Bern
Model
ERA5 / UrbClim
ERA-Interim / UrbClim
SIA 2028 (TMY)
MN 7.2
MN 7.3

Bollwerk
765
468
0
0

Zollikofen
141
118
175
0
0.7

Von Roll
1231
1216
65
122

Figure 4 shows the cumulative distributions of modelled vs. measured temperature values at
the site Bern/Bollwerk. Whereas TMY directly based on ERA show differences around 10°C,
Meteonorm files are mostly below the threshold of 95 % uncertainty (horizontal line at
approx. 0.02). As no big deviations between ERA5 and ERA-Interim could be shown and the
available ERA5 data period is rather short, we decided to use ERA-Interim.
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Figure 4:

Cumulative distributions of hourly temperature values at Bern/Bollwerk

More tests will be done in the main evaluation period (also for Vienna).

Meteo data of the test sites were transmitted to INES. INES defined three types of buildings
(single family house, apartment building, office building), using two building standards
(historic of 1970 and current of 2015). They compared the energy consumption (heating
and cooling) and the indoor climate (EN-15251: typical hours per year in four comfort
classes) for the different buildings and climate files. First results of this comparison are
available (see Figure 6 and Figure 7); the complete palette will be ready by June 2018.
Figure 5 exemplarily shows the definition of the building type “apartment, historic”. The
photograph in the top right corner gives a visual impression and the 3D-view below shows
the model in the IDA-ICE-editor. The highlighted zone represents the selected room for
analysing the thermal comfort criteria. In this case, a south oriented living room with
balcony and only little wall area facing outside has been chosen. The table below the
pictures gives an overview on the quality of the typical thermal insulation for buildings like
this in comparison with actual requirements for new constructions in Switzerland.
The simulation model calculates the energy consumption for space heating (see  in Figure
6). This parameter allows a classification into energy efficiency categories by comparing with
the national requirements for new constructions. All the other energy consumption values
are calculated in dependence of the real (or typical) heating installation and national
weighting factors for primary energy. Together with other energy consumers in the building
(domestic hot water, auxiliary equipment) the total primary energy can be compared with
standard-reference values to determine the energy efficiency category in primary energy.
The simple building in this example does not represent an interesting case for analysing the
influence of the chosen dataset on primary energy consumption. This however changes
when solar energy and/or cooling plants are involved.
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Figure 5:

Definition of one of the buildings (apartment, historic) used for comparison

Figure 6:

Simulation results with reference dataset (Bern/Zollikofen, SIA 2028)

1
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Besides energy consumption the IDA-ICE model calculates for each zone the thermal
comfort. There are different methods to quantify this. We have chosen the system according
to the European norm EN 15251. This method allows a statistical and graphical output to
characterize the thermal comfort. The scatterplot in the bottom right corner of Figure 6
shows the operative indoor temperature (hourly mean, vertical axis) in dependence of a
weighted outdoor-temperature (continuous weighted daily mean, horizontal axis).
The top picture in Figure 7 shows an aerial view (Google Earth) from the location called
“Bollwerk” in the city of Bern. This gives a visual impression of the environment. The
repetitive simulation results are given in the same way like the reference scenario. Each
result is then compared with a percentage value to the result from the reference scenario:


green: below 100 % means the calculated result is smaller than the reference value



red: above 100 % means the calculated result is greater than the reference value



black: equals 100 % means there is no difference (in Figure 7, the 100 % are
coloured in red because the figure is rounded).

The scatterplot the bottom right corner of Figure 7 shows that the slightly different
statistical results are due to some hot situations in summer (red circle).

Figure 7:

Simulation results with dataset “Bern/Bollwerk” and comparison with the
reference scenario
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Conclusion
The example given above with the urbanized dataset “Bollwerk” shows…


13 % lower energy consumption for space heating



6 % lower overall primary energy consumption



irrelevant differences in statistical indoor climate results but clearly higher indoor
temperatures in summer

The output of the service are TMY datasets. In the first phase of the project the datasets of
9 sites within Bern area are used by INES to simulate the effects of the TMY's for different
building types (as shown in section 3.3.2). Like this the effects can be described and
evaluated in a realistic way (for building simulation). The contact to the users didn't happen
yet. Meteonorm 7.3 including urbanized data for Vienna and Bern will be published in June
2018.

The service is planned to be implemented in Meteonorm software (desktop) as well as in the
web service (API) by June 2018. Results are typical years in hourly time resolution based on
stochastic generation. Meteonorm provides different ASCII (text) formats for many
simulation tools (like TMY2, TMY3, EPW, IDA-ICE).

Table 14 lists the user & stakeholder needs identified in the course of deliverable D2.1
(“Stakeholder Mapping Report”) and indicates, which of them are addressed by the codesigned service.

Table 14: Overview of the user & stakeholder needs addressed by the building energy
service
User & stakeholder needs identified in D2.1

Addressed by the co-designed service

Quality of drainage flows

Not addressed; not enough meteo stations within city

Graphical tools of comparing different climate options

Meteonorm includes some graphs, but not for
comparison of different options

Legal aspects (urban data need to be used by law)

Out of the scope of this use case

Not adapted houses will induce higher costs or heat
stress

Amount of energy needs by adaptation to wrong
climate not yet done

Wind direction and speed important for modelling of
natural ventilation

Wind direction not yet based on UrbClim

Model also climate variability not only general trends

Work to be done; up to now only P50 years have been
constructed and evaluated
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User & stakeholder needs identified in D2.1

Addressed by the co-designed service

Interactive modelling would be optimal

Meteonorm is an easy tool for this

Derive classes / typologies of buildings and model
their reaction to climate change

Done

Fine grids (25 m) needed

Too high modelling costs and smaller than standard
resolution for UrbClim; as trade off 100 m is used
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Pilot city: ANTWERP
Climate data provider:

Service provider (purveyor):

User-partner:

KU Leuven

KU Leuven

City of Antwerp

The first Antwerp Climate-fit.city workshop (“Stakeholder Mapping” workshop) on 27
September 2017 indicated the following needs for emergency planning in case of urban
pluvial flash floods:


Real-time forecasting of rainfall and flash floods including the locations and extent of
the floods



Support to fire brigades about the equipment required to support the interventions



Strengthening the awareness and resilience of citizens, avoiding emergency call jams



Knowledge about the 2nd line incidents such as electricity breakdowns and blocked
roads, especially for the roads towards hospitals



Support to decision making regarding the underground infrastructure: protecting
them or use as buffer capacity?



Support & fine-tuning of communication towards the city citizens



Structural adaptation measures to avoid 2nd line incidents (e.g. dangerous pollution
or breakdowns) in older industrial zones

The actual emergency planning and decision making is mainly based on experience and
intuition, or on the amount of emergency calls. The added value of the co-designed service
is that decision making will be supported by objective data, including knowledge about the
future climate trends.
More specifically and taking the specific focus of the Climate-fit.city project into account,
there was a high need identified to obtain improved knowledge and insight on modified
extreme weather conditions and related consequences for disaster management and
planning. This involves information and insights on the:


changes in the frequency of extreme rain storms and pluvial floods;



locations and characteristics of the flooded zones: inundation area, maximum
inundation depth;



socio-economic consequences of these pluvial floods (inundated houses, hospitals,
schools, homes for the elderly, …);



impacts on disaster emergency planning needs (fire brigade interventions: pumping,
sand bags; ambulances; evacuations);



impacts on traffic infrastructure including tunnels and metros, and obstructions for
routes used by disaster emergency vehicles, planning for alternative traffic routes for
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disaster emergency vehicles, in relation to the location and extent of the flood
(extreme rainfall and flood scenarios).
Based on these identified needs related to “city emergency planning in a changing climate”,
an Emergency Planning service was proposed that will deliver: (1) changes in the frequency
of extreme rain storms and pluvial floods, and related changes in the pluvial flood risk areas,
(2) quantified impacts on the disaster emergency planning, (3) a revised emergency plan,
e.g. revised traffic routes depending on the inundated areas. It will lead to a climate-proof
emergency plan for extreme rainfall and pluvial flood related disasters.

On 17 April 2018, a co-design workshop was organized with the stakeholders. In the period
between the “Stakeholder Mapping” workshop on 27 September 2017 and this co-design
workshop, data and service provider KU Leuven carried out the task of quantification of the
changes in the frequency of extreme rain storms and pluvial floods, and related changes in
the pluvial flood risk areas for the city centre of Antwerp. This was to complete step (1) in
the above-defined Emergency Planning service. In parallel, the City of Antwerp – userpartner in the emergency planning case – supported KU Leuven with data and information
needs and had intense discussions with the key stakeholders of the service. Also synergies
with other ongoing projects and initiatives, and related opportunities were explored.
More specifically, the following synergies were explored:
- Related to the need for pluvial flood ‘nowcasting’: This need was identified during the 1st
workshop, but this aspect is not within the scope of providing a service related to climate
data. This need will be picked up within the framework of EU-H2020 project CUTLER in
which the City of Antwerp is involved (providing a multiple data platform & interface,
including meteo) and the EU-H2020 project BRIGAID in which KU Leuven is involved with
the city of Antwerp as living lab case (potential to test an X-band radar as an innovation
related to climate adaptation or increasing disaster resilience; such radar would provide high
resolution rainfall data in real-time, which would be very beneficial in support of the rainfall
nowcasting).
- Related to the pluvial urban flood analysis: There are two other ongoing projects by or
focusing on the City of Antwerp: the setup of a “water plan” by the City of Antwerp, and a
“smart cities” related project coordinated by IMEC on the use of sensor data in support of
urban flood forecasting. These projects are complementary in scope and location. The
Climate-fit.city project concentrates on the Antwerp area ‘intra muros’ (inside the Ring
Highway), while the IMEC project focuses on the city’s outskirts (Ekeren) which have a more
‘rustic’ character. The “water plan” project concentrates on structural adaptation of the
public domain including socio-economic impact analysis. The latter step provides a link with
the Climate-fit.city project (WP6), which would be beneficial at a later stage.
It is also worth mentioning that the City of Antwerp has set up a coordination platform
“Climate Adaptation”, using the “Slack” platform. This platform will support the fluent
exchange of information between the several related projects.
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- On the compatibility between the Climate-fit.city pluvial flood maps and the City of
Antwerp ’s GIS-system: A meeting was organised between KU Leuven and the technicians of
the City of Antwerp GIS-department to discuss data formats and compatibilities.
- On the validation of the Climate-fit.city pluvial flood maps: Agreements between the
data/service provider and user-partner were made concerning the validation of the pluvial
flood maps that will be developed by KU Leuven as part of the Climate-fit.city Emergency
Planning Service. Validation data were provided by the fire brigade of the City of Antwerp.
These consisted of a database of flood related interventions by the fire brigade since 2016.
It was also agreed that the City of Antwerp will investigate whether local surveys can be
organized with citizens in the neighbourhoods of recent historical floods. This would allow
more detailed local validation of the timing, inundation depths and inundation extents.
Additionally, the maps will also be validated through SW/B&O, a department of the City of
Antwerp that supports the fire brigade with their large capacity pumps.
Moreover, regular meetings were organized between KU Leuven and the City of Antwerp to
discuss and prepare for the details of the co-design process with stakeholders. This included
preparation of the co-design workshop that was organized at Antwerp on 17 April 2018.
During that meeting, the first version of the pluvial flood maps for Antwerp produced by KU
Leuven as the first component of the Climate-fit.city Emergency Planning Service were
presented to the stakeholders and the next steps on the validation and refinement of these
maps and on the use of these maps for revising the Antwerp Emergency Planning were
discussed with the main stakeholders.

Workshop of 17 April 2018
The backbone of the co-design process with potential users outside the project consortium
consisted of the second stakeholder workshop that was organized on 17 April 2018.

Figure 8:

COCD-box

The methodology we used was the ‘COCD-box’.
This method was developed in Belgium to support
innovative thinking. Further details can be found
on https://www.tuzzit.com/en/canvas/COCD_box
and in the extensive report about the workshop,
which is provided in attachment to this deliverable
(see Annex B). In summary, the COCD-box helps
to select the most promising ideas from a
brainstorm with fewer restraints on feasibility. The
Box has two axes: the originality of the idea and
its ease of implementation (see Figure 8). Original
but not (yet) feasible ideas are placed in the
yellow square, original and feasible ideas are
placed in the red square, feasible and already
known ideas should be placed in the blue square.

During the workshop, after the presentation of the first version of the pluvial flood maps
developed by KU Leuven, a brainstorm was organized among the stakeholders to discuss
about options / ideas / actions or solutions in support of the climate proof emergency
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planning for the city of Antwerp. We explained that, ideally, participants should be
encouraged to think about unfeasible ideas connected to their dreams or future possibilities
in the idea generation taking place before the selection process. This allows new “out of the
box” ideas to blossom. Although we explained that adapting the emergency planning was
the main theme of the workshop, we also allowed the participants to develop ideas about
resilience and about structural adaptation.
In total, 37 ideas were identified by the 20 participants (apart from the organizers). The
ideas were classified in three types: actions related to ‘emergency planning’ (E), ‘resilience’
(R), and ‘structural adaptation’ (A).
The 37 ideas thereafter were scored by each of the workshop participants. The results of
that scoring can be found in Table A.1 in Annex A. To get a general score, we distributed 3
points for every blue vote, 2 points for every red vote, and 1 point for every yellow vote
(see the COCD-box in Figure 8 for the definition of the colours).
If we sort the emergency planning (E) ideas based on the general score, we get the results
shown in Table 15.

