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Abstract In the second stage of the PUCS (Climate-
fit.city) project, the sectoral climate service 
providers identified new market replication 
cases together with new committed end-
users, who will operate without project 
funding.  

Similar to the demonstration phase (WP2), 
these new users have been involved in the 
co-design of six new sectoral cases of the 
urban climate service: Climate & Health, 
Building Energy, Emergency Planning, Urban 
Planning, Active Mobility, and Cultural 
Heritage. 

The present deliverable describes (i) these 
six new sectoral cases including the co-
design process between the climate data 
providers, service providers (purveyors) and 
the new end-users and (ii) the expected 
outcome of this process, i.e. the new market 
replication services, as they are planned to 
be implemented.  
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The report includes a description of the 
purpose and end-user expectations of the 
new climate services. The new market 
replication 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 during the 
demonstration phase (WP2) are highlighted 
together with specificities of the replication 
process. Moreover, a discussion on 
replication and upscaling potential of each 
sectoral case is provided. 
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In the second stage of the PUCS (Climate-fit.city) project, new end-users (which will be 
operating without project funding) have been identified by the climate service providers. For 
each sectoral case, one such new user has been chosen and a new market replication 
climate service has been specified and will be implemented for each of these new users.  

These new sectoral cases of the urban climate service will be implemented for the following 
users/cities: London School of Hygiene and Tropical Medicine, city of London (Climate & 
Health), the Department of the Environmental protection of the City of Prague (Emergency 
Planning), the World Bank Urbanscapes Group – for the city of Dhaka (Urban Planning), 
Bremeninvest, city of Bremen (Active Mobility), the Antwerp and Mechelen Zoo (Cultural 
Heritage), and more new users from cities Bern, Barcelona, Prague, Rome, Vienna (Bolzano, 
Luzern) - via Pronoo AG (Building Energy).  

These replication cases are as much as possible exploiting the methods, approaches and 
tools which have been developed during the implementation of the original six sectoral 
cases. However, the aim is to maximally extend the upscaling potentials of these climate 
services, and to cover also different or extended users´ requirements as well as to adjust or 
enhance the services to be able to cope with the specificities of these new replication cases. 

Similar to the demonstration phase, co-design processes are being conducted between the 
climate service providers and the newly identified users. Each case will involve a climate 
data provider, a service provider (purveyor) and an end-user. The new end-users are 
operating without project funding; however, they formally expressed their interest in these 
climate services and also confirmed the willingness to cooperate with service providers in 
the sense of requirements specification and to provide all necessary input data as well as 
feedback on services´ outcomes and results.  

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 replication services. Interactions between the three 
types of actors (climate data providers, service providers, new user-partners) in the frame of 
replication services preparation already started and will proceed as an iterative process 
during the next few months.  

Similarly as in the demonstration phase (WP2), also the replication services (in WP4) are 
being conceptualized and the outcomes will be presented, assessed, validated and refined, 
in several interaction and feedback loops. Usually, these interactions will take place by 
bilateral meetings between the service provider and the new user, accompanied by virtual 
communication (emails, teleconferences or web-conferences) including data exchange.  
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This document is developed as part of the PUCS (Climate-fit.city) project, which has 
received funding from the European Union’s Horizon 2020 Research and Innovation 
programme, under the Grant Agreement number 730004 1 . The “Description of the 
Replication Services” represents Deliverable 4.1 of Work Package 4 (WP4) – Market 
replication. 

The purpose of this document is to provide overview information about the new end-users 
identified for each sectoral climate service and their requirements and expectations as well 
as a description of the new market replication cases, as they are planned to be implemented 
for these new users. Through this, it is demonstrated that the sectoral services, as designed 
and implemented in the WP2, have the potential to be successfully advertised and 
effectively replicated for the new users, who are not funded by the project.  

The present deliverable is structured as follows: Chapter 2 presents general conditions for 
the identification of new market replication potentials and the selection of suitable new 
users.  

Chapters 3 to 8 each addresses one of the six new sectoral cases. They start with a short 
description of the purpose of the respective replication service and its end-user. Next, the 
description of new users´ identification and communication process is provided for each 
sectoral case. After that, the focus is put on the identification of the main user´s 
requirements and needs, which should be addressed by the sectoral service.  

The emphasis is put on expected significant adaptations required for each replication case, 
compared to demonstration cases as designed and implemented in the frame of WP2, as 
well as on lessons learnt and feedback provided from the demonstration services pilot users, 
which should be taken into consideration while designing and implementing the new market 
replication cases.  

Each sectoral service is described with respect to the required climate and non-climate input 
data, the methods to be 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. The co-design process, 
both between climate data provider and purveyor and between purveyor and user, is shortly 
described.  

At last, specificities of the replication cases, including strengths and weaknesses of each 
sectoral service with respect to its replication potential, are highlighted. Also, potentials on 
scalability and future replication candidates are discussed. 

Chapter 9 provides the concluding remarks on the market replication process in the frame of 
the PUCS (Climate-fit.city) project. Here, also the main achievements expected from the 
implementation of the replication services are listed. 

 

 

 

                                           

1 SC5-01-2016-2017: Exploiting the added value of climate services – a) Demonstration of climate 

services (2016 – Innovation Action – IA) 
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The project proposal/DoW defines the concept of the service replication process as follows: 
The aim of the replication phase is « to implement new sectoral case studies, involving a 
new group of users that (in contrast to the users involved in WP2) operate without 
project funding, the goal of which is to demonstrate a first step towards upscaling and the 
long-term viability of the PUCS urban climate services. » 

Based on this objective, each sectoral service provider (purveyor) aimed to identify at least 
one new user for his sectoral case and to arrange official agreement expressing the interest 
of this new user in the respective replication case.  

For identification and selection of these new market replication cases and users, the 
following general conditions – selection criteria – have been specified: 

• Formal interest of potential client: the replication cases can be selected from a list 
of potential clients that have already expressed interest in the past, but were not 
convinced yet (or did not have the means to finance the service). However, we also 
actively tried to attract new potential users as well. 

• Potential client has adequate insight in the content to be able to co-develop the 
service and give relevant feedback as to ensure the relevance and applicability of 
Climate-fit.city service components. 

• Potential client has access to all data  that are needed to successfully implement 
the service: new users should be able to provide essential local data, and also 
provision of urban climate data by Climate-fit.city’s data providers (VITO and 
KULEUVEN) should be feasible for the (new) city of interest. 

• Potential client has data and insight to monitor the added value of the service. 

• Upscaling potential: we aim at demonstrating a first step towards upscaling and 
long-term viability, therefore, we are looking for: 

• Replication (of existing services, adjusted to new users’ needs) 

– in cities within Europe, to illustrate the large potential for 
upscaling for some sectoral services; 

– in cities outside Europe, to illustrate that growth outside the 
European borders eventually could be achieved; 

• Deployment of (existing) services in other fields of application, to 
reveal the flexibility of the urban climate service set-up; 

• Development of a service addressing a new topic, to demonstrate 
Climate-fit.city’s thematic upscaling potential (while still tapping from 
the same primary urban climate data); 

• A potential client that is member of a larger organization so 
multiplication of the service is straightforward. 

Based on these criteria, each sectoral service provider (purveyor) identified at least one new 
replication service case for a new committed user. Details on these replication services are 
provided in the following chapters.  
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Replication city: London 
     

Climate data provider: 

VITO 

 Service provider (purveyor): 

ISGlobal 

 Service user: 

LSHTM 

(+ potentially Public 
Health England) 

 

The climate and health replication service is a collaborative initiative between ISGlobal, 

Public Health England (PHE) and the Health Protection Research Unit at the London 

School of Hygiene and Tropical Medicine (LSHTM), London, United Kingdom.  

VITO is the urban-scale climate data provider, ISGlobal is the purveyor of the service, and 
LSHTM and PHE are the final end-users.  

While the interest of the London School of Hygiene and Tropical Medicine (LSHTM) is 
formally confirmed through the Letter of Interest (see Annex A1), the formal involvement of 
the Public Health England (PHE) is currently still under discussion. It might still require some 
time and progress of the service to receive the official confirmation of the interest of PHE.  

The purpose of the climate and health service for the city of London 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, and Index of Multiple Deprivation (IMD); 

(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. 

 

ISGlobal and LSHTM are collaborating in the project through the exchange of climate and 

mortality data, and the development of the methodology behind the new service design. 

ISGlobal and LSHTM have also been actively involved in the discussion of the project 

objectives, and how to adapt them for mutual benefit. LSHTM provided the contacts to 

reach PHE and other decision-makers, such as the London city council. The co-design of the 

replication case has been discussed through online conferences and email exchanges with 

LSHTM and PHE. The main objective of the conversations was to agree on the information 

to be delivered, and to ensure that the required data is available. ISGlobal prepared the 

study protocol and shared it with LSHTM in order to know the available datasets for the 

design of the service and the development of the methodology. The LSHTM will process the 
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detailed information associated with each individual mortality record for the study period 

2007-2016. The mortality data includes spatially-detailed socio-economic information such 

as date of death, age, sex, 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 mortality records. Below, 

we briefly describe the co-design service process between the climate data provider and the 

purveyor (VITO and ISGlobal, see section 3.3.3). 