Table 15: Results of the brainstorming exercise – Ideas related to emergency planning
E idea

General score

Damage estimation resulting in cost/benefit calculations

4

Disclosing flood maps for all emergency services

2

Mapping essential infra resulting in intervention priorities

3

8
2

6
6

Alternative use of soil water draining (stop & reverse)

2

6

E-form to avoid overload of emergency lines (exists)

2

6

Mobile weirs (instead of sand bags)

1

Mapping critical infra & industrial zones

1

Mapping underground infra & buffer capacity
Inventory of public buildings on high grounds
Mapping impacted population groups & time estimation of interventions

1

5
1

2

4
4

1

3
1

2

Influencing precipitation (cloud cannon)

2

2

Disclosing confidential information (legislation changes)

1

1

Mapping capacity & use of buildings in function of time of day

0

These results provided important inputs to the co-design process of the Climate-fit.city
Emergency Planning Service.
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Interviews & other communications
Next to the second stakeholder workshop on 17 April 2018, many interviews and other
forms of communication took place between Climate-fit.city partners and further (potential)
end users, to probe into their needs and to examine in which way climate data can add
value to their work. Also several institutions that possibly can provide additional data,
information or methods that can be useful in the development of the service were
contacted.
More specifically, the following parties were informed and/or interviewed about the project
(on top of the parties that participated and that were also informed during the first
stakeholder workshop on 27 September 2017):


EMA (Energy & Environment City of Antwerp, Rebecca Beeckman & Ronny Van
Looveren)



EMA scholen (schools, Liestbet Van Houtte & Leen Aertssen)



GECORO (advice council concerning building permits, Katlijn Van der Veken)



ADOMA (advice council concerning environmental permits, Jana Deforche)



Stadslab 2050 (citizen participation, Gert Vandermosten)



Buurtregie stad Antwerpen (citizen participation, Jonas Vogels)



SW B&O stad Antwerpen (logistic support of fire brigade: pumps, sand bags, …
Pamela Hoorelbeke)



Waterplan (Samuel Van de Vijver)



IMEC (‘Flooding’ project, Astrid Philippron)



GIS-cel stad Antwerpen (Lien Bakelants & Kay Warrie)



City of Beveren (Eddie Joossen, environmental department)



University of Antwerp, Biology Department (Jan Staes, extrapolation of vegetation
change projects)



Hoger Instituut voor de Arbeid (prof. Luc Van Ooteghem, socio-economic impact
surveys of inundations)

On 1 March 2018, we also participated in the ‘Smart Cities’ event of Agoria (federation of
Belgian technology industry).

The generation of climate scenarios for extreme rainfall uses a novel method of statistical
downscaling (Willems et al., 2012) where all publicly available global and regional climate
model outputs are considered and downscaled to the local scale of a European city (Figure
9).
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Figure 9:

Scheme summarizing the process of statistical downscaling of the ensembles of
publicly available global, regional and local climate model outputs

Climate scenarios for (extreme) rainfall are obtained that are applicable for local impact analysis (pluvial flood
impact analysis) at the city of Antwerp.

Local time series of measured precipitation intensity available for specific locations in Europe
(i.e. cities) are perturbed according to climate change signals obtained from the climate
model outputs. This is done based on the ensembles (groups of climate models) of publicly
available outputs from global climate models (GCMs; CMIP5 database) and European
regional climate models (RCMs; EURO-CORDEX database) and the quantile perturbation
method (Willems 2013; Willems & Vrac, 2011; Ntegeka et al., 2014) for further downscaling.
This downscaling method intrinsically involves bias correction (removal of any systematic
difference between the climate model outputs and the historical observations). For Belgium,
also local area models (LAMs), which are high resolution climate models but for limited
areas, are also available. These are considered to validate and fine-tune the statistical
downscaling assumptions. More specifically, local area models with fine spatial resolutions of
2.8 to 4 km became available through the CORDEX.be project (Belgian Science Policy
support).
The climate change signals are derived and downscaled for this project and involve changes
in rainfall intensities in relation to the severity level (exceedance probability or return
period), the number of wet and dry days, and this for each month of the year. These
changes are applied to the local historical precipitation time series using a stochastic
modelling procedure. The local historical time series for Antwerp have a temporal resolution
between 1-minute and 1-hour, depending on the source of the rainfall data (City of
Antwerp, Flemish Environment Agency: VMM, or Royal Meteorological Institute of Belgium:
RMI).
The result of the perturbation based statistical downscaling are precipitation time series of
the same length and time scale modified (perturbed) time series but following future climate
conditions and this for:
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Different climate horizons: 2050 and 2100;



Different greenhouse scenarios: RCP8.5 (business-as-usual scenario reg. greenhouse
gas emissions), RCP6.0, RCP4.5 (medium scenarios) and RCP2.6 (strong mitigation
scenario), but also all RCP-scenarios combined, given that the likelihood of each
scenario cannot be determined;



Different climate models: Because of the uncertainties in the future climate
projections, it is important that these uncertainties are taken into account in the
impact analysis. This is done by considering an ensemble of future perturbed rainfall
time series: one for each of the different climate models. Because this leads to a
large set of time series to be considered (more than 200), a reduced set of “climate
scenarios” is obtained. In this process, the full ensemble of future climate projections
of all the climate models is statistically post-processed in order to obtain few
scenarios that approximately span the full ensemble range. More specifically, the
reduced set of climate scenarios consists of three climate scenarios: high, mean and
low; these represent future changes on the higher end, the middle and the lower
end of the full range of future changes in rainfall.

For the historical precipitation time series, local time series were collected and perturbed to
each of the climate scenarios. The historical and future (perturbed) rainfall series are further
processed in order to obtain rainfall statistics, such as:


Extreme rainfall intensities for given probabilities or return periods, e.g. 5-year, 20year or 100-year rainfall intensities;



Rainfall intensity-duration-frequency (IDF) curves, which are typically used for the
design of urban drainage systems; or for impact analysis on urban flooding
(construction of urban flood hazard maps in this case);

Some of the results obtained so far are shown hereafter. Figure 10 shows the changes in
mean monthly precipitation; Figure 11 the changes in extreme rainfall intensity-durationfrequency (IDF) curves; Figure 12 for the changes in design storms. The latter are obtained
in a spatially variable way over the Antwerp area. This is illustrated in Figure 13 for the 15minutes rainfall intensity and the 5-year return period, under current and future climate
conditions (high climate scenario, 2030, 2050 and 2100).
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Figure 10: Monthly changes in precipitation depth

The boxplots indicate the ranges of relative changes based on the full ensemble of climate models (around 200
runs for Antwerp). One can see that the higher the RCP scenario (the higher the greenhouse gas concentrations)
the stronger the changes. Winter months show increasing future rainfall amounts for Antwerp; the summer
months decreasing future rainfall amounts. Most climate models show such increasing or decreasing patterns.
The precise % change is, however, uncertain as is indicated by the box-plots. We note in the figure that the
winter rainfall may increase up to about 30% or more; the summer rainfall may decrease down to about -50%
or more.

Figure 11: Example results of IDF curves

ICDF curves show how the rainfall intensity depends on the time scale (aggregation level = time duration over
which the rainfall intensity is averaged) and the return period (probability of occurrence). By overlaying the IDF
curves for the historical and future climate, it can be seen that a 100-year storm in the current climate may
become a 10-year storm in the future climate 2071-2100. The lines in the plot are for return periods of 1 month
(lowest red lines), 1 year (pink lines), 10 years (green lines) and 100 years (dark green line).
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Figure 12: Example results of changes in one of the storms that is used for the design of
urban drainage systems in Belgium, hence also Antwerp (2-year storm in the
figure).

One can see the increase in peak intensity of the storm from the historical (=current) climate to the future
climate according to the mean and high climate scenarios.

Figure 13: Spatial maps showing the changes in extreme rainfall intensities (in the figure
for the example of the 5-year 15-min rainfall intensity) from the current to the
future climate (high climate scenario) over the city of Antwerp.
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For analysing the changes in sewer or river flows and (urban) floods, the rainfall time series
are propagated in a hydrological and/or hydraulic model of the water system (i.e. urban
drainage system, river system). This is done for both recent historical flood events (to
validate the modelled flood results) and for the design storms. When the impact results of
the design storms for current and future climate conditions are compared, the changes in
impacts can be assessed.
For impact analysis on urban flooding in the Antwerp area, the impact model consists of the
existing full hydrodynamic models of the Antwerp sewer network provided by the sewer
manager Water-link (Aquafin), extended for the Climate-fit.city project by a 2-D surface
inundation model integrated with the below ground part of the model (Figure 14). The
below ground part of the model represents the sewer pipe system.

Figure 14: Hybrid urban flood modelling concept where the bi-directional interactions
between the above ground (overland) and below ground (sewer network and
underground stores) are considered
Effective rainfall
Bi-directional
interaction

Surface
component
Sub-surface
component

Sewer flow

First, the model extent was defined based on an analysis of the surface draining system in
the region of the city of Antwerp, and by considering the availability of data regarding the
sewer network. The boundary of the modelled area is shown in Figure 15. Sewer network
data was obtained from the pre-existing models of the city of Antwerp, developed by
Aquafin. Models’ subcatchments were completely rebuilt by means of a detailed digital
terrain model (DTM) and land cover maps.
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Figure 15: 2D zone extent of the Antwerp pluvial flood model. Internal holes (donuts)
represent zones with water such as ponds or port infrastructure

The urban flood model for the city of Antwerp has been set up in InfoWorks ICM in two
versions: a 1D-0D (flood cones) model where excess water is stored in virtual flood cones
created on top of manholes; and a 1D-2D model that allows mapping of the flooding extent
by routing water through a 2D mesh by means of the shallow water equations. In the latter
approach, several objects are required to describe and define the 2D-mesh: a 2D zone,
voids, mesh, infiltration and roughness zones and infiltration surfaces. Figure 16 gives an
illustration of these objects together in what would be the final state of a 2D mesh in
InfoWorks ICM.

Figure 16: Unstructured 2D mesh representation. Triangles represent individual mesh
elements.
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Basic data used in the model building process, such as topography (DTM) and land cover
maps, were obtained from the publicly available database of the Geographical Information
Agency of Flanders (AGIV). These maps contain very detailed, 1-m resolution data.
However, in this product, information on the elevation of buildings is lost. Because the
presence of buildings modifies the drainage flow paths, they should be included. Therefore,
at the location of building blocks, the DTM’s elevation values have been artificially modified
by increasing them (Figure 17).

Figure 17: Comparison of DTM before and after buildings are added

a) Original DTM

b) DTM with buildings added

Some inconsistencies have been found along the sewer network model implementation.
They have been inherited from the pre-existing versions of the model. They mainly consist
in inverted pipes endings and pipes with negative gradients (see examples in Figure 18). In
the case of the first, an algorithm implementation to identify, and if possible automatically
correct these errors, is in progress. For the second, since it is more difficult to determine if
they are model implementation errors or construction deficiencies, a case by case analysis is
required.
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Figure 18: Top figure: Longitudinal cross section in sewer network with one pipe with
inverted ends; Bottom figure: Inconsistencies in pipe gradients.

It has been detected that outfalls invert levels are quite low in relation with water levels in
the downstream Scheldt river (Figure 19). This situation will reduce the draining capacity of
the system, especially when intense storms coincide with high water levels in the Scheldt (as
a consequence of high tides). A similar situation is found for outfalls discharging in the
Lobroekdok. Therefore, a sensitivity analysis was conducted to investigate the influence of
these downstream water level boundary conditions.
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Figure 19: Location of outfalls in the model and percentage of time outfall are partially or
fully submerged

In the model, building blocks were determined using information from the land cover map.
Since there is also cadaster information available (GRB maps) for Flanders, this information
could be used to define the location of building blocks. Later, a comparison of the final
result obtained by using the land cover maps and the cadaster information could be made.
In urban drainage modelling, it is common practice to only consider the main collector
system as part of the sewer network. In other words, curbs and street inlets are neglected
and surface runoff is directly delivered to the manholes. It is planned to explicitly implement
these street inlets, in a reduced model extent, to assess the impact that their inclusion could
have in the final results of flooding extent.
Implementation of manholes with flood type “Gully 2D” is also foreseen. In addition to data
on head-discharge curves obtained in the literature, data obtained in experiments on streets
inlets, carried out at the Hydraulics Section of KU Leuven, could be used during this
implementation.
More details about the pluvial urban flood model implementation process and results can be
found in the technical reports that KU Leuven already prepared on the pluvial urban flood
model implementation and results for the City of Antwerp and that will be finalized the next
months. They consist of three sub-reports: on the model set up, the model input data and
the description of results.

The co-designed Emergency Planning Service for the City of Antwerp will deliver: (1)
changes in the frequency of extreme rain storms and pluvial floods, and related changes in
the pluvial flood risk areas, (2) quantified impacts on the disaster emergency planning, (3)
revised emergency planning including revised traffic routes depending on the inundated
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areas. The final goal is to obtain a climate-proof emergency plan for extreme rainfall and
pluvial flood-related disasters.
For (1), KU Leuven used the rainfall climate statistics before and after climate scenarios,
downscaled for the area of the City of Antwerp, to obtain pluvial flood maps. A first version
of these pluvial flood maps is available. These consist of the pluvial flood modelling results
for a number of historical events (Table 16) and for design storms to obtain flood maps for
return periods of 2, 10, 25 and 100 years; the latter for current and future climatic
conditions by 2050 and 2100.

Table 16: Recent historical flood events at Antwerp that will be used for model validation

Figure 20 below as well as Figure A.1 to Figure A.3 in the Annex A show some of the
validation results for the flood event of 30-31 May 2016. The validation is done by
overlaying the flood mapping results for the historical flood event with a heat map of the fire
brigade interventions for that event and after visual inspection of photos obtained through
social media or from newspapers (crowd sourcing).
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Figure 20: Validation of the pluvial flood model results for flood event of 30-31 May 2016 at
the location “Den Bell”

In the next months, further validation of these pluvial flood maps will be organized and the
flood maps eventually refined. This validation will be done by:
1) The maps will be presented to the colleagues of the Antwerp City department that
assists the Antwerp fire brigade with high capacity pumps in case of severe flooding
(SW/O&U). The maps will be compared with all the data of their interventions.
2) The maps will also be presented to the colleagues of the Antwerp City department
that coordinate all public initiatives in the neighbourhoods (Buurtregisseurs). They
will be asked to interview some inhabitants of the impacted neighbourhoods, to find
out if the maps correspond with their experiences in the past.
In a next step, a tool will be implemented to quantify the socio-economic consequences of
pluvial inundation, using readily available spatially referenced land use data (locations of
houses, hospitals, schools, traffic infrastructure such as tunnels, elderly home). Inundation
information will be coupled to (existing) traffic models to assess the impacts on disaster
emergency planning needs (interventions by the fire brigade, police, ambulances;
evacuations), and to compute alternative emergency traffic routes.
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The co-designed Emergency Planning Service for the city of Antwerp, as described in the
previous sections, will be implemented through the following steps:


Implementation of the Service (climate data and pluvial flood maps) will be
integrated into a wider platform of data, including meteorological data, GIS data,
historical data, radar images, citizen science data and data provided by sensors (e.g.
sewer system water levels). This Flood Forecasting Framework is currently being
developed within the scope of the CUTLER project (Ronny Van Looveren).