 

The user’s interest was expressed through emails and online conferences when the project 

and the first service demonstration were presented, which was also shared with PHE and 

LSHTM. The letter of interest was provided by LSHTM, and is included as attachment. 

 

The initial user needs and interests for the health service have been discussed and identified 
with PHE on 28th November 2018 through Skype meeting as follows: 

 

Table 1: Overview of the user & stakeholder needs addressed by the health service 

User & stakeholder needs identified Addressed by the new climate service 

Impact indicators which take into account the 
vulnerability of the population exposed to extreme 
temperatures. 

Yes 

Huge need to have higher spatial resolution 
information for urban heat plans at neighbourhood 
level. 

Yes 

Mask for forecasts with no skill Yes, we plan to give the option to mask non-
statistically significant results.  

 

Mainly need for 2m temperature plus dew point 

temperature 

Yes  

Indoor temperature estimation could also be useful No, out of the scope of the project. 

 

Humidity indicators are very demanded for London Yes, we can provide them on the website 

 

Share raw data, going beyond maps Yes, the project is going to provide raw data as well. 

 

Interest in temperature difference compared to a rural 
reference station 

Yes, we can provide that. 
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Some additional end user needs will not be addressed by the service, because they would 

either require dedicated research, which due to the nature and short time scale of the 

project is not feasible and out of scope of the call, or they would require the use of other 

climate models or ancillary data.  

 

Several changes were identified based on the needs expressed by the stakeholders, but also 

on the datasets available for this replication case. There are some socio-economic indicators 

for the city of London that are completely different from the demo case in Barcelona, which 

require a re-definition of the service. For example, the spatial scale of the service in London 

will be the Lower Super Output Areas (LSOA) for the individual level data, which includes 

age, sex and deprivation index. The stakeholder needs (in table 1) are also different 

compared to the initial demo case, and the new ones need to be addressed in the 

replication case. For example, the time scale for the replication case is 2007-2016, which 

implies that fewer deaths are included in the analyses, and therefore uncertainties are 

larger. Instead, other indicators and characteristics are not largely different than in the initial 

service, such as the availability of the "Index of Multiple Deprivation" (IMD), which is 

available at the LSOA level for the city of London, while a similar indicator was available at 

the neighborhood level for the city of Barcelona. This indicator could be mapped and 

overlaid on the heat risk ratio maps to find the association with these socio-economic 

indicators. 

 

The end-users of the service criticized the statistical approach that has been used to 

generate the future urban climate projections, which by design, implies that almost the 

same warming occurs in all the grid-cells of the metropolitan domain. In other words, the 

map “future scenario minus present time” shows a uniform warming value, with no 

differences between areas (e.g. the coastline, the city center, the rural areas, the 

mountains, ...). This implies that the future mortality, which heavily depends on the 

warming, will essentially increase to the same extent in all the areas of the city, and 

therefore, no spatially-detailed information on future mortality changes can be provided to 

the end-users. 

 

The climate service is designed to address the needs of a range of actors in the city of 

London. There are two different types of products that will be generated: one is a scientific 

report of the methodology, and the other one an interactive map that emulates the one 

developed for the city of Barcelona, i.e. relative risk maps for vulnerable groups, such as by 

age, sex and education level. This service will be developed and delivered one-time, and will 

not be regularly updated. PHE is involved in the development of the resilience and 
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adaptation plan to address the negative effects of climate change, but it also participates in 

a wider range of plans (see https://www.gov.uk/government/publications/heatwave-plan-

for-england). Therefore, this service could contribute to improve this range of plans, by 

implementing new actions and interventions to reduce the negative effects of extreme 

temperatures on health in London.  

 

The health service will include a report and vulnerability maps to heat at the LSOA level. 

These maps will show different vulnerable areas by age, sex, education level and social 

indicators (deprivation index) associated to heat. The service will use high-resolution climate 

simulation data for the present and future taken into account future changes in the climate 

determinants of human mortality, and infer how these changes will modify the vulnerability 

of human in each LSOA region. The service will provide maps for the study period (2007-

2016) and several future climate scenarios of greenhouse gas emissions (RCPs 4.5 and 8.5). 

Different time horizons will be provided (e.g. 2030-2050 and 2050-2100). 

The service will produce a report on vulnerability to heat for the study period (2007-2016). 

These will include maps of the relative risk of mortality due to heat, for example by age, sex 

or education level when significant results are found. The UK census data is available at the 

LSOA level (e.g. education level and deprivation index), which will be added in a second 

phase of analysis as effect modifiers, thus showing how differences in these indicators affect 

the relationship between temperature and mortality in each LSOA region. The age in our 

case is one of the most important factors, as the elderly are the most vulnerable group. The 

analysis will stratify by age and sex, if they show relevant information for decision-making 

(e.g. if there is enough statistical power). The other groups that might be considered will be 

sex (male and female), education level (no education, education) and cause of death 

(chronic disease condition), which will be classified based on the census data. The effect 

modifiers or indicators referring to the social and demographic factors will be used to 

generate vulnerable risk maps based on the socio-economic indicators (deprivation index, 

chronic conditions and ethnicity). 

 

Description of the climate and non-climate data needed as an input for the service 

Non-climate input data  

Non-climate data used by the replication case are mainly daily mortality records and socio-

demographic data for the city of London. The daily mortality data is available from LSHTM 

for the period of January 1st 2007 to December 31st 2016. The detailed information of each 

individual death includes date of death (day, month and year), age (through date of birth), 

sex (male or female), postcode of death, postcode of residence. The socioeconomic and 

demographic parameters will be obtained from the "UK Census data", which includes among 

https://www.gov.uk/government/publications/heatwave-plan-for-england
https://www.gov.uk/government/publications/heatwave-plan-for-england
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many other variables, the deprivation index, age, gender and NDVI (Normalized Vegetation 

Index) for each of the LSOA area of the London city. 

Climate input data 

UrbClim 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 ERA-Interim. Further details can be found in the publicly available reports of 

WP5, D5.1 “Urban primary data needs analysis”, D5.2 “Urban Climate Data for 

Demonstration Cases” and D5.3 “Urban Climate Data for Replication Cases”. UrbClim will be 

driven by a number of GCMs contained in Coupled Model Inter-comparison 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). 

 

Description of the processing steps needed and methods applied to translate the input data 
into the service output 

Statistical methods to translate input data into service output 

A case cross over technique will be applied because it is an effective method to describe the 

effects of short term exposures such as heat. The analysis will be limited to the summer 

months May-September and will be conducted in three stages: 

Stage 1 – heat effect on health 

Heat effect beyond a threshold temperature (minimum mortality temperature) will be 

estimated for each record by using conditional logistic regression to give an Odds Ratio (OR) 

per record. For each record, the date of death is identified as a ‘case’ and days preceding 

and following this date are identified as ‘controls’. These will be further associated by day of 

week which gives 1 day (case) and 3 day (controls). The lag in the exposure-response 

relation will be up to seven days. The potentially confounding effects of air pollution and 

relative humidity will be controlled. 

Stage 2 – modification by social/demographic factors 

To examine modification by age and sex, an interaction term will be fitted on the 

temperature and age (binary) and temperature and sex variables; binary coded as <= 65yrs 

vs 65yrs plus, and male vs female, respectively. To examine the effect modification of 

deprivation, individual ORs will be aggregated at the LSOA level to explore the variation by 

deciles of the Index of Multiple Deprivation (IMD). 

Stage 3 - modification by contextual factors 

Estimated heat effects will be used in a meta-regression to test the relationship between the 

built and natural environment and the increase in risk. This analysis will be conducted at 
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postcode level when the modifiers are land-use, density of vegetation (NDVI) and indoor 

temperature exposures, and at LSOA level where the modifiers are tree cover and building 

type. 

 

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 through conversations (teleconferences) 

with PHE and LSHTM will be used to design the service to the best possible extent, so that 

we address the most relevant needs.  

From large scale climate data to urban scale climate data   

The UrbClim model downscales the 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 Climate Reanalysis from the European Centre for Medium-Range Weather Forecasts 

(ECMWF), available through the Copernicus Climate Change Service (C3S). 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 2000 until 2017, which covers the 

analysis period, but will not allow generating indicators based on averages for 30 year 

periods. In case that these indicators are needed, VITO will provide UrbClim runs for all the 

ERA-Interim period. Data from UrbClim runs with ERA-Interim will be carefully used by 

ISGlobal, and will be substituted by ERA5 as soon as it is available. 

 

The co-design process between VITO and ISGlobal has been highly efficient and very fluid. 