The climate data and pluvial flood maps provided by the Service will be compared,
combined and added to other climate data sources such as the flood maps that are
currently being developed within the ‘Flooding’ and ‘Waterplan’ projects, to generate
mutual validation and a maximum of spatial scope. Also comparison will be made
with the VLAGG maps, which are pluvial flood maps currently being developed by the
Flemish Environment Agency (VMM) for the whole of the Flanders region of Belgium,
albeit at coarse scale and without consideration of the influence of the sewer system
(the system hydraulics).



An inventory will be made of underground structures within the perimeters of the
flood maps, resulting in an ‘underground GIS’. This information supports decision
making in case of pluvial flash floods: do we have to protect them or can we use
them to provide additional buffer capacity? Several stakeholders expressed the need
about more information on underground cavities (see section 4.6).



The decision making process of the emergency actors involved will be examined,
finding out where and how in this process the provided Climate-fit.city climate data
and pluvial flood maps can contribute to better decision making. For example, the
Antwerp fire brigade and police use files of important public and other buildings that
contain all the useful information in support of the disaster management. We will
examine how these files can be completed, using the Climate-fit.city climate data and
pluvial flood maps.



An inventory will be made of all stakeholders that need to be informed about pluvial
flood risks: public transport management, electricity distribution companies, etc. We
also will find out how they can/will cope with the additional risks as a consequence
of the changing climate.



Online disclosure of the building and environmental permits for the emergency
services, for the industrial zones who are impacted by the additional flood risk.



Development of a generic manual that describes a methodology about all steps that
must or can be taken to raise the preparedness, awareness and citizen resilience of
European cities comparable with Antwerp, as far as flash flood risk is concerned.



Mapping of the shelter possibilities and capacity in case of evacuation.



Integration of the Climate-fit.city climate data, pluvial flood maps and Emergency
Planning Service related GIS data (see previous steps) with the GIS data (100+
layers) that are permanently updated by the city administration. The data that
support the flood mapping will also be updated regularly by information provided by
the sewer authority.
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Table 17 lists the user & stakeholder needs identified in the course of deliverable D2.1
(“Stakeholder Mapping Report”) and indicates, which of them are addressed by the codesigned service.

Table 17: Overview of the user & stakeholder needs addressed by the emergency planning
service
User & stakeholder needs identified in D2.1

Addressed by the codesigned service

The fire brigade, to decide on the type of intervention to be prepared for, hence to
set priorities reg. the equipment.

Yes

For the emergency call service (HC112), to communicate about any extreme
weather event earlier in time, to use the e-form and avoid overloading of the HC112
service.

Yes

To inform the local people in a real time way and give advice on what to do (e.g.
close the cellar openings on the side of the street); to offer solutions, tailored to the
type of event forecasted. Hence, to increase the self-coping capacity of people.

Yes

To assess the indirect consequences such as electricity shut-down, the unavailability
of the main traffic roads, etc., which would allow implementation of alternatives
such as other traffic roads.

Yes

To forecast which hospitals and/or traffic roads will be flooded, such that alternative
roads can be searched for.

Yes

Eventually, to organize the evacuation in case of a severe flood.

Yes

For the traffic management: to forecast which roads remain accessible

Yes

To close underground parking places on beforehand (can also be used for rain
water storage, hence mitigation of the consequences).

Yes

For the operational water management, to increase the storage capacity by
pumping water to the areas where less rainfall is predicted.

Yes

For the public transport: to forecast which lines will still be accessible, and to
communicate this to the people, hence to increase the self-coping capacity of
people who make use of the public transportation.

Yes

In case the underground metro tunnels are predicted to flood: the metro entrances
can be closed on beforehand.

Yes
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Pilot city: OSTRAVA, HODONÍN, PRAGUE
Climate data provider:

Service provider (purveyor):

User-partner:

VITO

GISAT

IURS

This service aims to bring the following information to the user from the field of urban
planners and city administrations: (i) how the structure and development of urban area
influences the climate conditions in the city and (ii) how reasonable and environmentallyfriendly urban planning decisions (or strategies at the city level) can support the mild
climate in the city and mitigate the heat stress, which has negative effects not only on
citizens, but also on the economic performance of the city and the city-region.
On the technical level, this service case will provide the (city-)users with an interactive tool,
which enables them to interactively model the impact of various urban planning decisions
and strategies on the future climate of the city. Such service will provide a strong scientific
support for urban planning departments and city representatives – basically, it will enable
them to assess the environmental impact of the urban planning decisions and strategies, as
well as the impact of commercial developers’ intentions on local climate conditions.
For this purpose, the service will be demonstrated on two main levels of geographical detail
(two main scales):


First, on the city level – this will show how different urban planning strategies can
positively or negatively influence the climate of the city as a whole, in particular the
temperature conditions, and which strategies can potentially help to mitigate the
effect of urban heat island of the city in the future.



Second, on the sub-city or neighbourhood level – this will demonstrate, on specific
examples, how the urban planning intentions and decisions can affect the local
climate conditions.

As a result, the cities will be able to assess and justify their strategies, in the sense of
providing evidence of their environmental-friendliness. Also, they will be enabled to assess
the impact of specific intentions of developers on the climate conditions in the city, which
can help them to decide, which intentions should be realized and which not, from the
environmental point of view.

The workflow of the service co-design and implementation is as follows:
-

activation of pilot users (Prague, Ostrava, Hodonín) and new potential users and
stakeholders (Regional Development Agencies etc.), mostly from the Moravian
Region, Czech Republic (IURS)

-

organization of initial users´ workshop in Ostrava, presentation of the project,
discussion of the city climate topic with stakeholders (IURS, GISAT)
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-

gathering and analysis of users´ requirements on city climate services (IURS, GISAT)

-

specification of the urban planning service structure, based on users´ requirements
as well as data and modelling feasibility (GISAT, IURS, pilot city users)

-

gathering relevant information and input data from pilot city users (IURS, GISAT)

-

provision of the land use layers 2D or 3D for the city or smaller area of interest
(GISAT)

-

import of these layers into the UrbClim model and generation of climate maps or
preparation of the city specific neural network model, which then serves for
interactive scenario modelling (VITO)

-

integration of the climate maps and neural network model into the interactive web
tool operated by GISAT (GISAT)

-

development of interactive functionalities and components like charts and widgets,
which will support the interactive visualisation and analysis of the data in the
platform, as well as the interactive urban planning scenario modelling service
(GISAT)

-

provision of access to the platform with results and interactive service to the user
(online access) and workshops which will show the users how to use the web tool
and interpret the data (GISAT, IURS)

-

assessing urban and regional planning practices in relation to possible climate
change in pilot areas (IURS)

-

land use issues – in pilot areas – built up area and planning built up area-meetings
with city representatives (Ostrava, Hodonín) (IURS)

-

analysis of threats in pilot areas in connection with possible changes in land use and
climate changes (IURS)

The fundamental condition of the successful urban planning service specification and
implementation is a close cooperation between the climate data provider (VITO) and the
urban planning service purveyor (GISAT). In general, the purveyor is responsible for
specifying the urban climate modelling output as well as for collecting and delivering some
of the input data needed by the UrbClim climate model. This, in particular, covers the
collection of the land use/land cover databases. The next step, which is on the side of the
climate data provider, is to import these land use/land cover layers into the UrbClim model
and run the modelling in order to generate or prepare:
-

temperature maps for defined areas in low (100 m) or high (10 m or better, based
on quality of source data and on size of area of interest) resolution (in time-series
where appropriate)

-

layers representing indicators (describing urban heat island) over the whole timerange of the time-series

-

neural network model, which will enable to recalculate these indicators each time the
input land use layer is modified – and which will serve as a basis for the interactive
urban planning service

57

As a next step, the purveyor (GISAT) will integrate both these modelling results and the
neural network model into the web tool solution, which enables the user to visualise and
interactively analyse the climate data and indicators generated by the UrbClim model as well
as to interactively model various scenarios of the urban land use development of the city
and assess their impact on climate conditions of the affected area. Also, GISAT will be
responsible for providing reference meteorological datasets and validation of
climate/temperature modelling results.
The climate data provider (VITO) and the purveyor (GISAT) agreed on nomenclature of the
land use/land cover datasets, which will be used for the service. It was decided, that it is
most appropriate to use the Copernicus Urban Atlas nomenclature, the version for the year
2012. There were two main reasons for this decision:
-

First, the Urban Atlas nomenclature distinguishes better (than CLC) between
different types of urban land and thereby enables to generate more precise results.

-

Second, this will secure full comparability of the service results over Europe –
because all larger EU28 + EFTA cities are covered by the Urban Atlas layer.

The climate data provider (VITO) was then responsible for adjusting the nomenclature,
which is used in the model (originally, the Corine Land Cover nomenclature has been used
for the input land use/land cover data, which, however, has coarser resolution in sense of
both spatial detail and nomenclature).
Also, there was an agreement made on the input data format. Originally, there was an
incompatibility because the Urban Atlas layer is standardly generated as a vector layer
(shapefile with polygons), but the UrbClim model only works with the raster data. This has
been bridged through introducing of rasterization of the vector layer as the initial step of the
modelling process. Also, there was an incompatibility regarding the geographic projections –
while the UrbClim model standardly works in WGS84 projection (ESPG4326), the Urban Atlas
is available in ETRS_1989_LAEA (ESPG3035). It was decided, that the projection used will
be the WGS84, which requires a transformation (reprojection) of the input Urban Atlas data
as an initial step. GISAT as purveyor of the service is responsible for integrating these two
algorithms (rasterization and reprojection) into the service.
Also, there is a condition for the UrbClim model, that it only works with square format of the
raster dataset (the raster has to have the same number of pixels in both x and y direction).
Therefore, the user is strongly recommended to specify a square format for his AOI (not
universal rectangle).
After that, the format and character of the UrbClim modelling results have been agreed. It
has been decided, that results will be generated for both larger pilot cities – Prague and
Ostrava – at a medium resolution (100 m), representing basic climate variables:
temperature in 2 m above surface, wind speed in 2 m above surface, relative humidity and
rainfall. These maps will be generated in hourly time-series, as a prediction for the future,
towards time horizon 2030-2050. After that, a neural network model, which serves for
generating two indicators describing urban heat island (UHI and HWD, see chapter 5.4.2),
will be prepared by VITO and provided to GISAT. The model works in MATLAB environment
and GISAT is then responsible for integrating this model into the web tool and making it run
in order to implement the interactive urban planning service and enable the user to regenerate the indicators each time the updated land use input is provided and to simulate
various city development scenarios.
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It was agreed, that the high resolution modelling will be demonstrated on smaller areas of
interest inside two of the three pilot cities – Prague and Hodonín – with preference on
Prague city area of interest. For that purpose, GISAT is in charge of providing input 3D data
(representing shapes of buildings and trees), which are necessary for the high resolution
modelling.

The initial step of the communication between the purveyor and the users was the
organization of the introductory users´ workshop. The workshop has been organized by
user-partner IURS. It took place in Slezska Ostrava city hall and the invitation was sent to all
relevant stakeholders, mostly from Moravia – both Moravian-Silesian Region and Southern
Moravia – and also from Prague. In particular, pilot users from Prague, Ostrava and Hodonín
cities were present at this workshop, but also other relevant stakeholders like regional
development agencies, etc. First, GISAT and IURS presented the concept of the Climatefit.city project, of the UrbClim model and of the urban planning service. After that, there was
a discussion about the situation with climate services in pilot cities, about specific users´
requirements and also about what the planned service could bring for the users. This
workshop and its outcomes are described in detail in deliverable D2.1.
The interaction with the users continued after the workshop, mostly via e-mail conversation.
IURS was responsible for coordinating users and GISAT for specifying and explaining
technical requirements and issues. In particular, the requirements on the spatial resolution,
time-scale and area of interest for modelling were explored. It was agreed, that as a basic
version of the service, a medium resolution climate data in 100 m pixel size covering entire
cities, will be prepared for Prague and Ostrava. For the predictions, the users were
interested in modelling the period 2030-2050. This will be accompanied by preparation of
the neural network model (VITO) for this 100 m version, which will enable to implement the
interactive urban planning service for scenarios modelling (GISAT). Users are highly
interested in high resolution (HR) temperature data. Therefore, the HR modelling will be
tested on selected smaller areas inside the cities. The city of Prague identified its area of
interest in Dejvice, which is mostly a residential quarter near the centre of the city, but not
directly in the centre. In the near future, an essential urban development is planned in that
area. Hence, it is planned that the urban planning service enables to model different
development scenarios in this area and assess their impact on local temperature conditions.
For Hodonín, as a quite small town, a HR model for a small area in the city with expected
urban development will be prepared. A local urban planning database containing information
about the urban land use in the city has been provided by Hodonín city for the purpose of
this project. This covers both current status and illustration of development intentions in the
near future. This 2D land use input information will be complemented by a 3D city model,
derived from OpenStreetMap. For Ostrava, it is crucial to prepare a version of the
temperature maps with and without heat heaps, in order to assess the effect of the heaps
on local climate (see Figure 21).
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Figure 21: Ostrava city pilot – effect of heat heaps to be modelled by the urban planning
service

The main input for the interactive urban planning service will be land use or land cover
information. For the cities, this information is usually represented by spatial urban planning
databases, which are describing structure and distribution of urban land use types in the city
and surrounding area. There is a direct link between the urban structure and climate,
because different types of urban land use are characterized by different climate conditions.
In general, the local climate conditions of the particular area depend mainly on the following
factors:
-

Level of sealing (imperviousness of the surface) – concrete or tarmac surfaces, like
parking lots, etc. x pervious surfaces covered by vegetation or water

-

Percentage of vegetated surfaces or presence of water bodies

-

Amount and shape of trees

-

Structure of buildings

Each type/class of urban land use (see Figure 22) has a specific combination of these
factors. E.g. the downtown area in the city centre shows the most disadvantageous
conditions with respect to urban climate. With mostly sealed surfaces, very dense buildings´
coverage and narrow streets, without trees or water bodies, both temperature and heat
stress in such areas will be extreme on hot summer days. This is similar for industrial or
commercial areas, which are also usually almost exclusively covered by sealed surfaces
(concrete or tarmac parking lots) and large buildings, and the effect of such structures on
the local climate is very negative. The climate conditions are much better in areas, in which
both density and heights of buildings decrease, and where the percentage of unsealed
surfaces, often covered by vegetation like trees, is higher – typically in residential areas.
Here, the rule is, that the lower the density of houses in residential areas (which, logically,
increases the percentage of green areas with trees, like gardens, in the neighbourhood), the
better the local climate conditions. And of course, the urban green areas or water bodies
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have the most favourable local climate (thanks to cooling effects of vegetation and water
surfaces).
The urban planning service builds on the proven fact, that the structure of the city has direct
effect on the local urban climate in the particular area in the city, as well as on the “global”
climate of the whole city. In principle it holds that the greener the city the better its climate
and temperature conditions.

Figure 22: Different types of urban land use, which affect local urban climate conditions

The biggest added value of the urban planning service is that it will not only show the user
the above described dependencies and patterns, but most importantly will enable the user
to test and model on his own, how a modification of the urban land use effects the urban
climate conditions (especially temperature). The user will be enabled to modify the input
urban land use data/layer and to re-calculate the temperature maps for the city, which
enables him to immediately follow the effect of the specific urban planning scenarios on the
city climate and temperature.

As mentioned in the chapter 5.2.1, it was decided that the standard land use/land cover
input for the urban planning service will be represented by the Copernicus Urban Atlas layer
(see Figure 23).
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Figure 23: Copernicus Urban Atlas with EU28 + EFTA coverage (for functional urban areas)

The Copernicus Urban Atlas is an open geo data set, with EU28 + EFTA coverage for
Functional Urban Areas. Data are available at https://land.copernicus.eu/local/urbanatlas/urban-atlas-2012/view. The producer of the dataset is a French company SIRS. The
dataset covers all larger cities in EU28 + EFTA and their surrounding areas. Using this layer
as input, land use information will secure transferability of the service to all larger EU28 +
EFTA cities and also full comparability of the results over Europe. Moreover, the same
dataset is available for the year 2006, which potentially allows following real changes in the
urban structures between 2006 and 2012 and their effect on urban climate. A regular 3yearly update of this dataset is planned towards 2015 (in progressed, almost final), 2018,
etc., which will allow to follow changes in the future.
Copernicus Urban Atlas is a vector polygon layer, and it represents a detailed classification
of urban and sub-urban land. It contains more than 20 classes, most of them describing
different types of urban land use. It distinguishes not only between the residential,
industrial/commercial units and green and open spaces, etc., but also between various
densities of urban fabric (see Figure 24).
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Figure 24: Copernicus Urban Atlas (2012) for Prague and surrounding functional urban area

Regarding the three cities selected as pilots for the Climate-fit urban planning service, the
Urban Atlas layer is only available for Prague and Ostrava. Hodonín is so small, that it is not
covered by this layer and therefore a local urban planning database will have to be used for
this town.

For the cities, for which the Copernicus Urban Atlas is not available, this layer can be
operatively substituted by any local urban planning layer, with Urban-Atlas-like
nomenclature. This is the case e.g. for smaller cities (like Hodonín, see Figure 25) or for
cities located outside EU28 + EFTA or even outside Europe. In such cases, any land
use/land cover classification layer can be used, but its nomenclature has to be adjusted
appropriately by the service provider. It means, that a re-classification has to be done,
which maps each class of the nomenclature to the most similar one from the Urban Atlas
2012 nomenclature. This can also be done by any urban land use or urban planning expert,
who understands the character of the urban land use types or classes.
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Figure 25: Local urban land use layer, provided by Hodonín city

For high resolution modelling, it is necessary to complement 2D information about land use,
which is provided by standard land use mapping layers like Urban Atlas, by 3D information,
which illustrates not only distribution, but also heights and shapes of buildings and trees in
the city.
Regarding the 3D model input for buildings, it is always possible to use the 3D model from
OpenStreetMap. This was also our initial intention. However, as we checked the quality of
this layer, it got obvious, that many buildings are missing in the dataset. Therefore, it was
decided to (i) use alternative 3D models, wherever available (Prague) or (ii) to either
demonstrate the service only on a smaller subset of the city, for which the 3D OSM model
coverage is complete, or can be manually edited and missing buildings added to the dataset
via digitalization (Hodonín) (see Figure 26).

Figure 26: Incomplete OSM 3D model coverage – Hodonín (left), Ostrava (right)
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For the city of Prague, 3D models in various formats are available as open data, which can
be directly downloaded from the portal of the city of Prague5. From this data source, some
types of 3D datasets were tested (see Figure 27).

Figure 27: Visualisation of 3D model for Prague (available as open data on the city portal)

Figure 28: 3D model for Prague (available as open data on the city portal)

5

http://www.geoportalpraha.cz/en/main#.WudcC1EzVaQ.
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Finally, it was decided to use a combination of:
-

digital surface model; raster in 1 m pixel size, which contains both buildings and
trees, with absolute heights above sea level (altitudes) – see Figure 28, top right

-

digital terrain model; raster in 1 m pixel size (only terrain, without buildings and
trees) – see Figure 28 bottom left, green-red scale

-

buildings in relative heights; raster in 1 m pixel size; violet layer bottom row
(some buildings are missing, as indicated by green circles in the bottom right picture
in Figure 28 – these will be added manually)

The second and third of the above listed datasets are used as a complementary 3D
information, which enables to identify trees from the digital surface model (because there
was no standalone model of trees available for Prague).

There will be three main parts of the urban planning service, each of them focusing on
different levels of spatial detail (scale) or bringing different types of information or service:
-

Climate maps for the city level (medium resolution, MR) as time-series and
their interactive visualisations in the web tool

-

Interactive urban planning service with tools for scenario modelling

-

Climate maps for the local level in high resolution (HR) including local
development scenarios and their interactive visualisations in the web tool

All of them will be framed and presented by the interactive analytical web tool, which is
an online platform for visualisation and interactive analysis of geospatial data. This will
be prepared in order to display the products in interactive maps and charts and to enable
the user to benchmark different time horizons with each other, follow the time-series or to
display different scenarios of the city development. In addition, it will bring analytical
features for selecting, filtering, benchmarking or downloading products, time horizons,
analytical units or derived indicators.

The first type of service results will be time-series of climate maps at city level and their
interactive visualisations in the web tool. The maps will present values of the following
climate variables:
-

Temperature at 2 m above surface
Wind speeds at 2 m above surface
Relative humidity
Rainfall

The listed variables will be prepared and presented in hourly time steps, as raster data in
100 m spatial resolution. These basic products are generated by the UrbClim model,
operated by VITO. The output format is NetCDF, which is a cube containing values for the
same area for many different time horizons. These products will be prepared for Prague and
Ostrava, covering each time the entire city. First, a time-series of historical data is generated
(2007-2016) in order to test the processing chain and to enable proper validation through
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comparison with local meteorological measurements. Second, a prediction time-series will be
generated, predicting climate conditions towards 2030-2050, dealing with two different RCPs
(4.5 and 8.5).
The added value of the urban planning service will be the integration of these datasets
into the web tool and the preparation of interactive visualisations, which will bring this
product directly to the user in an attractive and easy understandable way. The tool will be
designed in a way that enables the user to display and interactively analyse such huge
hourly time-series of geo-based data layers in interactive multiple-map windows and
synchronized analytical charts. It will allow the user to select any variable and any time
horizon of the climate data. Various types of time-series will be pre-defined, like yearly,
monthly, daily or hourly and the user will be enabled to select the hour, day, month or year
of his interest. The data for specified time-series will be directly displayed in interactive
multiple map windows and in interactive analytical charts. In addition, average climate
values will be calculated for statistical units, like sub-city districts or regular grid cells or at
the level of the whole city and displayed in interactive charts and tables in order to allow
comparison, benchmarking and filtering of analytical units.

Figure 29: Visualisation of the results (temperature maps in time-series) in the interactive
online analytical web tool interface

Technically, the web tool is based on open source components, runs on Linux operating
system with Apache web server, using the Apache Tomcat as Java Application server. This
framework has been developed and is owned by GISAT, so there is no need for any
additional SW licence for its implementation and operation.

The second and most important part of the urban planning sectoral case is the interactive
urban planning service. This will be dedicated to the development and implementation of an
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interactive tool, which enables the user to interactively model different scenarios of the city
development. As described in chapter 5.3, the presumption for this service is that a
modification of the land use structure causes a modification of the local (or city) urban
climate (as demonstrated in Figure 30).
This part of the service will exploit principles and statistical models developed for pilot cities
in the frame of medium resolution climate modelling (see section 5.4.1). Based on this MR
modelling VITO will prepare a neutral network model for each city which will allow recalculating the temperature data each time the input land use information is modified. This
model will be integrated into the web tool platform and additional components and
functionalities will be added in order to operate the model, as well as to modify the input
land use data and to display results for various scenarios and various sites of interest.

Figure 30: Concept of the interactive urban planning service - change in the local land use
(construction of large industrial/commercial zone) which led to significant
increase of local surface temperature (monitored by Landsat satellite); Prague
north-east area

This service is being designed in close cooperation between GISAT and VITO, as VITO
prepares a neural network model for each pilot city, which calculates temperature maps
for the following 2 heat indicators:
-

Urban Heat Island (UHI) Intensity (represents average difference in 2 m air
temperature with the coldest location in the model domain at the moment of
maximum urban heat island intensity)

-

Mean Number of Heat Wave Days (HWD) per Year (several definitions exist for
this indicator, but we use one in which the minimum temperatures – and hence the
urban effect – is included; heat-wave day is defined as a day during which both the
three-day running average minimal and maximal temperature exceed a threshold,
taken as the 98th percentile of the rural minimum/maximum temperatures during the
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summer period. The rural value is defined as the spatial 10th percentile of the model
domain)
These two indicators have been selected because they describe and show very well the
phenomena of the urban heat island, i.e. how the temperature and the heat stress is
concentrated in the city, especially in its centre, in comparison with surrounding sub-urban
areas. First results for the Prague area are illustrated in Figure 31.

Figure 31: Indicators describing urban heat island of the city (UHI and HWD), first results
for Prague area

This neural network model will be integrated into the web tool, which is prepared by
GISAT and additional interactive components and functionalities will be developed (by
GISAT), which will enable the user to modify the input land use layer (as an illustration of
different urban planning scenarios) and to re-calculate the two above described climate
indicators for every new scenario, as well as to compare different scenarios with each other.
In particular, this will enable the user to:
-

download the current version of the land use layer (so it can be modified in the GIS
suit which is standardly used by the user/institution and which the user is familiar
with)

-

define a new domain of interest (can be defined geographically, like area of interest
or/and thematically like e.g. greening scenarios with various levels of greening of the
city in % for each scenario)

-

create a new urban planning scenario either through:
o

upload of a modified version of the input land use layer

o

modification (re-classification) of the land use layer online, directly in the web
tool interface

-

re-calculate the temperature indicators for the new scenarios and display them
directly in the web tool interface

-

compare various city development scenarios with each other

-

zoom to the specific area of interest (if not represented by the whole city) and
prepare a thematic visualization which will enable the user to explore how different

69

local urban planning scenarios effect the local climate/temperature conditions in this
area of interest
-

integrate and display additional layers, representing features which can be relevant
for the climate conditions of the city or area of interest (e.g. distribution of trees or
typically 3D models of buildings in the city/area)

Figure 32: Illustration of the interactive urban planning service – first results for Prague:
land use has been modified in locations, which are highlighted by black circles –
current status (left), hypothetical urban land development scenario (right);
(input land use layer – top, middle – UHI indicator, bottom – HWD indicator);
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The concept and first results of this interactive scenario modelling service are illustrated in
Figure 32. The upper picture shows the input land use dataset – Urban Atlas for Prague city
area. The middle and bottom picture show the results of modelling – two maps illustrating
the distribution of values of the indicators UHI and HWD.
For the purpose of service concept demonstration, original land use (top left) has been
modified in some locations (which are highlighted by black circles) – as a reflection of a
hypothetic city development scenario. The effect of this (in this case only virtual)
modification of the land use is clearly visible on the re-calculated maps of both indicators
(right).

The third part of the urban planning service will be the preparation and visualisation of the
HR models (10-1m pixel size) of a heat stress indicator for the selected small areas of
interest, which will be defined by each pilot city. This HR product will not be prepared in the
form of time-series, but only as an illustration of a typical hot summer day in the city. First,
the current status of the local climate conditions will be modelled for the area of interest.
After that, various future urban planning scenarios and their effect on local climate
conditions will be modelled and assessed.
In case of pilot user Prague, the area of interest has been already defined (Dejvice, see
Figure 33). This area is currently intended for intensive urban development in the next years
(an architectonical contest is already running).

Figure 33: Dejvice AOI in Prague – area selected by the user for HR modelling

Figure 34 shows the first version of the HR product (with 1m pixel size) for the Prague AOI,
as defined by the city user – see Figure 33.
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Figure 34: First version of the HR product - heat stress indicator map - prepared for the
Dejvice AOI in Prague

The result of this HR modelling will as well be presented in the interactive web tool, which
will enable the user to visualise, analyse and compare the results for different development
scenarios online. This visualisation will not only allow to display the HR temperature map,
but also a 3D model of the city, which will help the user to get the overall impression about
the situation in this area of interest – especially how the structure of the buildings (and
trees) influences the local climate in the city.

The urban planning service will have the character of standalone products and tools:
-

Results of MR modelling (100 m, city level) for all three pilot cities – raster
temperature maps in hourly time-series

-

Results of MR modelling (100 m, city level) for all three pilot cities – indicators
representing average values, calculated for analytical units (sub-city districts; whole
city or regular grid cells), in hourly time-series

-

Results of HR modelling (10-1 m, sub-city level) for city subsets selected by users –
heat stress indicator map, situation for one hot summer day + few development
scenarios for the area of interest

-

An interactive urban planning tool, which will enable the user to model different
urban planning scenarios on his own

-

A web platform for visualisation and interactive analysis of the results (which will
integrate and present all other above described products/tools)

All these products will be delivered and presented to the users by the service purveyor
(GISAT) together with IURS and its members. The purveyor will provide the user with
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explanation and guidelines on how to use these products and tools and instructions on how
they can be beneficial for his work and decision-making processes in the city. After that, all
these products will be made available online for pilot users and also as a demonstration of
urban planning service potential for market replication cases and potential future
commercial users.
If requested by the pilot users, the first version of the results can be further adjusted. This
concerns data products as well as the interactive web tool and its design, components and
functionalities. The interactive web tool will be available online from any location with
internet access. It will be deployed on GISAT´s server and maintained by GISAT.

Table 18 lists the user & stakeholder needs identified in the course of deliverable D2.1
(“Stakeholder Mapping Report”) and indicates, which of them are addressed by the codesigned service.