It has been done mainly by email and online calls, but also through face-to-face meetings 

during the general assemblies and a visit to VITO premises in Antwerp.  

The development process of the service has taken into account the local stakeholders, and 

end-user needs were identified, which also took into account the technical feasibility of the 

considered options. ISGlobal and VITO agreed that the climate simulations had to include 

the entire Greater London Area, which implied that the resolution had to be 250m in space, 

instead of the much finer resolution of the Barcelona service at 100m resolution. This was 

due to the much greater area to be modelled in this case. The grid is 351 x 351 points 

(around 88 x 88 km), while the Barcelona service had 401 x 401 points (40 x 40 km). This is 

a lower resolution but still sufficient to describe the administrative units for which the 

climate-mortality relation will be calculated. It covers the entire geographical area of the 

Greater London Area, where more than 8.5 million people live (according to mid-2014 

estimates given by UK Office of National Statistics).  
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The list of climate variables to be provided was carefully decided between ISGlobal and 

VITO. Data for a 30-year historical period will be provided (1988-2017), and climate 

projections up to 2100. The chosen climate variables are daily data of air temperatures 

(minimum, mean and maximum) and humidity (dew point, and relative humidity). Other 

variables, like surface temperature and wind speed have also been saved to allow further 

studies and validation of the model performance. 

 

 

We discovered many strengths and weaknesses during the generation of the initial demo 

case, which have been taken into account while designing the replication case. The main 

advantage is that we have already developed the methodology, and therefore the modelling 

of the relation between climate and mortality data will be relatively easy to replicate. 

However, there are a number of limitations which we need to acknowledge (detailed in 

section 3.2.4). The demonstration case includes several vulnerability indicators that cannot 

be replicated due to the lack of available data. For the demo case, socioeconomic data was 

available at neighborhood level, while for replication case it is at the LSOA level. Therefore, 

the features/characteristics of the service are different than in the demo case, which for 

example modifies the statistical power of the analyses. 

In addition, in the Barcelona service, when we mapped the vulnerability of the population 

groups at the neighborhood level, we did not find significant differences among the 

geographical areas, and therefore the unit of the analysis has been changed to the (bigger) 

district level, to increase the statistical power of the analyses. This is another challenge 

associated with the methodology of the replication, given that it is uncertain whether we will 

be able to find significant differences at the LSOA level in London.  

 

There is potential for the scalability of the service, for example, by extending it to the 

Barcelona metropolitan area or to the whole of Catalonia, for which we also have now 

mortality data. The methodology developed in the service can be easily implemented in 

many other regions for the climate-based indicators, but it is more unlikely for the climate-

mortality relationships due to data availability. The main advantage of our service in regards 

to scalability is readiness of platform and the method of translation of the climate input data 

into service output. The main issue is that the climate-mortality association cannot be 

implemented at the very small geographical scale in the whole continent, given that 

mortality data is scarce. The health sectoral plans for scalability are to simplify the 

methodology and use regional mortality data as representative of the cities, which could be 

combined with spatially-detailed simulations from the urban climate models. 
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The potential for future replication plans in the health sectoral case is under discussion, but 

currently, there is no specific plan for scalability. However, it could be feasible and replicated 

to other parts or cities in Europe if the methodology was simplified, as explained above. 
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Replication city: Bern, Barcelona, Prague, Rome, Vienna (Bolzano, Luzern) 
     

Climate data providers: 

VITO 

 Service provider (purveyor): 

Meteotest AG 

 Service user: 

PRONOO AG 

 

For this Sectoral Case, we have chosen to work with the same end-user as in the 
Demonstration phase (Pronoo AG), and expand our services to all the cities for which the 
needed climate input data are available within the project, to show the upscaling potential of 
the service. The rationale behind this is that the end ‘product’ of the service (the Meteonorm 
software) is used by a lot of stakeholders (architects and building designers/engineers), who 
expressed interest in having the tool available in a large amount of cities, without being a 
formal end-user in this project. Therefore we opt to continue the formal collaboration with 
the same end-user, with which the collaboration is excellent. 

The purpose of this Sectoral Case is to get buildings better adapted to the urban 
environment and future climates and to lower energy consumption in more and more cities. 
To give an example: buildings that are better protected against future and more extreme 
heat waves, will have less cooling needs than buildings adopted to current climates. 

To do this, urban effects have been included in an update of Meteonorm Version 7.3, which 
is a standard tool for climate data for building design. The upgrade is free for current users 
(of version 7.2). The access is easy and straightforward. Users of this are architects and 
building designers/engineers who work with projects in one of the 5 cities, where urban 
climate data are available. 

 

The user and purveyor organized two workshops to attract extra stakeholders. In the first 
one data needs of stakeholders have been asked; in the second one modelled climate and 
buildings have been discussed. 

The interface between the two has been defined in the first stage. It is an ASCII text file in 
the "IDA-ICE" format, which can be imported into the building simulation tool IDA-ICE. This 
software is used by Pronoo to simulate buildings. Exchange between purveyor and user 
have been organised regularly by telephone, meetings and writing conference papers. 

 

During the 2nd user workshop two participants confirmed their interest in this project and 
its results (Gerhard Zweifel of HSLU, Lucerne, Switzerland and Swiss Engineers and 
Architects Association and Manuel Frey of Gruner-Roschi AG, Bern, Switzerland and IPBSA-
CH). Günther Gantioler of TBZ Bolzano (Italy) expressed his interest earlier.  

We have also contacted 30 current Meteonorm users, presumably dealing with building 
design, located in one of the five cities we will model in this replication phase. 
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Introducing urban data in a "mass" product with approximately 2000 users and low price 
(CHF 675), offers advantages for replication as there are many potential users available. The 
disadvantage of integrating the data in this kind of product is, that it's not easy to find 
clients, who confirm their will to officially replicate it. Future inclusions of more cities will 
help the replication. 

 

Many issues on the list defined in the first workshop have been satisfied. The interactive 
service gives results for today's climates and mid-century projections for any site within the 
covered cities.  

Nevertheless some points on the wish list couldn't be covered. Among them are modelling 
wind flows or including extremes and variability for future climates. Legal aspects – way out 
of the scope of this project – but important for users couldn't be solved as well. 

 

Table 2: Overview of the user & stakeholder needs addressed by the service 

User & stakeholder needs identified Addressed by the new climate service 

Time period: 2045-74 Partly: for most cities only 2046-55 due to calculation 
limitation for UrbClim model 

Temporal resolution: 1 hour yes 

Spatial resolution 250 m Partly: temperature distributions are store in 400 m 
resolution in city centres due to limitation of disk 
space in Meteonorm 

Duration: 20 years Partly; 10 years for most cities 

Parameters: temperature, humidity, wind speed, wind 
directions  

No; only temperature and dew point handled; rest of 
parameters are not adapted to local climates (wind 
speed only roughly) 

Cities: 2 Yes; more cities (5) included than foreseen (more 
would be helpful) 

Scenarios: RCP 6.0 No: RCP 4.5 and RCP 8.5 used (this is even better) 

 

There are no adaptations regarding the model and the way of presenting the data needed. 
Enhanced numbers of cities are wishful. 

 

The comparisons done in the first phase showed that urbanized Meteonorm delivers correct 
urban data, which includes features important to take into account for building simulation. 
Nevertheless it has to be kept in mind, that also enhanced and urbanized data are modelled 
and only an approximation of the reality. 
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A validation of the model for the whole area couldn't be done yet due to missing data 
(missing measurements within the cities). This will be potentially possible with the results of 
the measurement campaign of the University of Bern during summer 2018. 

 

The service is fully integrated in Meteonorm Desktop software Version 7.3 
(www.meteonorm.com). Tests showed (Remund and Grossenbacher, 2018) that this is a 
feasible way to include urban effects for the building energy use case. 

Version 7.3 was published November 21st 2018 and included the data for Barcelona, Bern, 
Rome and Vienna. The next patch (7.3.1) planned for January 2019 will include data for 
Prague and also future climates for scenarios RCP 4.5 and 8.5 for the period 2046-55 for all 
five cities. The upgrade from 7.2 to 7.3 and also patches are free. 

Meteotest plans to update the service regularly. Meteonorm has a global coverage. Like this 
the objective is to cover all major cities worldwide. Major upgrades are done normally every 
2nd year. Updates and patches are provided every 3-6 months. Inclusion of new cities can 
be done within patches. 

Meteonorm has currently 2000 users. About 30% of them are coming from building 
simulation or architecture. However, from most clients we don't know how and for what 
they use the software. 

 

Meteonorm includes about 8300 meteo stations and 3300 predefined sites (coordinates of 
cities without directly linked meteo data). Additionally, users can define their own sites by 
entering latitude and longitude. The predefined sites or meteo stations within the coverage 
of urban data are marked with a red sun (example for the city of Vienna). 

 

 

Figure 1: Example of pre-defined site or meteo staiton within the coverage of urban data 

 

The coverage will include the model area calculated by VITO for all 5 cities. Figure 2 shows 
the area of Vienna as an example. Within the cities, temperature distributions and averages 
are stored on a regular grid with a resolution of 400, 800 and 1600 m (highest density in the 
centre). Those distributions are used to model the urban heat temperature effects for any 
site within the area. 

http://www.meteonorm.com/
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Figure 2: Area covered for the city of Vienna and test sites. Left: area and meteo stations; 
right: average yearly temperature, grid points where temperature distributions are stored 
and meteo and test stations 

As stated above the users can define their own sites by entering (at least) latitude and 
longitude. Like this, results are given for all geographical points. The results are the same as 
in standard Meteonorm: monthly and yearly climate values and typical years in minute, 
hourly or daily time resolution (in many different output formats – not just IDA-ICE). The 
inclusion of urban heat data is only activated for sites, where the local definition is set to 
"city" (like this, the user can switch on and off the urban effects). 

Future data are accessible by choosing climate scenarios and future time periods. In Version 
7.3 worldwide coverage is based on IPCC AR3 anomalies and three scenarios (B1, A1B and 
A2) (2020 – 2200). In case the chosen location is within the covered area (of the 5 cities) 
and the time period is between 2040 and 2060 users will be asked to choose between the 
standard method for future data (IPCC AR3 anomalies) or the climate-fit.city based data. 
Instead of scenario B1 and A1B RCP 4.5 is used and for A2 RCP 8.5 (knowing that there are 
differences between them).  

In Table 3 average yearly temperatures for the three test sites in Vienna are listed as an 
example. 

 

Table 3: Average temperatures for three sites in Vienna. MN = Meteonorm 

 
Vienna/ 
Centre 

Vienna/ 
Airport 

Vienna/ 
Hohe Warte 

MN 7.3 (2000-2009) 11.8 10.8 11.1 

MN 7.3 / RCP 4.5 (2046-55) 13.9 13.1 13.2 

MN 7.3 / RCP 8.5 (2046-55) 14.7 13.8 14.0 

Urban effect is in the range of 1°C, climate change in the range of 2.1-3.0°C. The combined 
effect can rise to 3.9°C. 
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The temperature distributions are based on hourly UrbClim data of at least 10 years based 
on ERA-Interim and future climates. For dew point temperature partly additional local 
measurements have been used (this parameter hasn't been available for all 5 cities). Those 
distributions are used for the stochastic model to generate typical years. Distributions are 
interpolated in-between the stored sites to get results for any point. To calculate the climate 
values and the typical years all other climate variables (like global radiation or precipitation) 
and background information of Meteonorm is needed and used. The compression rate 
between the original UrbClim data and the data in Meteonorm is 1:30'000. 

 

Since this replication case is a continuation of the demonstrator case, the cooperation 
between climate data provider and service purveyor is straightforward. The meteorological 
variables and format of the climate data have been discussed before and the methodology 
to transform them into typical meteorological years for a given list of sites in the format 
IDA-ICE – the building simulation tool run by the user – was already established. The data 
for the new cities (both historical and future climate data) can be delivered when they are 
ready.  

 

 

With Meteonorm the replication is technically easy. All users of Meteonorm 7.3 using this for 
building simulation and having projects in one of the five cities can replicate it. 

The disadvantage of integrating the data in a kind of mass product is, that it's not easy to 
find a client, who confirms their will to officially replicate it. Future inclusions of more cities 
will help the replication as well. 

 

The service is easily scalable by inclusion of more cities. Bigger efforts are needed to 
produce UrbClim data for 10 current years (e.g. 2007-16) and 10 future years (RCP 4.5 and 
8.5 for 2046-55). The inclusion in Meteonorm software is automated and takes about 2 
hours of work per city.  

 

Results of climate data and building simulation based on the given 5 sites show, that urban 
effects and climate change matter. Additionally the inclusion and access to this data in 
Meteonorm is straightforward. Like this the potential is huge. It mainly depends on the 
possibility to include further cities and to advertise the advantages of using them. 
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Current building codes are hindering the use of this kind of data as in many countries 
neither urban effects nor climate change has to be taken into account. Using such data may 
even lead to juridical issues (and lead to rejections of construction plans). 

Meteotest accessed 35 potential users by e-mail, all of them current users of Meteonorm. 5 
are participants of the Building energy workshop, 30 are localized in one of the 5 cities 
covered by the service and are dealing presumably also with building design. 
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Replication city: Prague 
     

Climate data provider: 

VITO 

 Service provider (purveyor): 

KU Leuven & GISAT 

 Service user: 

City of Prague 

 

The purpose of this replication service on Emergency Planning is to model the potential 
pluvial flood risk hazard in the city of Prague.   

The city of Prague is located along the Moldau River in the hilly terrain. Due to its terrain 
profile, the city centre is strongly prone to floods, both coming from the River Moldau, but 
also from the torrential rain events. The pluvial floods coming from torrential rain and storm 
events have been quite frequent in past years. The most current one, which occurred in 
June 2018, brought severe pluvial floods into the city centre, and even killed few people.  

Based on these experiences, the city representatives are well aware of the pluvial flood risk 
hazard and are searching for methods which will help them to predict potential torrential 
rain events and also to identify locations and objects most endangered by the floods and 
mitigate the risk and consequences of such events.  

As a response to this demand, this service will bring the information about the extent of 
pluvial flood hazard in the city of Prague. The structure of the service and its results will be 
similar to the one which has been prepared in the demonstration phase for the city of 
Antwerp.  

For this replication case, a specific area of interest in Prague, which is particularly 
endangered by potential pluvial floods, will be defined by the city council, and the replication 
service will be implemented for this area.  

The user of this replication service will be the Department of the Environmental 
protection of the City of Prague.  

 

As described above, the reason why the city of Prague has been first identified as a 
potential replication user for the Emergency Planning service is based on  the experience 
that the city is endangered by pluvial floods (2018). The issue of protection against the 
damage and losses caused by pluvial floods seems to be a very actual one currently for the 
city. Therefore, it was expected that the city could see the benefits of such service easily 
and be interested in testing the service in the city of Prague as a replication city.  

The following press articles are documenting the most intensive pluvial floods, which 
occurred in the city in the last few years: 

- Press Report on pluvial floods in Prague on 22.07.2014:   
https://prahatv.eu/zpravy/praha/vsechny-mestske-casti/116/privalove-deste-zasahly-
metropoli 

https://prahatv.eu/zpravy/praha/vsechny-mestske-casti/116/privalove-deste-zasahly-metropoli
https://prahatv.eu/zpravy/praha/vsechny-mestske-casti/116/privalove-deste-zasahly-metropoli
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- Press Report on pluvial floods in Prague on 31.05.2016:   
https://www.idnes.cz/praha/zpravy/bourka-praha-zlichovsky-tunel-
vytopen.A160531_161940_praha-zpravy_nub  

- Press Report on pluvial floods in Prague on 09.06.2018:   
https://www.idnes.cz/zpravy/domaci/pocasi-vystraha-bourky-
meteorologove.A180609_110532_domaci_jkk 

The following figures are showing the locations in the city of Prague, which are usually 
mostly affected by the pluvial flood events and are likely to be selected as the area of 
interest for this replication service.  

 

Figure 3: Area in the Prague city centre, most affected by the pluvial flood event on 
09.06.2018 

https://www.idnes.cz/praha/zpravy/bourka-praha-zlichovsky-tunel-vytopen.A160531_161940_praha-zpravy_nub
https://www.idnes.cz/praha/zpravy/bourka-praha-zlichovsky-tunel-vytopen.A160531_161940_praha-zpravy_nub
https://www.idnes.cz/zpravy/domaci/pocasi-vystraha-bourky-meteorologove.A180609_110532_domaci_jkk
https://www.idnes.cz/zpravy/domaci/pocasi-vystraha-bourky-meteorologove.A180609_110532_domaci_jkk
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Figure 4: Areas in Prague, most affected by the pluvial flood event on 09.07.2018: smaller 
area - highway tunnel which was completely flooded during the event and 
residenital/commercial quarter which is the part of wider city centre 

Also, GISAT is in close contact with the city of Prague representatives because of the 
running implementation of the Climate-fit.city Urban Planning service. Therefore, it was easy 
to initiate the contact with the city and offer them the Emergency Planning replication 
service. 

The character of the Emergency Planning service had been first presented by GISAT to the 
city of Prague during an internal Climate-fit.city project meeting in the summer of 2018. A 
short summary presentation had been provided to the city, which described the character 
and expected outcomes and benefits of the service. The city of Prague expressed 
preliminary interest in such type of service.  

Based on this, an extended presentation has been given by GISAT, showing in detail the 
structure and results of the Emergency Planning demonstration case, as implemented for 
Antwerp. Based on this presentation, the city of Prague expressed the official interest in the 
service. 