Table 18: Overview of the user & stakeholder needs addressed by the urban planning
service
User & stakeholder needs identified in D2.1

Addressed by the co-designed service

Prepare medium resolution temperature maps in hourly timeseries for the whole city, prediction 2030-2050

Yes

Prepare a HR temperature model for area of interest in the city

Yes

Model urban heat island and heat stress indicators for the city

Yes

Make the results accessible online and enable user-driven
interactive analysis (through user-friendly web tool/platform)

Yes

Prepare an interactive tool/service which will enable the user to
model his own scenarios, in order to assess the impact of urban
planning decisions and strategies on the climate conditions in
the city

Yes

Model various urban development scenarios of the city (both in
MR and HR) and make them accessible to users

Yes

Model the impact of the heat heaps in Ostrava on local climate
conditions

Yes

Explore how the urban climate modelling can be effective for a
smaller city

Yes (Hodonín)

Support climate adaptation strategy of the cities through
provision of scientific support, datasets and tools on urban
climate monitoring and modelling

Yes

Provide the city users with products and tools, which will help
them to enforce and justify environmentally-friendly urban
planning decisions and strategies

Yes

Provide the city users with products and tools, which will enable
them an independent scientifically-based assessment of the
intentions of commercial developers

Yes
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Pilot city: VIENNA
Climate data provider:

Service provider (purveyor):

User-partner:

VITO, (KU Leuven)

JR

Bike Citizens

The active mobility climate service aims at providing information on the weather and climate
sensitivity of a city’s active mobility traffic and a city’s current and future climate
attractiveness for active modes of transportation, including spatial and temporal variations.
This information allows identifying regions or routes that are, for example, particularly
exposed to heat or wind now and/or in future and hence show a need for special adaptation
measures (e.g. shading, greening, water dispensers, etc.) in order to improve the climate
resilience of active mobility in cities. Developed in a co-design process by JOANNEUM
RESEARCH (JR, “purveyor”) and Bike Citizens (“end-user”), the service focuses on the active
mobility mode “cycling” in a first stage. It analyses the influence of weather and climate
variability on urban cycling and provides information on (i) spatial variations in a city’s
climate attractiveness towards cycling, i.e. which parts of the city are particularly exposed to
meteorological conditions considered unattractive by cyclists under current and future
climatic conditions, as well as on (ii) temporal variations in a city’s climate attractiveness
towards cycling, i.e. how the climate attractiveness changes over the course of a typical
year.
The service is supposed to support urban developers, traffic planners and public authorities
in strategic planning. The figures and maps provided by the service will allow answering
questions such as:


Which regions or routes show the highest exposure to climatic conditions
unfavourable for cycling (extreme heat, high wind speeds, etc.) at typical spring /
summer / autumn / winter days?



How often do unfavourable weather conditions (e.g. high wind speeds, low
temperatures, extreme heat, rain, snow, etc.) occur that cause reductions in the
city’s daily cycle traffic of more than xx %?



How will the climate attractiveness of regions or routes for cycling change in future?

Insights gained from the active mobility climate service are planned to be integrated into
“Bike Citizens Analytics”6, a tool that visualises bicycle traffic data for urban planning (see
Box 1 in section 6.5 for further details). This way, “Bike Citizens Analytics” will be enhanced
by cycling-tailored climatic information.

6

https://www.bikecitizens.net/new-analysis-tool-visualises-bicycle-traffic-data-urban-planning/
[Accessed: February 2018].
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The co-design and co-development of the active mobility climate service involved the
interaction between climate data provider VITO, service purveyor JR and user-partner Bike
Citizens. The forms of interaction ranged from discussions in physical and online meetings to
the exchange of information and data. Figure 35 gives an overview on the key steps of the
co-design and co-development process between climate data provider and service purveyor
as well as between service purveyor and user-partner for the active mobility sectoral case.
These key steps include (1) the development of a service concept, (2) refinements of the
initial service concept, (3) the development of test versions of the service, and (4) the
finalization of the service prototype or demonstrator.

Figure 35: Key steps of the co-design process in the active mobility sectoral case
provider
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The co-design and co-development process already started in the proposal phase. For
developing a first concept of the planned climate service, purveyor JR collected basic needs
from user-partner Bike Citizens as well as basic information on the available urban climate
data from VITO by means of virtual and physical meetings. Further details on user needs
resulting from (i) intensified interactions between purveyor and user (including data
exchange) and (ii) a workshop with additional local stakeholders (see Climate-fit.city
deliverable D2.1 for details) as well as further details on urban climate modelling from the
provider formed the ground for first refinements in the initial service concept. Based on this
refined concept, urban climate data needs were defined in a two-stage process between
climate data provider VITO and purveyor JR. This process consisted of an online survey
collecting basic information on urban climate data needs and a virtual meeting for
clarification purposes, including the feasibility of the data requests. Following the
development of some preliminary outcomes and test versions of the service, purveyor JR
again gathered feedback from user-partner Bike Citizens. The final feedback-loops of this
third step are still ongoing and will more or less segue seamlessly into the last process step,
i.e. the finalization of the co-designed service prototype or demonstrator.
A more detailed description of the single key steps of the co-design and development
process is given in sections 6.2.1 and 6.2.2. Whereas the former section focuses on the
process between climate data provider and purveyor, the latter section deals with the
interactions between purveyor and user. Besides the development process of the service,
new insights gained during the co-design and development phase as well as implementation
choices made during the process are described.

(1) Development of the service concept
The co-design process between climate data provider VITO and service purveyor JR started
in the proposal phase. VITO provided some basic information on the available urban climate
data and gave feedback on JR’s and Bike Citizens’ initial service concept, particularly with
respect to its feasibility (see section 6.2.2 for further details).

(2) Refinements of the initial service concept
Early in the project – and hence prior to intensified interactions of purveyors with userpartners and additional stakeholders – climate data provider VITO (and KU Leuven)
delivered a report with an overview on their modelling methods and the available urban
climate data to get purveyors aware of the possibilities and limitations. The report was
provided prior to the intensified interactions of service purveyors with user-partners and
additional stakeholders in the course of the user needs collection process.
In a two-stage interaction process between provider VITO and purveyor JR the collected
user needs were translated into urban climate data needs of the active mobility service.
Basic information on the required spatial and temporal resolution, time horizons, climate
change scenarios, variables, and data file formats were queried by means of an online
survey. In a virtual follow-up meeting, the feasibility of the requested data and further
details – including amongst others the preferred coordinate projection – were clarified.
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Based on the collected user needs and feasibility considerations it was decided that VITO
provides the following urban climate data for the broader metropolitan region of Vienna (see
also deliverable D5.1):


Parameters (hourly): air temperature, relative humidity, wind speed and direction,
rainfall, thermal comfort (wet bulb globe temperature), global radiation



Parameters (daily): snowfall, snow depth



Historical period: 1987-2017 (driven by ERA-Interim); 2010-2016 (driven by ERA5)



Future period: 2036-2065 (RCP4.5 and RCP8.5)



Horizontal resolution: 100 m, except for the parameters rainfall, global radiation and
snowfall, which are not dealt within VITO’s urban climate model UrbClim. These
parameters are taken from the large-scale models used to drive the UrbClim
simulation and are hence only available as an average for the entire city. Future
projections on rainfall are however planned to be downscaled to a local
measurement station by KU Leuven.
In a later step, thermal comfort might also be provided on a 10 m resolution for
selected parts of the city and selected days in the past.



Coordinate projection: EPSG 31256



Data format: NetCDF

In addition, it was decided to use a region-specific land cover description (instead of the
CORINE dataset) as boundary data for running UrbClim, i.e. the three-dimensional city
model of Vienna. Its coordinates are stated in the Austrian coordinate system Gauss-Krüger
in the meridian strip M34 (EPSG 31256). The data, provided by the City of Vienna, is open
access7.

(3) Development of test versions
Based on the urban climate data provided by VITO for the historical period, some test
versions of potential service outputs were developed.

(4) Finalization of the service prototype or demonstrator
Urban climate data for the future period is currently in preparation. It will be used to extend
the service to show Vienna’s climate attractiveness towards cycling not only under current
but also future climatic conditions.

(1) Development of the service concept
In accordance with Christel et al.’s (2018, p.111) recommendation of “[…] collaboration with
potential users from an early stage of the service design process […]”, basic needs of userpartner Bike Citizens were already identified within the proposal phase by means of physical

7

https://www.wien.gv.at/ma41datenviewer/public/start.aspx.
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meetings with purveyor JR. Two ideas about the service’s fundamental orientation resulted
from the collaboration at this early stage:
a. A service that provides the weather sensitivity of active mobility (particularly cycling)
together with real-time data and short-term forecasts on relevant meteorological
parameters, allowing the implementation of a weather-optimized routing option in
Bike Citizens’ online route planner and app (target group: cyclists)
b. A service that provides information on spatial and temporal variations in a city’s
climate attractiveness towards active mobility (particularly cycling), to be either
integrated into
o

Bike Citizens Analytics (target group: planners), allowing climate-inclusive
traffic planning, or into

o

Bike Citizens’ online route planner and app (target group: cyclists), allowing
the implementation of a climate-optimized routing option.

Option (a) was however dropped again in the proposal phase on the grounds of being out of
the call’s scope, whose focus was on climate rather than weather services.

(2) Refinements of the initial service concept
In physical meetings between purveyor JR and user-partner Bike Citizens further details on
the user-partner’s needs were exchanged. Bike Citizens showed a preference for integrating
the information on climate attractiveness rather into their Analytics tool than into their route
planner, since they regarded this information as being of higher relevance for planning
purposes (cycling infrastructure, adaptation measures, etc.) than for real-time routing. Thus,
it was decided to tailor the service design to the needs for planning purposes. Based on this
decision, user partner Bike Citizens presented its Analytics tool in order to provide purveyor
JR with a deeper understanding of their needs and requirements with respect to climate
information. In addition, Bike Citizens provided tracking data covering the period 01.01.2015
-31.08.2017 as an input for the service. The usage of this tracking data is regulated by a
data license contract between Bike Citizens and JR.
The perspective and needs of further potential users were collected by means of a workshop
with additional local stakeholders (see Climate-fit.city deliverable D2.1 for details).
Stakeholders were supposed to have the complete freedom in formulating their needs.
Hence, they were neither restricted to a particular time frame (historical, real time, short/medium-/long-term future) nor to a certain “user perspective” (cyclist vs. planner) when
asked about their requirements with respect to a perfect climate service. The workshop
pretty much revealed the same two fields of application for an active mobility service as the
brainstorming during the proposal phase: (1) a rather weather-oriented (i.e. short-term)
service for cyclists (or pedestrians), with real-time and short-term forecasts on cyclingrelevant (or walking-relevant) meteorological conditions in combination with routing and
other services, and (2) a rather climate-oriented (i.e. medium to long-term) service that
supports urban developers, traffic planners and the public authorities in strategic planning.
Given the focus and scope of the Climate-fit.city project, it was decided to stick at aiming at
the latter.
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(3) Development of test versions
During the process of realizing the refined service concept, purveyor JR presented
preliminary results and test versions to user-partner Bike Citizens in order to discuss e.g. the
usefulness of the presented information, display options, output formats, implementation
options, etc. It was decided to deliver the service in two different formats: (i) a detailed
report including maps and figures as well as descriptions of the analysis results and (ii)
selected output data to be implemented into Bike Citizens Analytics (see section 6.4 for
details).
As mentioned above, the final feedback-loops of this step are still ongoing and will more or
less seamlessly segue into the last process step, i.e. (4) the finalization of the co-designed
service prototype or demonstrator.

The co-designed active mobility service combines two different kinds of data: climate data
and non-climate data, where the latter mainly refers to data on cyclists.

Climate input data
The climate data used within the active mobility service is mainly provided by VITO’s urban
climate model UrbClim. To simulate the years 1987-2017, meteorological input data for
UrbClim are taken from the ERA-Interim archive of ECMWF. Additionally, the years 20102016 are simulated using the – not yet completed – ERA5 data set of ECMWF. The terrain
input data UrbClim uses “by default” (i.e. CORINE 2012 land use maps, EEA 2012 soil
sealing map and MODIS satellite-based vegetation cover maps) is accomplished by
information from Vienna’s three-dimensional city model 8 . The following parameters are
made available for the active mobility service: (i) UrbClim simulations on air temperature,
relative humidity, wind speed, wind direction, and thermal comfort at an hourly basis and on
a horizontal resolution of 100 m; (ii) ERA5/ERA-Interim data on rainfall at an hourly basis for
the grid that includes Vienna; (iii) ERA5/ERA-Interim data on snowfall and snow depth on a
daily basis for the grid that includes Vienna (see also Deliverable D5.1).
Future projections on the mentioned parameters are provided for the period 2036-2065
(both RCP4.5 and RCP8.5), based on a large set of climate projection data of the CMIP5 and
CORDEX archives. These future time series are based on the historical records, to which the
climate change signal is statistically added with a bias-corrected quantile delta mapping
technique. Rainfall projections are planned to be downscaled separately to a local
measurement station by KU Leuven.
In addition to the UrbClim simulations and the ERA5/ERA-Interim data, observational data
from a local measurement station – the station of the University of Agricultural Sciences and
Natural Resources (BOKU) – is used (mainly for checking and downscaling purposes). Figure
36 shows the location of this measurement station. Data is available since 2005 in a
temporal resolution of 10 minutes for the parameters air temperature, relative humidity,
8

https://www.wien.gv.at/ma41datenviewer/public/start.aspx.
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global radiation, wind speed, wind direction, precipitation, dewpoint temperature and air
pressure. The data is open access.9

Non-climate input data
Besides climate data, data on bicycle traffic is used as an input for the active mobility
service. Two different kinds of cycling data are available:


Bicycle traffic census for selected routes:



Bike Citizens’ tracking data:

Daily data from up to 12 permanent cycle traffic monitoring stations is available for
the period January 1st 2011 to August 31st 2017.10 The data has been provided by
the City of Vienna for the Climate-fit.city project. Parts of the data are also open
access.11
Figure 36 shows the locations of the stations. The stations in district 19, in the northeastern part of district 2 and in district 23 are characterized by comparatively high
shares of leisure cyclists. That is, they show clearly higher shares in city-wide counts
on non-working days than on working days. The opposite holds true for the stations
in district 4, at the eastern end of district 15 and at the border between districts 1
and 4, which are characterized by comparatively high shares of commuter cyclists.
The tracking data includes journeys of people using the Bike Citizens App (with
tracking mode) for Vienna and its near surroundings between January 1st 2015 and
August 31st 2017. The data covers the following information: track ID, starting time,
end point, and duration. Tracks in turn consist of single points with the following
information: longitude and latitude, metres in altitude, and time difference to the
preceding point. The data is provided in GPX format.