Due to this quite late timing, it is agreed that details on the service implementation for the 
city of Prague will be discussed and agreed in the first weeks of 2019. Currently, the city of 
Prague is considering three potential areas of interest inside the city, for which the service 
could be implemented. The next step is the specification of the selected area of interest by 
the city.  

 

In response to the presentations on the Emergency Planning service, as provided by GISAT, 
the city of Prague expressed the official interest in the service, which has been confirmed by 
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the supporting Letter of Interest, signed by the city council of the City of Prague on 29th 
November 2018. The scanned copy of this Letter of Interest is provided in Annex A.3.   

 

 

Table 4: Overview of the user & stakeholder needs addressed by the service 

User & stakeholder needs identified Addressed by the new climate service 

Prediction/forecasting of torrential rainfall events Yes 

Estimation of changes in the frequency of extreme 
rain storms and pluvial floods in the future 

Yes 

Identification of localities (and objects like buildings, 
constructions, infrastructural features etc.) most 
endangered by pluvial floods  

Yes 

Modelling distribution and extent of pluvial flood zones 
(inundation area, maximum inundation depth) on the 
surface in case of potential torrential rainfall events  

Yes 

Modelling distribution and extent of pluvial floods 
under the surface in case of potential torrential rainfall 
events  

Yes 

Modelling floods coming from torrential rainfall events 

with different intensities 

Yes 

Identification of areas suitable for implementation of 
“buffer” features – both natural or artificial  

Yes (feasibility to be checked and confirmed) 

Impacts on traffic infrastructure including tunnels and 
metros, in relation to the location and extent of the 
flood 

Yes (feasibility to be checked and confirmed) 

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

Yes (feasibility to be checked and confirmed) 

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

Yes (feasibility to be checked and confirmed) 

 

The same methodology as for the city of Antwerp will be applied, but the software used for 
the hydrodynamic model available for the sewer network of the city is different. Whereas for 
the city of Antwerp the software was InfoWorks ICM, it will be the Mike Urban software by 
DHI. This means that new interfaces have to be built to make the approach developed by 
KU Leuven for the urban flood modelling and mapping, working for the new software. In 
addition, the density of the rain gauge data is different and additional tasks have to be 
conducted to derive rainfall intensity-duration-frequency (IDF) relationships and composite 
storms based on these local rainfall data. Depending the available data and systems 
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characteristics, many more adjustments may need to be applied to the methodology, but 
this will become clearer at a later stage, when the urban flood modelling work is conducted.   

 

During the demonstration case for the city of Antwerp, feedback was received from the local 
emergency planners on their needs in terms of spatial detail and on the inundation depth, 
extent and frequency information. It also became clear that criteria had to be applied to 
decide on whether a specific building or road gets significantly inundated based on the 
proximity of the inundated zones and their inundation depths. The same adjusted approach 
and criteria will be applied for the Prague replication case, but the final results need to be 
discussed with the city authorities at a later stage, which most likely will lead to additional 
adjustments depending on the local conditions and preferences. 

 

 

The Emergency Planning Replication Service for the City of Prague should have two main 
results:  

• prediction/forecasting of frequency and intensity of torrential rainfall 
events in the future (considering different climate scenarios) 

• pluvial flood maps showing distribution and intensities of floods in the area of 

interest in the city 

The service provider will model a hypothetic pluvial flood event for the specific area of 
interest in the city (which will be defined by the city council). Various intensities of the 
torrential rain event can be taken into consideration, and based on them, two or more 
different versions of the model of pluvial flood extent will be prepared.  

As a result, pluvial flood maps will be prepared for the area of interest, showing 
distribution and extent of the pluvial flood zones (inundation area, maximum inundation 
depth) on the surface. Also, the expected extent of floods under the surface will be assessed 
and endangered spots and underground features (parking lots, metro stations, etc.) will be 
highlighted.  

Particular emphasis will be put on the identification of localities and objects like buildings, 
constructions, infrastructural features, etc., which are most endangered by pluvial floods. 
Impacts on traffic infrastructure including tunnels and metros, in relation to the location and 
extent of the flood, will be followed and assessed, based on the results of modelling.  

The resulting maps will be made available for the users, preferably in the form of interactive 
maps available online. For that purpose, a web tool prepared by GISAT can be exploited, 
which serves for visualization and interactive analysis of geo-based data.  
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Figure 5: Example of pluvial flood maps showing distribution and depth of floods (Atwerp 
city centre). Similar maps will be prepared in the frame of replication service of the area of 
interest in Prague. 

 

The service provider identified the data necessary for the service implementation.  

Following data are needed: 

• Rainfall data for some historical events (at high temporal resolution, e.g. 15 minutes 
intensities, or at the response time of the drainage system); or even better: a rainfall 
time series with such time step for at least one rain gauge location nearby the study 
area  

• High resolution DEM (about 1-2 m spatial resolution) 
• LU/LC layer indicating the green areas (infiltration zones) 
• An existing sewer system (urban drainage) model for the study area (part of the 

city) 
• Information about historical inundations (at least locations) - not absolutely needed, 

but by preference 

Some of these datasets are provided as open data by the urban planning department of the 
city of Prague and can be directly downloaded from the GIS data portal of the city: 
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http://www.geoportalpraha.cz/en/main#.XC5BTWlCdaQ. This, for example, is the case of 
the DEM. As for the LU/LC layer, the city of Prague has very precise GIS datasets, showing 
the detailed land use structure of the city. Some other data (e.g. on sewer system) are kept 
as confidential by the city and will only be provided for the small testing area as defined by 
the city and only for implementation of this Emergency planning service for this specific 
area.  

Availability of the input data as requested by the service provider (KU Leuven) has been 
confirmed by the city of Prague. In the next weeks, necessary input data will be provided by 
the city and checked and accepted by the service provider.  

The processing steps needed and methods to be applied to translate the input data into the 
service output will be identical as in the case of the demonstration city of Antwerp, with 
potential small deviations, which could be caused by specific character of the area of 
interest or of the input datasets.  

To obtain the resulting pluvial flood maps and rainfall intensity predictions for the future, KU 
Leuven will use the rainfall climate statistics before and after climate scenarios, downscaled 
for the area of the City of Prague. 

 

Figure 6: Scheme summarizing the process of statistical downscaling of the ensembles of 
publicly available global, regional and local climate model outputs 

 

The climate data provider is in this case KU Leuven, who is providing climate data changes 
in extreme rainfall intensities at the small time scales of relevance for the pluvial urban flood 
hazard analysis and the city emergency planning related to this type of floods. Because 
these climate data need to be validated and downscaled, local rainfall data at high resolution 
in space (point rainfall at specific rain gauges, or city or sub-city averaged rainfall) and in 
time (at sub-daily time scale; more specifically at the response time of the urban drainage 
system of the city to local rainfall) are to be provided by the city authorities. KU Leuven then 

http://www.geoportalpraha.cz/en/main#.XC5BTWlCdaQ
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will process these data, will derive extreme rainfall statistics at the different relevant time 
scales after statistical extreme value analysis, will derive rainfall intensity-duration-frequency 
(IDF) relationships, and will derive composite storms for different return periods. These 
composite storms are then modified by KU Leuven according to the different climate 
scenarios, that are obtained from the ensemble of available climate model runs, after 
statistical downscaling. 

The task of urban flood hazard modelling, mapping and analysis also will be conducted by 
KU Leuven, with inputs from the city authorities on the urban drainage system 
characteristics and/or the existing urban drainage model, and the high resolution digital 
elevation model. If validation data are available in the form of data on the spatial extent of 
recent historical inundations and on the inundation depths, or other types of indirect data on 
the locations of recent historical floods, such as locations of interventions by the local fire 
brigade or crisis intervention teams, these data are provided by the city authorities and 
applied by KU Leuven for validation of the flood hazard results. After that validation, the 
composite storms for current and future climatic conditions will be simulated in the urban 
flood model and corresponding flood hazard maps produced by KU Leuven. 

The flood hazard maps are then shared with the other local stakeholders, next to the city 
authorities, involved in the local emergency planning, such as the fire brigade, the police, 
the hospitals, schools, traffic managers, etc. Local stakeholder meetings are organized to 
explain, receive feedback and plan for revised (climate-proof) emergency plans. 

The tasks mentioned above related to data collection and transfer, but also the task on local 
exchange of urban flood hazard results and stakeholder follow up, may be facilitated by a 
consultant or local institute in close cooperation with the city authorities. This is the case for 
the city of Prague, where GISAT facilitates the contacts between KU Leuven and the city 
authority and where GISAT will also prepare a web tool to serve as a visualization and 
interactive analysis of the urban flood hazard maps and related impacts on the form of geo-
based data. 

 

 

The replication is of intermediate difficulty when all the minimal data requirements are met. 
These data were available for the cities of Antwerp and Prague, and are expected to be 
available as well for most other cities in Europe. However, this does not mean that these 
data are also accessible, as many city authorities or the service providers who support them 
tend to protect their local data. 

When the following data and model(s) are available, the extreme rainfall statistics, storms 
and urban pluvial flood hazard maps can be produced for both current and future climatic 
conditions: time series of rainfall data but at high temporal resolution, at least higher or 
equal to the response time of the drainage system to rainfall; a high resolution DEM, about 
1-2 m spatial resolution; a land use or land cover layer indicating the green areas 
(infiltration zones); importantly: an existing hydrodynamic sewer system model for the study 
area. The hydrodynamic model can also be implemented if detailed data on the sewer 
system characteristics (sewer system layout, pipe dimensions, geometric properties and 
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operation rules for the hydraulic structures, etc.) are available. However, such 
implementation is time consuming and is for most cities in Europe already available 
(developed by a consultant as part of their sewer system management and planning 
process). The main problem is that the model is not always accessible. 

 

It definitely would be possible to scale up the urban flood hazard modelling and mapping 
under current and future climate conditions. The main limitations and difficulties are related 
to the data and hydrodynamic model availability, as discussed in the previous section. At the 
moment, it is difficult to get a good idea about this availability for other studies. For the city 
of Antwerp and Prague, data collection went / tends to go smooth but this can be worse for 
other cities. Another difficulty is that there are different software packages on the market 
for the hydrodynamic sewer system modelling. For the cities of Antwerp and Prague, for 
instance, the used software package differs, leading to additional time investment and cost 
to obtain a proper interface with the urban flood modelling and mapping climate service. 
When the application is repeated for another city that uses an already considered software 
package, the task becomes easier and cheaper. This means that the time investment as well 
as the cost of the service will decrease gradually over time after more cases have been 
implemented.       

 

Meanwhile, KU Leuven was approached by two other cities in Europe: Bruges (Belgium) and 
Tirana (Albania). They have very high interest in the service and negotiations with these 
cities are currently ongoing. This shows that there is a high need for the service and good 
potential to scale it up to many more future replications. However, the experience with the 
ongoing replication at Prague and related future promotion activities will play a major role 
here.    
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Replication city: Dhaka 
     

Climate data provider: 

VITO 

 Service provider (purveyor): 

GISAT 

 Service user: 

World Bank 
Urbanscapes Group 

 

The replication case for the Urban Planning service will be implemented for an outside-
European city. The service will be replicated for the city of Dhaka, capital of Bangladesh. 
Through this, the new service should demonstrate the possibilities of the Urban Planning 
service concept, methods and tools for the city which is lying in a developing country and in 
a different climatic zone than all the demonstration cities of the PUCS project. 

The user of this Urban Planning replication service is the World Bank Group 
Urbanscapes. The World Bank Urbanscapes Group aims to foster strong collaboration 
across different practice areas focused on the challenges of delivering innovative and well-
designed urban spaces and places that can serve as catalysts for creating productive, 
livable, inclusive and vibrant cities.2. Through this, the sustainable development of the cities, 
especially those located in developing countries, should be supported.  

The Urbanscapes Group concentrates on very practical issues connected with sustainable 
development at the local level. The group is working in specific cities and areas of interest 
and is selecting potential development areas in the cities to be invested in, based on many 
criteria. Among these criteria is also "heat stress" that should be added through this 
replication service.  

Through this, this replication case will demonstrate the "practical potential" of the Urban 
Planning sectoral products, tools and services for the users at the city and sub-city level. 

 

The World Bank Urbanscapes Group have been identified as a potential replication user 
based on currently running cooperation between GISAT (EO services provider) and this 
team (customer). The Urbanscapes Group is interested in urban planning and related issues 
and has strong link with cities in the South-East Asia region. The Urban Planning service will 
bring another – climate - aspect into the assessment of the urban development potentials. 

The communication between GISAT and the WB Urbanscapes Group started with a 
presentation which was prepared on how the Urban Planning service looks like and which 
benefits it can bring to the team. During a teleconference between GISAT and the WB 

                                           

2 See https://collaboration.worldbank.org/content/sites/collaboration-for-

development/en/groups/urbanscapes.html 

https://collaboration.worldbank.org/content/sites/collaboration-for-development/en/groups/urbanscapes.html
https://collaboration.worldbank.org/content/sites/collaboration-for-development/en/groups/urbanscapes.html
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UrbanScapes team, the potential interest of the WB team in Urban Planning service was 
discussed and confirmed.  

Next, the city of interest was identified – Dhaka, the capital of Bangladesh. For this city, 
there is a long-term cooperation between GISAT and WB. GISAT is responsible for detailed 
mapping production, showing the distribution and character of the land use in the city. The 
WB is the customer for this service and uses the data produced by GISAT for the purposes 
of the urban planning supportive investments of particular development places in the city of 
Dhaka.   

The WB UrbanScapes team expressed interest in both, the interactive urban planning tool 
and also in HR modelling (1m) for a specific smaller development area in the city and 
modelling few potential development scenarios. Also, there is an interest in testing the use 
of the global datasets like Global Urban Footprint Layer (GUF), World Surface 
Footprint (WSF) evolution3 etc. as the input land use data/information. Such approach – 
i.e. city climate modelling based on land use/land cover datasets with global coverage - 
would extremely increase the upscaling potential of the Urban Planning service – the 
approach would became applicable for any city in the world.  

Originally, there was also another World Bank team (focusing City Diagnostic) which was 
interested in the Climate-fit.city Urban Planning service. They were particularly interested in 
modelling the Urban Heat Island for the city of Yangon, Myanmar, based on global urban 
masks (GUF, WSF). 

However, during the preparative phase, the WB City Diagnostic team identified current lack 
of space and manpower to dedicate some additional efforts into assisting GISAT with 
preparation of this service and they decided not to formally express interest into this 
modelling. Therefore, the decision was made by the Urban Planning service provider, that 
there can potentially be some efforts dedicated to this task (GUF and WSF based modelling), 
however, only in case some space and resources will remain available on the side of the 
service provider. Also, this modelling would be done for the Dhaka City (not Yangon) in such 
case, in order to demonstrate the scaling potential of the modelling, starting with the global 
level product (GUF) as input data, continuing with the city level inputs (LU/LC layers), and 
finally getting to the highest level of spatial detail (3D data based HR modelling) on the sub-
city or neigbourhood level. 

 

The user´s - World Bank Group Urbanscapes´s - interest has been confirmed through an 
official email from WB Urbanscapes Team, addressed to GISAT as service purveyor. A copy 
of this e-mail is provided in Annex A.4. 

 

 

                                           

3 https://www.dlr.de/eoc/en/desktopdefault.aspx/tabid-11925/20985_read-48802/ 

https://www.dlr.de/eoc/en/desktopdefault.aspx/tabid-11925/20985_read-48802/
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Table 5: Overview of the user & stakeholder needs addressed by the service 

User & stakeholder needs identified Addressed by the new climate service 

Urban Heat Island map for the city of Dhaka (in 
100m) 

 Yes 

Interactive modelling tool for the scenario modelling 
available for the city of Dhaka  

Yes 

Model how the Urban Heat Island increases with the 
urban expansion of the city (sprawl, densification)  

Yes 

Model the exposition of vulnerable groups of 
inhabitants to extreme heat stress conditions – 
particular emphasis on poor people living in slums in 
the city 

Yes 

Heat stress indicator (WGBT) map for a specific 
development area in the city (in 1m resolution) 
including few potential development scenarios 

Yes 

Test the Urban Planning modelling service on the 
global land use/land cover datasets (GUF, WSF) as the 
input data for the city of Dhaka 

Yes, in case resources will remain for this task (is not 
absolute priority for the Urbanscapes team) (this test 
will only be done in case some resources will remain 
left, in order to demonstrate the upscaling potential of 
the service) 

Test the Urban Planning modelling service on the 
global land use/land cover datasets (GUF, WSF) as the 

input data for the city of Yangon 

No (the interest of the Wold Bank City Diagnostics 
team was not expressed officially at last) 

 

Considering the differences in the nomenclatures of the input LU/LC layers, the major 
adaptation expected is the adjustment of the nomenclatures through reclassification of some 
classes to the Copernicus Urban Atlas ones, which is used for the demonstration cities 
(Ostrava, Prague). 

However, the two nomenclatures are very similar, adopting similar logic. Therefore, the 
effort should not be very significant. Also, a similar task has already been done during the 
demonstration phase (WP2), where an adaptation of the nomenclature (conversion between 
Corine Land Cover and Urban Atlas) was necessary. 