For calculating the response functions of cyclists towards varying meteorological conditions,
further influencing parameters besides weather and climate need to be controlled for (see
also section 6.3.2). This includes calendric effects and variations in the population, but also
cycling infrastructure. Hence, the following non-climatic data serves as further input to the
active mobility service besides data on cycle traffic:


Calendric information:



Population of Vienna:

This includes the indication of the weekday, public holidays, school holidays, but also
so called “bridging days”. Bridging days are working days between a public holiday
and a typical non-working day (i.e. Saturday or Sunday). Lots of people use them to
take time off and allow themselves a prolonged weekend.
More (less) people means more (less) potential cyclists. Data on the development of
Vienna’s annual population, taken from Statistics Austria (www.statistik.at), is used
to control for this effect.

9

Data can be accessed at https://meteo.boku.ac.at/wetter/mon-archiv/; information about the
measurement station can be found at https://www.wau.boku.ac.at/met/wetter/informationen-zurwetterstation/.
10
Implementation dates and hence the length of the available time series data differ according to the
stations. The earliest implementation date is January 1st 2011, the latest September 6th 2013.
11
https://www.data.gv.at/katalog/dataset/stadt-wien_radverkehrszhlungenderstadtwien.
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Bicycle infrastructure in Vienna:

Data on bicycle infrastructure stems from the City of Vienna and is open source12. It
includes (i) the total area and length of cycle paths and their respective shares in all
streets from 2003 to 2015, (ii) the area and length of cycle paths as well as their
respective shares in all streets per district for 2015, and (iii) a shape file with the
exact location of bicycle infrastructure for the year 2011.

Figure 36: Location of the permanent cycling traffic monitoring stations (red) and the BOKU
weather station (green) in Vienna

Data sources: Google Maps (satellite image), Statistics Austria (district boundaries), BOKU (coordinates of BOKU
weather station), City of Vienna (coordinates of cycling traffic monitoring stations).

Several processing steps are required to translate the climate and non-climate input data
into the active mobility service output. These steps include the preparation of data, the
calculation of response functions as well as the derivation of the climate attractiveness for
cycling by applying the calculated response functions on current and future climatic
conditions.
12

https://www.data.gv.at/katalog/dataset/b1f73940-b2b2-401d-b9e4-9894418d3270 (Effective: April
2018),
https://www.data.gv.at/katalog/dataset/1872f15d-7a48-4566-876d-d38b91fdf328 (Effective: April
2018),
https://www.data.gv.at/katalog/dataset/5e6175cd-dc44-4b32-a64a-1ac4239a6e4a (Effective: April
2018)
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Data preparation
The first processing step covers the preparation of the climate and non-climate input data.
Using specific libraries written for the software R the climate data provided by VITO in the
standard NetCDF format and the GPS tracking data provided by Bike Citizens in GPX format
are extracted, manipulated and transformed to make them compatible with the other nonclimate data. Since the subsequent steps are performed for different spatial (e.g. city-level,
district-level, counting-station-level) and temporal resolutions (daily vs. sub-daily), the
climate and non-climate input data are aggregated accordingly.

Calculating response functions (i.e. modelling the weather and climate sensitivity of urban
cycling)
Figure 37 roughly illustrates the concept for deriving the weather and climate sensitivity of
cycling in Vienna, i.e. how cyclists respond to variations in meteorological conditions.

Figure 37: Concept for determining the weather and climate sensitivity of urban bicycle
traffic (response functions)
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Variations in bicycle traffic numbers are modelled by applying methods that have already
proven themselves within JR’s WEDDA® service 13 , such as generalized additive models
(GAM; see page 83 for further details). These methods are used together with (i) bicycle
traffic data from Bike Citizens or counting stations, (ii) retrospective data on urban
meteorological conditions from UrbClim as well as (iii) data on further control variables
(calendric effects, population, etc.). From these models, city-specific response functions

13

See deliverable D2.1 for a short description on WEDDA®.
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illustrating the weather and climate sensitivity of cycling are derived. These city-specific
response functions show the effects of meteorological parameters such as temperature,
wind speed, precipitation, snow, etc. on bicycle traffic in Vienna. As it is planned to extend
the active mobility service to other European cities in the upscaling phase of Climate-fit.city,
comparisons across cities will be possible at a later stage. Such inter-city comparisons
represent a feature in which user-partner Bike Citizens is highly interested.
For modelling variations in bicycle traffic and deriving the weather and climate sensitivity of
cycling, the active mobility service uses generalized additive models (GAM). GAMs are
generalized linear models in which the regressand depends linearly on unknown smooth
functions of some regressors. Hence, potential non-linear effects of particular meteorological
parameters can be easily considered. In a first step, an automatic algorithm is used to preselect a reasonable number of regressors out of a larger set of potential regressors. The
method starts with an empty model and then iteratively adds new regressors until an abort
criterion is fulfilled. In each step the regressor that maximizes the quality of the model,
which is estimated using the Generalized Cross Validation (GCV), is added. After a new
variable has been added it is tested whether dropping each chosen regressor would improve
model quality. The algorithm stops when the improvement in GCV is smaller than a given
threshold. Again, it is tested whether exchanging one regressor with another – not yet being
in the model – would improve model quality.
Following the automatic selection procedure, the model is manually refined. Especially the
number of used covariates is reduced and possible shape constraints on the smooth
functions are added to find more robust models. The general model structure looks as
follows:
log(𝐵𝑇) ~𝑠(𝑀𝐼1 ) + 𝑠(𝑀𝐼2 ) + 𝑀𝐼3 + (𝑀𝐼4 > 𝑎) + 𝐶1 + 𝐶2 + ⋯
where 𝐵𝑇 is the number of bicycle trips (tracks or station counts), 𝑀𝐼𝑖 are different
meteorological indices, 𝐶𝑖 are other explanatory variables, 𝑠 denotes a smooth function, and
𝑎𝑖 defines a threshold.
Models are estimated for different spatial and temporal resolutions, using either tracking
data or station counts. A special focus will be on potential spatial differences in the weather
and climate sensitivity. In addition, stakeholders and user-partner Bike Citizens articulated
high interest in impact differences with respect to the timing of particular meteorological
conditions (e.g. rain in the morning vs. rain in the evening). Another question user-partner
Bike Citizens is highly interested in is whether the weather and climate sensitivity of cyclists
tracking their rides significantly differs from the sensitivity of cyclists captured by the
counting stations.
Figure 38 shows some example plots derived from calibrated models on bicycle traffic on
working days in Vienna. On the left side, the effect of mean temperature on bicycle traffic is
illustrated whereas the figure on the right side shows the effect of snow on the ground
(preliminary results). Indicated percentiles illustrate, how often particular meteorological
conditions are occurring. A daily mean temperature of more than 30°C (or less than -4°C) is
e.g. observed in 1 % of cases or on 3.65 days per year on average. Compared to
temperature conditions perceived as optimal by Viennese cyclists, a temperature of 30°C (or
-4°C) is associated with a reduction of approximately 10 % (or 80 %) in counted bicycle
traffic (ceteris paribus).
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Figure 38: Example plots illustrating the effects of selected meteorological parameters on
Vienna’s bicycle traffic (ceteris paribus) on working days, using data from
counting stations and UrbClim (preliminary results)
Effect of mean temperature

Effect of snow on the ground

Based on the calibrated response functions a “climate attractiveness index” is developed
showing the relative climatic attractiveness for cycling (see below). Moreover, the models
might also be used as starting base for service extensions beyond the Climate-fit.city
project. Combined with weather forecasts they could be enhanced to serve for short-term
predictions of bicycle traffic.

Applying response functions on current and future climatic conditions
The calibrated models on bicycle traffic show how Vienna’s cyclists respond to variations in
weather and climate. Inserting different meteorological conditions, the models can be used
to indicate relative changes in bicycle traffic volumes compared to optimal meteorological
conditions. Feeding the models with meteorological parameter values typical for current and
future climatic conditions, Vienna’s current and future relative climatic attractiveness – as
perceived by its cyclists – can be illustrated. Hence, in this processing step, the information
on the derived weather and climate sensitivity is merged with high resolution data on
Vienna’s current and future conditions with respect to cycling-relevant meteorological
parameters (e.g. temperature, humidity, wind speed, precipitation, thermal comfort, etc.).
The city’s climate attractiveness as perceived by its cyclists will be calculated for selected
conditions, including a typical spring / summer / autumn / winter day, a particularly
hot / cold day, a particularly windy day, etc.

The active mobility service will show the effects of different meteorological parameters on
bicycle traffic in Vienna as well as their relative importance (see Figure 38 in section 6.3.2 as
an example). It will provide concrete figures on the reductions in bicycle traffic caused by
deviations of meteorological parameters from the conditions perceived as optimal by
Vienna’s cyclists. The service will illustrate potential spatial as well as potential temporal
differences in the weather and climate sensitivity of Vienna’s bicycle traffic by indicating
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whether and how responses to weather and climate variations vary between districts or over
the course of a day. In addition, the service will indicate potential differences in the weather
and climate sensitivities of cyclists tracking their rides and of cyclists captured by the
permanent counting stations. Providing weather-adjusted statistics on bicycle counts and
tracks, the service will also inform about the development of bicycle traffic over time when
subtracting out the effects caused by weather and climate variations.
Besides this detailed information on the weather and climate sensitivities of Vienna’s bicycle
traffic, the active mobility service will provide figures and maps on Vienna’s climate
attractiveness towards cycling under current (1987-2016) and future (2036-2065) climatic
conditions. Two different kinds of climate attractiveness will be differentiated: (i) “objective”
and (ii) “perceived” climate attractiveness. Within the active mobility service “objective”
climate attractiveness describes information derived from climate data only, whereas
“perceived” climate attractiveness describes information derived from merging climate data
with the calculated response functions. The former displays cycling-relevant meteorological
parameters in their original measurement unit, e.g. the spatial distribution of wind speeds in
km/h on a “typical” windy day or the spatial distribution of thermal comfort in °C on a
“typical” hot day (see Figure 39 for example plots). Maps on the “objective” climate
attractiveness will be provided at a spatial resolution of 100 m for the whole city area and –
in a later configuration stage – a resolution of 10 m for selected parts of the city and
selected days in the past. These maps will indicate the regions (and routes) with the highest
exposure to particular unfavourable meteorological conditions (high wind speeds, heat
stress, etc.). “Perceived” climate attractiveness, by contrast, displays climate data translated
into relative bicycle counts/tracks, which illustrate the change in bicycle counts/tracks
compared to optimal meteorological conditions. Hence, the active mobility service will
provide concrete figures on how often unfavourable meteorological conditions occur under
current and future climatic conditions that cause reductions in the city’s daily bicycle traffic
of more than xx %.
The reason for providing two different measures of climate attractiveness is the planned
upscaling of the service to other European cities. Since the bicycle traffic’s weather and
climate sensitivity is supposed to differ across cities, the “perceived” climate attractiveness
will not only display differences in the cities’ climates but also differences in how sensitively
the cities’ cyclists respond to variations in meteorological conditions. Hence, a lower
“perceived” climate attractiveness of a city may either result from a higher frequency/extent
of unfavourable meteorological conditions or from a lower weather-/climate-resistance of
the city’s bicycle traffic (or a combination of both). The active mobility service allows for
differentiating between these two effects by providing information on the city’s “objective”
and “perceived” climate attractiveness.
Potential future changes in Vienna’s climate attractiveness towards cycling will be displayed
for the period 2035-2065. Several future climate models and two different scenarios of
greenhouse gases (RCP4.5 and RCP8.5) will be considered.
The active mobility service will be delivered in the form of (i) a detailed report including
maps and figures as well as descriptions of the analysis results and (ii) the separate
provision of selected output data to be implemented into Bike Citizens Analytics. The report
will consist of two parts. The main part will include appealing and intuitive maps and tables
together with interpretation guidelines and descriptions easily understandable by nonscientists. The second part, by contrast, will include underlying technical details on data,
methodologies and assumptions. Based on the report, user-partner Bike Citizens will select
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those figures and maps of highest relevance for their Analytics tool and subsequently
receive the underlying data.

Figure 39: Example plots for “objective” climate attractiveness – spatial distribution of daily
mean temperature on the 1°% of hottest days (left) and spatial distribution of
maximum wind speeds on the 1 % of windiest days (right) between 2010 and
2016 (UrbClim output driven by ERA5)
Mean temperature on hottest days [°C]

Wind speeds on windiest days [km/h]

On the one hand, the information provided by the “active mobility service” will serve userpartner Bike Citizens as basis for argumentation and recommendation of how to improve the
comfort and attractiveness of urban cycling and raise a city’s modal share of cycling.
Valuable insights are particularly expected from the upscaling phase, where the service is
planned to be extended to other European cities. This will allow comparing the weather and
climate sensitivities of cyclists as well as the climate attractiveness towards cycling across
cities. This way, cities with a highly weather and climate sensitive bicycle traffic may learn
from cities that show a lower sensitivity.
On the other hand, Bike Citizens plans to integrate parts of the information provided by the
“active mobility service” directly into its tool “Bike Citizens Analytics” (see Box 1 for a short
description on the Bike Citizens Analytics tool). This might be accomplished through an
additional layer which shows the climate attractiveness towards cycling. This way, maps on
cycle traffic volume, waiting times and route selection may be compared or merged with
maps on climate attractiveness.
Principally, the final service – consisting of a report and selected data – will be delivered
once, with the option for aperiodic updates whenever needed. For example, following the
implementation of particular adaptation measures, response functions might be updated in
order to evaluate the effects of the measures on the weather and climate sensitivity of the
city’s bicycle traffic. If, for example, the city changes its prioritization with respect to snow
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clearance of cycle paths, the effect of such a measure on the cyclists’ sensitivity towards
snow on the ground can be evaluated by recalculating the respective response function for
the time before and after the introduction of this measure.