From the side of climate data provider (VITO), it will be important to address correctly the 
different climate zone (tropical), which will probably require some additional effort, because 
all the cities which have been modelled in the frame of the demonstration phase (and also 
all other replication cases) are located in Europe – which means they belong to the mild or 
sub-tropical climate zone. On the other hand, inclusion of the city of Dhaka into the set of 
the cities to be modelled in the project offers the chance to prove the robustness of the 
UrbClim modelling method and to demonstrate the upscaling potential also for cities lying in 
different climate zones.  
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During the demonstration phase, the iterative interaction with pilot users has shown few 
lessons, which should be used for the benefit of the replication services. 

First, the service has been proved as interesting and desired by the city users, and the users 
confirmed that the Urban Planning service can serve well as a scientific support for 
empowerment of the environmental-friendly urban planning decisions in their cities.  

In particular, the users in both smaller and larger cities are interested in modelling at both 
scales – city scale (100m model) in combination with local scale modelling (1m model), with 
focus on specific small development areas inside the city. The city scale modelling in the 
interactive tool is showing the climate conditions of the city in wider context. The local scale 
HR modelling is showing potential for modelling of real development scenarios considered 
by the cities and can represent real support for specific urban planning decisions.  

What has been discussed during the final users´ workshop is that it is absolutely necessary 
to provide the end-users with scientific background of the UrbClim modelling method, in 
order to strengthen its credibility. And, of course, the reliability of the modelling method has 
to be well proven through verification of the results.  

Also, the interactive modelling tool has been well-accepted by the users, with specific 
requirement on improvement of user-friendliness of the web client application (UX 
readability). This requirement will be addressed by GISAT during the replication phase. 
Some effort will also be dedicated to improve the user-experience, readability of the web 
application and to the preparation of guideline materials, including videos and explanatory 
website, dedicated exclusively to the Urban Planning service description and highlighting the 
benefits of this sectoral service and its interactive web tool.  

 

One of the tasks done in the frame of the “replication” process was that the interactive 
scenario modelling tool has been integrated within the infrastructure of the Urban Thematic 
Exploitation Platform (Urban TEP) that is being set up by the European Space Agency (ESA) 
to support the operation of commercial EO based urban monitoring services. The tool is 
currently available at https://urban-tep.eu/puma/tool/, under the “Urban Climate 
Resilience” bookmark. 

The implementation of the Urban Planning service for Dhaka City will be very similar to the 
one for the cities of Prague and Ostrava. There will be no major deviations. Particular 
emphasis will be put on the modelling of exposition of the vulnerable groups of inhabitants 
(poor people) to the heat stress. 

 

The city of Dhaka is the capital and largest city of Bangladesh4.  

                                           

4 https://en.wikipedia.org/wiki/Dhaka 

https://urban-tep.eu/puma/tool/
https://en.wikipedia.org/wiki/Dhaka
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Figure 7: City of Dhaka – location (https://www.google.com/maps) 

The population of the Dhaka metro-region is about 20 million inhabitants. Many of these 
people, especially in the city centre, are living in very poor conditions, including informal 
settlements structures (slums). In addition, they are exposed to severe climate conditions 
(both high level of heat stress and flood risk), without appropriate infrastructure, which 
would mitigate the negative impact of the heat, like air-conditioning or water supply, and 
also without access to health care. This increases the vulnerability of these groups of people 
to heat stress. 

 

Figure 8: Climate data for Dhaka (https://en.wikipedia.org/wiki/Dhaka) 

The user of the replication service will be provided access to the online interactive 
modelling tool, which enables him to interactively model and save his own scenarios of 
the Dhaka city development in 100m resolution, based on the modification of the input 
land use layer. For this tool, the technological framework developed by GISAT in the frame 
of the demonstration phase will be exploited. And, the neural network model (prepared by 
VITO) for the city of Dhaka will be integrated into the tool. So, the modelling of the heat 
stress levels distribution for this city and close surrounding area will be enabled.  

https://www.google.com/maps
https://en.wikipedia.org/wiki/Dhaka
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Figure 9: Interactive modelling tool will be made available for the replication users, with 
integrated modelling for the city of Dhaka 

The input for the interactive tool will be the land use layer (in vector format), as prepared 
by GISAT in the frame of the EO4SD project (funded by ESA) and the output of the 
modelling will be the maps of two indicators showing the Urban Heat Island of the city 
(Mean UHI and the number of Heat Wave Days) in raster format, with 100m pixel size. This 
is the same approach as for the demonstration cities. 
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Figure 10: Concept of the interactive scenario modelling of the Urban Heat Island, based on 
modification of land use structure of the city (example Prague); this concept will be adopted 
for the replication case and will be implemented for the city of Dhaka 

Integral part of the service will be the exploration of the exposition of the poor people living 
in slums to the extreme heat pressure. This will be done using the overlay of the heat 
indicators maps and distribution of slums with estimations of population numbers and 
densities.  

Second, the user will receive a detailed map of the heat stress indicator (WBGT in 1m 
resolution) of the specific development area of interest in the city (approx. 500 x 500 
square meters), with 2 or 3 potential development scenarios modelled. This HR model 
will be prepared based on 3D data of the city, including buildings and trees.  
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Figure 11: Heat stress indicator map in 1m resolution for a specific area of interest in the 
city (current status – left, development scenario – right) ; example Hodonín – same type of 
product will be prepared for an area of interest defined by the WB Urbanscapes user in the 
city of Dhaka 

 

The climate-input data for this replication service will be the same as for the demonstration 
cities – i.e. global level climate and terrain data.   

As the main non-climate data input for the service, the land use structure layer for the 
city of Dhaka produced by GISAT will be used. The layer is representing the situation in 
the year 2017. The nomenclature includes several classes with focus on urban land use (see 
figure below). In particular, it distinguishes two different densities of residential areas, 
industrial/commercial units and urban green areas, which will be very important for the 
climate-related modelling.  
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Figure 12: Land use structure layer for Dhaka (data prepared by GISAT) 

The nomenclature of this layer will be adjusted so that it will be compatible with the 
Copernicus Urban Atlas nomenclature which is being used for the UrbClim model at the 
moment (coming from the character of the demonstration service).  

In the interactive web tool, this land use layer will be visualised in the map window and the 
user will have the possibility to modify the class of any polygon in the layer and through 
this, to simulate the change in the land use, which will lead to modification of the 
distribution of the heat stress levels (and re-calculation of the resulting heat indicators maps 
- UHI, HWD). 

As mentioned above, the particular emphasis will be put on the exposition of the vulnerable 
groups of inhabitants (in this case focus will be put on the poor people living in informal 
settlements – slums) to extreme levels of heat stress. For this purpose, the GIS layers in 
polygon format showing the distribution of the slums in the city will be used. Again, this 
layer has been produced by GISAT for the World Bank in previous projects.  
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Figure 13: Distribution of informal settlements (slums) in the city of Dhaka (data layers 
prepared by GISAT for WB) 

As input for the HR (1m resolution) modelling for a specific development area of interest in 
the city, the 3D data from OSM (https://osmbuildings.org) will be used for the refinement of 
the 100m model. It will be checked, whether the completeness and reliability of the OSM 
buildings (with heights) datasets is sufficient for the purpose of HR modelling. In case there 
will be some gaps or corrections needed (which is the experience from the demonstration 
pilot cities), these will be corrected by the service purveyor. Also, it will be explored whether 
any data on distribution of trees are available for the AOI defined by the user. If not, the 
purveyor will vectorise the trees based on VHR aerial/satellite data. As the AOI for this 
detailed HR modelling will be quite small, it does not take significant effort to 
adjust/vectorise the input data for the HR modelling. However, it is always preferred to 
exploit already existing datasets as the input for the modelling.  

https://osmbuildings.org/
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Figure 14: OSM 3D buildings map for the Dhaka city centre area  

The implementation of the replication Urban Planning service will require the following 
steps: 

- collection and adjustment of the source data (as described above) 
- adjustment of the nomenclatures (conversion between Dhaka LU/LC nomenclature 

and Copernicus Urban Atlas nomenclature) 
- integration of the land use data into the UrbClim model and  
- generation of the temperature maps for the city of Dhaka (in 100m resolution) 
- preparation of the neural network statistical model for the city of Dhaka (which 

enables the interactive scenario modelling) and resulting maps for two heat stress 
indicators (UHI, HWD) 

- integration of the neural network model for Dhaka into the interactive modelling tool 
- adjustment of the interactive modelling tool (new city integration, UX improvement, 

users accounts management) 
- release of the interactive modelling service for the city of Dhaka (in the online 

modelling tool) – provision of the access to the modelling and guideline materials to 
the user 

- refinement of the 100m model for a specific development area in the city (to be 
defined by the user) and preparation of the heat stress indicator (WBGT) map in 1m 
resolution 

- a few development scenarios (defined by the user) will be modelled in HR for this 
development area 
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Also, the co-design process between the climate data provider and the purveyor will be very 
similar to the demonstration phase. 