Box 1:

Excursus – A short description of “Bike Citizens Analytics”

Bike Citizens Analytics
(https://www.bikecitizens.net/wp-content/uploads/2017/11/20171114bikecitizenspmbcanalyticsenfinal-2.pdf)

Bike Citizens Analytics is a GPS data analysis tool that aims at supporting towns and
cities in their bicycle traffic planning. By visualizing the tracked routes of cyclists, it
provides an overview into bicycle traffic behaviour. It allows identifying gaps in the
cycle network, supports the optimisation of bike-friendly routes in cities, and allows
assessing potential effects for future projects.
Bike Citizens Analytics shows the city from the cyclist’s perspective. Anonymised
data that is voluntarily provided by users of the Bike Citizens app can be
incorporated into the tool and analysed: Which traffic lights and crossings are
slowing down the bicycle traffic? Which paths/one-way streets need to be opened
up to cyclists so that people on bikes can get around the city quicker? What are the
effects of closing gaps on the cycle network?
Bike Citizens Analytics provides answers to these questions and simplifies town and
city traffic planning by visualising the bicycle traffic situation. Long-term plans can
be optimised and short-term measures approved more quickly such as opening onewaystreets to cyclists. Unlike with bicycle counting stations, which only provide
sporadic data, Bike Citizens Analytics visualises bicycle traffic intensity as well as
comprehensive bicycle traffic trends throughout the course of the days and seasons.
The potential of future infrastructure projects can be assessed based on existing
data. This will ensure that new cycle paths are built in the right places and
important transport links to schools and universities or companies with a high
volume of employees for example are safely covered.
Cycle traffic volume

Waiting times

Route selection

Table 19 lists the user & stakeholder needs identified in the course of deliverable D2.1
(“Stakeholder Mapping Report”) and indicates, which of them are addressed by the codesigned service. As described in detail in deliverable D2.1, user needs for two different
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target groups were identified by the addressed stakeholders: (i) cyclists and (ii) urban
developers, traffic planners and public authorities. From the perspective of a cyclist, the
identified requirements for a “perfect” climate service mainly focused on real-time data and
short-term forecasts. As these time frames are out of the scope of the Climate-fit.city
project most of the needs related to the perspective of a cyclist cannot be met by the codesigned active mobility climate service. However, a great part of the requirements
mentioned from the planning perspective are addressed by the co-designed service.

Table 19: Overview of the user & stakeholder needs addressed by the active mobility
service
User & stakeholder needs identified in D2.1

Addressed by the co-designed service

Real-time and short-term forecasts of relevant
meteorological parameters

No: out of the project’s scope.

Meteorological parameters of interest: temperature,
precipitation, wind, radiation

Yes

Further parameters of interest (in case of real-time
querying): UV and ozone levels

No: out of the project’s scope.

High spatial resolution (10m-100m)

Partly: for the parameters air temperature, relative
humidity, wind speed, wind direction, and thermal
comfort a resolution of 100 m is used, whereas the
parameters rainfall, snowfall, snow cover and global
radiation are on a coarser resolution.

Impact of weather variability and local conditions on
cycling and preferred infrastructure

Partly: impact of weather variability on cycling is
addressed; however, first analyses suggest that the
current data situation does not suffice for robust
statements about the impact on preferred cycling
infrastructure.

Impact of weather variability on transport mode
choice in general and eventual differences over the
course of the day

Partly: focus is on cycling in the 1st stage; if financial
and temporal limitations permit and required data is
made available, further transport modes will be
analysed.

The city’s climate attractiveness for cycling/active
mobility and its change in the course of the year

Yes

Comparison of different cities

Not in the 1st stage, but planned for the 2nd stage in
the course of the upscaling process

Data-based support for the prioritization of adaptation
measures

Yes: especially in combination with Bike Citizens
Analytics

Identification and consideration of target groups

No: available data does not allow for the
differentiation of sex/age/etc.

Weather-dependent forecasts on the demand for
bicycle compartments in trains / trams / metro and on
the demand for additional public capacity

No: out of the project’s scope.

Recommendations for planning action

Yes: at least, the information delivered by the service
will allow the derivation of recommendations for
planning action.
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Pilot city: ROME
Climate data provider:

Service provider (purveyor):

User-partner:

VITO, KU Leuven

VITO

SSBAR

The focal point of the proposed service is the development of an online web platform
(hosted by SSBAR) that shows for selected touristic sites detailed information about the
expected heat stress, air quality, weather and pollen situation for the next few days, based
on an existing forecast system for Rome. In order to do this, a historic data base with very
high resolution heat stress, air quality, weather and pollen maps is set up by VITO, to which
the forecast data are linked, selecting the historic moment that most resembles the
expected conditions. Hence, we will use detailed historic climate data to improve an existing
forecast service, tailored at the stakeholders needs. Furthermore, this historic data base will
at the same time be used as a reference data set to compare future climate scenarios
against, in which multiple stakeholders are interested. Historical and future (2030, 2050)
heat stress and rainfall assessments will be made for the entire Rome area.
This co-designed service will help the stakeholders to take measures in order to prevent
emergency situations by e.g. changes in tourism flows, provision of water and shade for
queues. The service will also be available for tourists and tourist operators so that they can
plan their visits to the sites in a more informed way. This system could overcome the lack of
a common organisational system between the city, the region and the SSBAR. In order to
plan climate impact adaptation actions, the detailed climate change scenario maps for the
specific sites or specific areas of the city will be very helpful.

The first concept of the service has been discussed between SSBAR and VITO during the
project kick-off meeting in June 2017. During these discussions, the choice was made to
include a broad range of relevant indicators (heat stress, air quality, weather and pollen) in
the service, to maximize its usability for the stakeholders, instead of only focussing on heat
stress, which was the initial idea. Furthermore, the decision was made to host the service at
SSBAR, and not at VITO, which should improve the robustness and incentive to actually use
the service.
During and after the Stakeholder workshop in October 2017, the details of the service
design were discussed and a schematic service design was made. The decision was made to
use the existing forecast of ARPA Lazio as a backbone of the service, instead of making use
of regular global forecast data (e.g. CAMS, GFS). Based on the defined stakeholder needs,
the decision was made to also include a detailed climate change analysis of heat stress and
rainfall in the service.
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More in-depth IT specifications on the structure and format of input and output data for the
service were discussed during the project meeting in Graz. The choice was made to
maximally use html formats, which is most easy to handle in the web-based platforms that
SSBAR hosts.
In between and after these meetings, specific details and intermediate results were
presented and discussed in email conversations.

After the Stakeholder workshop in October 2017, SSBAR organised follow-up contacts with
ARPA Lazio; during which was agreed that weather data as well as chemical data will be
provided through computer processing. Regarding the weather data, ARPA Lazio agreed to
provide txt files with historical data, real time data and five-day forecast. Real time chemical
data will be provided every two days because ARPA Lazio grants them validated before
releasing. Of course, historical data will be provided as well.
Two acquiring procedures were agreed on: automatic uploading on FTP server for weather
real time data and forecasting; and automatic downloading from ARPA Lazio web server for
everything else. Data processing upon reception generates XML files which are configured
according to a specific VITO-agreed schema. The XML files are available to VITO directly via
URL.

A schematic description of the data and methods used by this co-designed service is given in
Figure 40. The backbone of the service is the combination of weather and air quality
forecast data (non-climate), delivered by ARPA Lazio, and a database of historical weather,
heat stress, air quality, pollen and rainfall maps, delivered by VITO and KULeuven.
The meteorological and air quality forecast data are delivered (two)daily to SSBAR and
comprise hourly data for the next 5 days. These data are converted to XML format by
SSBAR to be used as input for the service. An example file is shown in Figure 41.
In order to create the historical database of detailed weather and heat stress maps, VITO
has applied its urban climate model UrbClim to simulate the years 1987-2016 for the entire
Rome area with a horizontal resolution of 100 m. Meteorological input data for the model
are taken from the ERA-Interim archive of ECMWF, while the required land surface
information is gathered from the CORINE 2012 land use map, EEA 2012 soil sealing map
and MODIS satellite-based vegetation cover maps. These datasets are converted to suitable
input data for the UrbClim model (e.g. Figure 42). The combination of ERA-Interim data and
UrbClim results yields hourly data on air temperatures, humidity, wind speeds, solar
radiation and rainfall that can be used as a basis for this service.
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Figure 40: Schematic representation of the Cultural heritage case service

Figure 41: Example weather forecast file provided by ARPA Lazio and processed by SSBAR
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Figure 42: UrbClim input land use map for Rome

The chosen heat stress indicator (WBGT, Wet Bulb Globe Temperature) is calculated in a
post-processing step, by combining the meteorological data with detailed GIS-based
radiation calculations to take the shade effects of buildings and high vegetation into
account. These building and vegetation data were taken from the Open Street Map online
archive. An example output map of this indicator is shown in Figure 43.
Reference air quality maps are calculated in a different way. The bases for these data are
hourly measurement data from 13 air quality stations in and around Rome for the years
1999-2017, provided by ARPA Lazio. These data are interpolated to the entire Rome area by
VITO, using the land use map as a proxy variable.
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Figure 43: Example heat stress output map

In the developed platform at SSBAR, as soon as the ARPA Lazio forecast data are available,
a Matlab-based neural network model, made by VITO, will select the days from the historical
past that are most similar to the forecast, by minimizing the R²-value of a set of
meteorological variables. The corresponding high-resolution maps of the different indicators
are selected, and the values for the selected touristic sites are extracted and converted to a
range from 1 to 10 (bad-good). The output of the neural network model is an XML file
(Figure 44).
Separately, future heat stress and rainfall data for the years 2030 and 2050 (both RCP4.5
and RCP8.5) are calculated by VITO and KU Leuven, based on a large set of climate
projection data of the CMIP5 and CORDEX archives. These future timeseries and maps are
based on the historical records, to which the climate change signal is statistically added with
a bias-corrected quantile delta mapping technique.
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Figure 44: Example file with forecasted indicator values
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The main output of this service is a web-based platform with interactive forecast data for 4
indicators (thermal comfort, air quality, pollen and meteo). The forecast data will be
available for the next 5 days and summarizing values (1-10) are given for selected touristic
sites. The service through which the user can view the result of the data received by VITO
through xml is designed according to the javascript, jquery, Ajax, php, xml, HTML, CSS
technology. The web interface allows users to use the service is a php page that shows the
interactive map of the places where VITO provides the data. This map was built using the
javacript Leaflet library that allows reading the coordinates of the places of interest from a
file in geoJson format. A preview of how this looks like is given in Figure 45. The set-up of
the website is made as simple as possible to make it understandable and useful for as many
people as possible. On the same page are displayed 4 icons for each type of data (Thermal
Comfort, Air Quality, Pollen, Weather) and the day of the week of which you want to know
the values. By clicking on the type of data to be displayed and on the day of the week by an
Ajax call, the data are read from the xml file and through jquery the results are in real time
graphically translated into a different color icon according to the value read, which will
appear on the places of interest. Both the days of the week and the data provided by VITO
will be updated in real time. The user can so see the result of the values through immediate
and direct graphical display. Later on, extra features could be added to the website.

Figure 45: Preview of the online web platform hosted by SSBAR

Furthermore, climate change maps will be presented and discussed on a separate page on
the website, and in a report. The report will contain detailed 100 m resolution maps on the
projected evolution of temperatures, the number of heat wave days and heat stress (Wet
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Bulb Globe Temperature) for Rome and its surroundings, for the years 2030 and 2050,
according to the RCP4.5 and RCP8.5 climate scenarios. Figure 46 shows an example historic
air temperature map, based on the output of the UrbClim model. Also rainfall statistics (IDFcurves) will be provided to assess the impact of climate change on heavy rainfall events.
The provided detailed information is very useful for stakeholders to plan climate change
adaptation actions.

Figure 46: Example overview air temperature map to be included in climate change report

As explained above, the platform will be updated daily with new forecast data. People
working in SSBAR will receive information directly from the system, and automatic
notifications can be set up. The platform will be made available on the official SSBAR portal,
which will make all the information available to both site managers, tour operators and
tourists using the site.
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Furthermore, a system will be set up for the provision of information to external systems
such as mobile apps (to be used e.g. by tourists and cultural heritage decision makers) or
other portals.
The idea is that the platform will be used as a decision support tool in case of event
planning, operational decisions or designing climate adaptation action plans.

Table 20 lists the user & stakeholder needs identified in the course of deliverable D2.1
(“Stakeholder Mapping Report”) and indicates, which of them are addressed by the codesigned service.

Table 20: Overview of the user & stakeholder needs addressed by the cultural heritage
service
User & stakeholder needs identified in D2.1

Addressed by the co-designed service

SSBAR: site specific forecast system including meteo,
air quality, heat stress and pollen

Yes

SSBAR: climate change impact scenarios for specific
sites focussing on heat stress and heavy precipitation
events

Yes

SSBAR Testaccio area: climate change information
and guidance to improve climate comfort

Yes

SSBAR Testaccio area: future navigability of the Tiber
river

No. This is a very complex question that needs
detailed local information from different sources (not
available within the consortium of stakeholders), and
therefore is considered outside the scope of this
project. To address this question, a feasibility study
and cost assessment need to be performed first.

SSBAR Terme di Caracalla area: Local climate change
information on the frequency and amount of heavy
rainfalls

Yes

City of Rome: Detailed urban climate and climate
change maps for the years 2030, 2050.

Yes
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Within the Climate-fit.city project, the practice of co-development and co-design was used in
order to shape the urban climate service “Climate-fit.city” in a way that best serves the
users’ actual needs. This process took place between both, (i) climate data providers and
service providers (purveyors), where the latter are intermediary users of the climate data,
and (ii) service providers and end-users. Interactions between these types of actors started
very early (i.e. in the proposal phase of the project) and were of iterative nature. In several
interaction and feedback loops, the services were conceptualized, presented, assessed,
validated, and refined. Forms of interactions included workshops, interviews, virtual and
physical meetings as well as data exchange. Data did not only flow from data/service
providers to intermediary-/end-users, but also the other way around. That is, service users
provided important input data for the development and provision of the co-designed
services, which formed one aspect of the tailoring of the services to the specific users.
Regarding climate data input needs, a range of similarities was found across the sectoral
cases with respect to parameters, spatial and temporal resolutions as well as time horizons
of interest (see also deliverable D5.1). On the other hand, each sectoral service also shows
its specificities, such as the need of the active mobility service for snow cover as a climate
input. Moreover, needs get highly diverse when it comes to the non-climate input data
required by the sectoral services. The health service, for instance, makes use of
georeferenced mortality and spatially-detailed sociodemographic data, whereas the active
mobility service applies data on bicycle traffic from counting stations and GPS tracks. A
specificity of the emergency management service is its need for data on the sewer network.
The output formats of the co-designed services include reports, interactive web-based
platforms as well as data. The latter is provided in a form that allows their integration into
existing tools of the user-partners.
Intense interactions between service providers and user-partners (as well as further local
stakeholders) not only helped to shape the services in terms of applicability and usability,
but also revealed needs that cannot be met within the Climate-fit.city project and/or require
further research (see Table 6, Table 14, Table 19, and Table 20). These unmet needs give
important hints for future development and design of services beyond the Climate-fit.city
project. The need for pluvial flood ‘nowcasting’, which has been identified during the 1st
emergency planning workshop but is outside the scope of Climate-fit.city, will for instance
be picked up within the framework of the H2020 projects CUTLER and BRIGAID.
The co-designed services described in this deliverable form the basis for the demonstration
phase. Each of the co-designed sectoral services will be demonstrated to the stakeholder
community described in D2.1, potentially extended by further interested actors. For this
purpose, workshops will again be organized by the service providers and user-partners
where the co-designed services and their added value are demonstrated. The results of
these demonstration activities will be described in deliverable D2.3. In addition, these
activities will also provide valuable input for WP3 (Service evaluation), WP6 (Socioeconomic
impact assessment), and WP7 (Dissemination and marketing), which will extend the
demonstration of the sectoral service to a much broader (European) group of stakeholders.
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Table A.1 shows the results of the brainstorming exercise carried out during the co-design
workshop of the emergency planning case. The resulting 37 ideas were scored by each of
the workshop participants. To get a general score, 3 points were assigned to every blue
vote, 2 points to every red vote, and 1 point to every yellow vote (see the COCD-box in
Figure 8 for the definition of the colours).

Table A.1: Results of the brainstorming exercise carried out during the co-design workshop
Idea
Mapping impacted population groups & time estimation of
interventions

E

2

x

1

1

x

2

6

x

1

Disclosing confidential information (legislation changes)
Disclosing flood maps for all emergency services
Flooding manual for citizens

General score

2
2

Early warning system for citizens

6

x

4

x

1

1

x

1

3

x

2

Making the flood maps public
Adapting the police flood emergency policy, e.g. obligations for
underground parking lots

1

Mapping capacity & use of buildings in function of time of day
E-form to avoid overload of emergency lines (exists)

2

Mapping underground infra & buffer capacity

2

Mapping critical infra & industrial zones

1

Mobile weirs (instead of sandbags)

1

1

Changing urban vegetation

1

1

Better maintenance of drains especially in impacted areas

4

Coordinating communication of several public channels
Better enforcement of building regulations

1

Making buffers smart

6

x

4

x

4

x

5

x
x

2

14

x

2
1

1

1

Adapting the building code
Alternative use of soil water draining (stop & reverse)

x

6

Buffer capacity with every large building project (exists)
Buffer capacity with new office buildings

0

2

x

4

x

2

x

0

x

3

x

0

x

6

x
x

Influencing precipitation (cloud cannon)

2

2

Enterprise warning system (employees to leave earlier)

1

1

x
x

Keeping schools & children gardens open

1

2

Water bus to replace regular public transport

1

2

Early warning system for citizens by mobile phone messages

2

Use of the electronic info panels

1

A

1

1
1

R

1

x

5

x

3

x

100

Distribution points for sand bags

1

2

x

Distribution points for kayaks

1

2

x

1

x

Distribution points for mattress islands (Louisiana?)

1

Making impermeable surfaces permeable again

3

6

x

Common purchase of pumps, cellar closures, valves…

2

6

x

Local communication through BIN, BAB, …

1

3

x

General communication about awareness

1

3

x

Inventory of public buildings on high grounds

1

3

x

Mapping essential infra resulting in intervention priorities

3

6

x

Damage estimation resulting in cost/benefit calculations

4

8

x

x

Figure A.1: Validation of the pluvial flood model results for flood event of 30-31 May 2016 at
the “Bredastraat”
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Figure A.2: Validation of the pluvial flood model results for flood event of 30-31 May 2016 at
the Antwerp-Berchem railway station
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Figure A.3: Validation of the pluvial flood model results for flood event of 30-31 May 2016 at
the location “Carrefour & Trix”
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Program:
Reception & coffee .................................................................................................. 08.30-09.00
Short presentation of the Climate Fit City project (Erik De Bruyn) .......................... 09.00-09.05
Presentation and rendition of the pluvial flood maps for the city centre of
Antwerp before and after climate change (Patrick Willems..................................... 09.10-10.00
Coffee break ........................................................................................................... 10.00-10.15
Presentation of the methodology of the brainstorming (Erik De Bruyn) .................. 10.15-10.25
Brainstorming COCD-BOX (http://www.ikinnoveer.be/cocd) .................................. 10.25-11.00
Appreciation of the formulated ideas ...................................................................... 11.00-11.20
Concrete elaboration of some ideas ....................................................................... 11.20-11.50
Conclusion by Bart Bruelemans .............................................................................. 11.50-12.00

Attendance:
Forty people were invited. Twenty of them effectively attended (apart from the organisers).
The list of participants is included in the attachments. The background of these participants
was the following:

Emergency Services

10

Environment

3

Social Cohesion

5

Others

2

Pluvial flood maps city centre of Antwerp before and after climate change:
KU Leuven developed pluvial flood maps for the city centre of Antwerp. These were
presented at the start of the workshop; see attached pdf of the presentation. The flood maps
were made available as high resolution pdf’s for return periods of 2, 10, 25 and 100 years
and this for the current climate conditions and the future climate conditions by 2050 and the
high climate scenario. For the current climate conditions, the flood maps were also obtained
for some historical events including the recent severe event of 30 – 31 May 2016, in order to
validate these maps. Also sensitivity analyses were conducted to study the influence of the
rainfall inputs, downstream river water levels and the inlet capacity of the manholes.
Details about the methodology and results can be found in the detailed technical reports
prepared by KU Leuven and attached together with the flood maps.
The maps should be seen as tentative as further validations and sensitivity analyses will be
conducted.
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Methodology of the brainstorming:
The COCD Box is an idea selection tool helping to find out the most promising ideas after an
idea generation session. This box was developed by the COCD (Centre for Development of
Creative Thinking), a Belgian organization specialized in creativity since 1977. The COCD
Box is inspired by Mark Raison’s work on idea generation and selection. The COCD-box
helps you to select the most promising ideas from a brainstorm with fewer restraints from the
feasibility. The Box has two axes: the originality of the idea and its ease of implementation.
Original but not (yet) feasible are placed in the yellow square, original and feasible are
placed in the red square, the feasible and already known ideas should be placed in the blue
square.

Ideally participants should be encouraged to think about unfeasible ideas connected to their
dreams or future possibilities in the idea generation taking place before the selection
process. This allows new “out of the box” ideas to blossom.
Although we explained that adapting the emergency planning was the main theme of the
workshop, we also allowed the participants to develop ideas about resilience and about
structural adaptation.
To get a general score, we distribute 3 points for every blue vote, 2 points for every red vote
and 1 point for every yellow vote.
In the last three columns we labeled the idea as ‘emergency planning’ (E), ‘resilience’ (R), or
‘structural adaptation’ (A).

106

Results:
The following 37 ideas were generated:
idea
Mapping impacted population groups & time estimation of
interventions
Disclosing confidential information (legislation changes)
Disclosing flood charts for all emergency services
Flooding manual for citizens
Early warning system for citizens
Making the flood charts public
Adapting Police Code, f.e. obligations for underground parkings
Mapping capacity & use of buildings in function of time of day
E-form to avoid overload of emergency lines (exists)
Mapping underground infra & buffer capacity
Mapping critical infra & industrial zones
Mobile weirs (instead of sandbags)
Changing urban vegetation
Better maintenance of drains especially in impacted areas
Coordinating communication of several public channels
Better enforcement of building regulations
Making buffers smart
Buffer capacity with every large building project (exists)
Buffer capacity with new office buildings
Adapting Building Code
Alternative use of soil water draining (stop & reverse)
Influencing precipitation (cloud cannon)
Enterprise warning system (employees to leave earlier)
Keeping schools & children gardens open
Water bus to replace regular public transport
Early warning system for citizens by sms
Use of the electronic info panels
Distribution points for sandbags
Distribution points for kayaks
Distribution points for mattress islands (Louisiana?)
Making impermeable surfaces permeable again
Common purchase of pumps, cellar closures, valves…
Local communication through BIN, BAB…
General communication about awareness
Inventory of public buildings on high grounds
Mapping essential infra resulting in intervention priorities
Damage estimation resulting in cost/benefit calculations

1
1
2 2
2
2
1
1 1
2
2
1
1
1 1
1 1 1
4
2
1
1
1
1
1
2
2
1
1
1
2 1
1
1
1
1
3
2
1
1
1
3
4

General
score
2

E

1
6
6
4
1
3
0
6
4
4
5
6
14
2
4
2
0
3
0
6
2
1
2
2
5
3
2
2
1
6
6
3
3
3
6
8

x
x

R

A

x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

12 ideas were labelled as ‘E’
15 ideas were labelled as ‘R’
9 ideas were labelled as ‘A’
1 idea was labelled as ‘E/A’
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If we arrange the ideas by category then we get the following results:
E idea
Damage estimation resulting in cost/benefit calculations
Disclosing flood charts for all emergency services
Mapping essential infra resulting in intervention priorities
Alternative use of soil water draining (stop & reverse)
E-form to avoid overload of emergency lines (exists)
Mobile weirs (instead of sandbags)
Mapping critical infra & industrial zones
Mapping underground infra & buffer capacity
Inventory of public buildings on high grounds
Mapping impacted population groups & time estimation
interventions
Influencing precipitation (cloud cannon)
Disclosing confidential information (legislation changes)
Mapping capacity & use of buildings in function of time of day

4
2 2
3

of

2
2
1 1
1
1
2
1
1
2
1

R idea
Flooding manual for citizens
Common purchase of pumps, cellar closures, valves…
Early warning system for citizens by sms
Early warning system for citizens
Local communication through BIN, BAB…
General communication about awareness
Adapting Police Code, f.e. obligations for underground parkings
Use of the electronic info panels
Coordinating communication of several public channels
Distribution points for sandbags
Distribution points for kayaks
Making the flood charts public
Enterprise warning system (employees to leave earlier)
Distribution points for mattress islands (Louisiana?)

2
1
0

General score
2
2
2 1
2
1
1
1 1
1
1
1
1
1
1
1

A idea
Better maintenance of drains especially in impacted areas
Damage estimation resulting in cost/benefit calculations
Changing urban vegetation
Making impermeable surfaces permeable again
Better enforcement of building regulations
Buffer capacity with new office buildings
Making buffers smart
Water bus to replace regular public transport
Buffer capacity with every large building project (exists)
Adapting Building Code

General
score
8
6
6
6
6
5
4
4
3
2

6
6
5
4
3
3
3
3
2
2
2
1
1
1

General score
4

2
4
1 1 1
3
1
1
1
1
1

14
8
6
6
4
3
2
2
0
0
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How to proceed?

The E, R & A ideas will be presented once again to the E, R & A participants of the
workshop respectively. They will also be presented to the specialists of each discipline who
were not able to attend the workshop. They all will have to score the ideas on two criteria:
feasibility and utility. The multiplication of those two scores will give us an idea of the value
of the proposal.

Feasibility x Utility = Value
The most valuable ideas in the E-category will then be elaborated further within the
framework of the CFC-project. If, during this process, any new ideas still pop up, they will be
processed in the same way. A list of people who will be asked to participate in this is
included in the attachments.
Deadline: 21th of May 2018

Further validation of the flood maps
Apart from the aforementioned generation and processing of ideas and proposals, some
agreements were made about further validating the flood maps themselves.
1) The maps will be presented to the colleagues of the Antwerp City department that
assists the Fire Brigade with high capacity pumps in case of severe flooding
(SW/O&U). The charts will be compared with all the data of their interventions.
2) The maps will also be presented to the colleagues of the Antwerp City department
that coordinate all public initiatives in the neighbourhoods (Buurtregisseurs). They
will be asked to interview some inhabitants of the impacted neighbourhoods, to find
out if the maps correspond with their experiences in the past.
Deadline: 21th of May 2018
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Attachment 1: List of participants

name

organisation

Bart Bruelemans

SA MV

Patrick Willems

KU Leuven

Frank Rooses

LPA

Joris Vermeulen

Brandweer

Ronny Van Looveren

SA EMA

An Meeusen

SA Noodplanning

Pamela Hoorelbeke

SA SW

Jochen Tops

LPA

Dirk Beersmans

federale politie

Joke Parthoens

SA MV milieu-inspectie

Wim Kerremans

SA MV milieu-inspectie

Herbert Verbeeck

SA SW O&U

Sarah Van Ouytsel

SA buurtregisseur

Liesbet Van Houtte

SA EMA scholen

Vanessa De Backer

FDG Antwerpen/noodplanning

Raf Verstrepen

SA buurtregisseur

Sun Mee Horemans

SA buurtregisseur

Kevin Van den Bleeken

SA buurtregisseur

Samuel Van De Vijver

SA SW O&U

Jef Cuyvers

SA buurtregisseur

Erik De Bruyn

Organiser CFC
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Attachment 2: E-panel

name

organisation

Bart Bruelemans

SA MV

Frank Rooses

LPA

Ilse Vanmechelen

FDG Antwerpen/noodplanning

Joris Gernaey

Defensie

Joris Vermeulen

Brandweer

Paul Haccuria

Defensie

Steven Lamarque

LPA

Sven Geerts

Vlaams Verkeerscentrum

Winnie Haenen

FOD Gezondheidsinspectie

An Meeusen

SA Noodplanning

Pamela Hoorelbeke

SA SW

Gerd Vancauwenberghe

FDG Antwerpen/noodplanning

Dimi Vercammen

Brandweer

Bert Brugghemans

Brandweer

Jochen Tops

LPA

Dirk Beersmans

federale politie

Erik Genbrugge

FOD Gezondheidsinspectie

Jan Beeldens

civiele bescherming

Geert Delcourt

Defensie

Joke Parthoens

SA MV milieu-inspectie

Wim Nuyens

Defensie

Wim Kerremans

SA MV milieu-inspectie

Jasmien O

Brandweer

Herbert Verbeeck

SA SW O&U

Michael Bastiaens

SA beheer & onderhoud

Vanessa De Backer

FDG Antwerpen/noodplanning
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Attachment 3: R-panel

name

organisation

Dirk Delechambre

SA

Ilse Rossou

SA buurtregisseur

Marijke Van Steenberghen

SA buurtregisseur

Barbara Thys

SA buurtregisseur

Sarah Van Ouytsel

SA buurtregisseur

Liesbet Van Houtte

SA EMA scholen

Leen Aertsen

SA EMA scholen

Raf Verstrepen

SA buurtregisseur

Mirjana Muckalovic

SA buurtregisseur

Sun Mee Horemans

SA buurtregisseur
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Attachment 4: A-panel

name

organisation

Ronny Van Looveren

SA EMA

Rebecca Beeckman

SA EMA

Samuel Van De Vijver

SA SW/O&U
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Attachment 5: Photos of the workshop session
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