GISAT, as purveyor, will be responsible for the source data collection, adjustment and 
provision of the data to VITO (as climate data provider). VITO will integrate the data into 
the UrbClim model and will prepare the temperature and heat stress maps (in 100m and 1m 
resolution) and also will prepare the neural network statistical model for the city of Dhaka. 

This neural network model will be provided to GISAT and GISAT will be responsible for 
integration of this model for the city of Dhaka into the interactive modelling tool. 

 

6.4.1. 
 

The Urban Planning sectoral service as designed and implemented in the demonstration 
phase (WP2) is considerably strong with respect to replication potential. There are several 
reasons why the service can be easily replicated: 

- First, the UrbClim modelling method used for generating the urban climate data 
for the Urban Planning service (and also the neural network statistical model) is well 
established and verified, so it is robust and can be quite easily applied (with minor 
adjustments) on any city 

- Second, the character of the main input data – land use/land cover spatial 
database – is a quite usual form of documentation of the city structure. Basically, 
there are three options which can happen, considering this LU input data: 

o in case the service should be implemented for a city covered by the 
Copernicus Urban Atlas, the replication is very easy, because the service is 
optimized on Urban Atlas nomenclature 

o in case the service should be implemented for a city which is not covered by 
the Copernicus Urban Atlas, the city usually has its own urban planning 
materials in a form which is quite similar to the Urban Atlas so the service can 
still be implemented quite easily, with minor adjustment of the nomenclature 
(the land use classes are re-classified to be complementary with the Urban 
Atlas)  

o in case the city is neither covered by Urban Atlas nor has its own urban 
planning layers, it is comparably most complex to implement the service for 
the city; in such case, the layer representing the LU structure of the city has 
to be prepared first; this is usually the case for outside-European cities 

- The interactive scenario modelling tool has been fully developed and 
implemented in the frame of the demonstration phase (WP2), in a way which 
strongly took into consideration future replications. And once the tool is ready, it only 
takes to integrate the neural network model for the new city (prepared by climate 
data provider – VITO) into the tool and upload and link the appropriate associated 
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layers (input LU structure layer and output heat stress indicators (UHI, HWD)) 
representing default status (zero scenario) of the land use structure and climate 
conditions of the city to enable the scenario modelling for a new city. 

 

The potential for scalability is pretty strong in case of the Urban Planning sectoral service. 
The technology behind the interactive scenario modelling tool is quite robust; so many new 
cities can be easily (and quite quickly) added into the tool and the modelling can be made 
accessible online for many new users from different cities and institutions.  

The main limitation in sense of scalability is the fact that the neural network statistical 
model, which is the core of the interactive modelling, is city-specific. So the climate data and 
neural network model provider (VITO) has to make considerable effort in order to prepare 
the neural network model for each new city which should be added.  

Also, the limitation in scalability can potentially be the absence of the input land use layer 
for some cities. In such case, the land use structure layer has to be produced prior to the 
service implementation. This, however, could be improved in case the global urban masks 
(e.g. Global Urban Footprint and World Surface Footprint Evolution) would be exploited as 
the input data bringing the information about the land use structure for the modelling.   

 

GISAT as a provider of the Urban Planning sectoral service can see a huge potential for 
future replications of this service.  

First, any city which is covered by the Copernicus Urban Atlas Layer can be replicated very 
easily. From such cities, for example Bern or Katowice already expressed preliminary interest 
into this type of service and tool.  

As declared above, the replication potential could be strongly increased in case the 
modelling would be adjusted to work also with the global settlement masks (GUF, WSF) as 
input data, especially for the outside-European cities.  

Also, for the HR modelling of specific development sites of interest and scenario modelling 
at a very precise level (1m spatial resolution), the demand of the users is quite high. Here, it 
is crucial for the users the have a scientific justification of the modelling method and good 
verification results.  
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Replication cities: Bremen and Berlin 
     

Climate data provider: 

VITO, KU Leuven 

 Service provider 
(purveyor): 

JR 

 Service users: 

Bike Citizens, 
Bremeninvest 

 

Like in the demonstration case for Vienna, the purpose of the Active Mobility replication case 
is to offer support for climate-inclusive bicycle traffic planning in cities. Again, the service 
provides information on the sensitivity of a city’s bicycle traffic volume towards variations in 
meteorological conditions and on a city’s current and future climatic attractiveness towards 
cycling, including spatial and temporal variations. This information allows identifying regions 
or routes particularly exposed to meteorological conditions perceived as unattractive by the 
city’s cyclists. Moreover, replicating the service for two new cities – Bremen and Berlin – will 
add a new feature to the service: the comparison between cities. And last but not least, 
detailed insights on the actual replicability of the Active Mobility service will be gained. 

The start-up company Bike Citizens, who already has been user partner in the 
demonstration case, remains to be user partner in the replication case as well. Within the 
demonstration phase, Bike Citizens has integrated the Active Mobility service for the demo 
city Vienna into its tool Bike Citizens Analytics, which supports bicycle traffic planning in 
cities (see Climate-fit.city deliverables D2.2 and D2.4/D2.5). The same is planned to be done 
for the replication cities. Provided the new climatic features within Bike Citizens Analytics 
proof to be appreciated and demanded by the demonstration and replication cities, Bike 
Citizens considers implementing them for all their partner cities. That is, Bike Citizens may 
act as distributer of the Active Mobility service even after the project end of Climate-fit.city. 
The role of Bike Citizens in the replication phase is thus twofold. They remain to be users, 
but also become co-providers of the Active Mobility service. 

Apart from Bike Citizens, a new user will be involved in the replication of the Active Mobility 
service: Bremeninvest (Wirtschaftsförderung Bremen GmbH). Bremeninvest is a company 
owned by the Land Bremen, the City of Bremen and the City of Bremerhaven. It is 
responsible for the development, strengthening and marketing of Bremen as a location for 
business, exhibitions and events. On behalf of Bremen’s Senator for Economics, Labour and 
Ports, Bremeninvest is coordinating the project Bremen BIKE IT!, which promotes the 
bicycle culture in the state of Bremen. The goal of the project is to even more familiarize the 
people of Bremen and beyond with the pleasure and importance of cycling. Apart from local 
residents, also visitors form one of the project’s target groups. Bremen Bike IT! promotes 
the exploration of the city by bike and provides the required services and information, such 
as maps and flyers with bicycle routes. Moreover, it enables citizens and visitors free access 
to the route planner offered by Bike Citizens, which also includes all tourist attractions and 
cultural facilities.5 Bremen itself is a bicycle city: 25 % of all road users are cyclists. That 
means Bremen has the highest share of cycling among the cities with more than 300,000 

                                           

5 https://www.wfb-bremen.de/sixcms/media.php/49/2014-04-10-bremen-bremerhaven-bike-it.pdf 

https://www.wfb-bremen.de/sixcms/media.php/49/2014-04-10-bremen-bremerhaven-bike-it.pdf
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inhabitants in Germany. In European comparison, Bremen is in third place behind 
Amsterdam and Copenhagen.6 

 

With the familiar user partner – and now also co-provider – Bike Citizens, the already 
established co-design process has been and will be continued in the replication phase. This 
process includes regular physical meetings between service provider JR and user partner 
Bike Citizens, data transfers (in both directions) as well as feedback loops. 

The selection of the two replication cities has been jointly done by service provider JR and 
user/provider-partner Bike Citizens. It was decided beforehand to look for two cities which 
both qualify for the “full” Active Mobility service as developed in the demonstration phase. 
Two preconditions in terms of data availability need to be fulfilled by a city to qualify for the 
“full” service: (i) one or several permanent bicycle counting stations with data available on a 
daily resolution and for at least 2-3 years and (ii) a sufficient number of trips tracked by the 
Bike Citizens App for at least 1 year that allows for meaningful spatial analyses. Based on 
these preconditions, the German cities Bremen and Berlin have been selected as replication 
cities for the Active Mobility service.  

Regarding the co-design process with the new user Bremeninvest, basic information on the 
Active Mobility service and a rough overview on user needs have been exchanged so far via 
email and telephone. In addition, it is planned to have two half-day workshops in Bremen. 
The first workshop is planned to take place early in 2019. It will serve the purpose of 
presenting details of the Active Mobility service by means of the demo case Vienna and 
gaining further insights on specific needs of the new user. In the second workshop, which is 
planned for late spring or early summer 2019 in Bremen, the replicated Active Mobility 
service will be presented and feedback from the new user collected. 

 

Bremeninvest have expressed their interest in acting as a user and testing the Active 
Mobility service by a letter of interest (see Figure 24 in annex A.4). They agreed to 
exchange their needs and expectations and to provide relevant data so that the service can 
be tailored and shaped to their needs as far as possible. Furthermore, Bremeninvest will 
give feedback on the usefulness of the service. 

 

Table 6 only lists those user needs that go beyond the user needs already addressed by the 
demo version of the Active Mobility service. Note that the co-design process with the new 
user Bremeninvest is still ongoing and that an important part of this co-design process, i.e. 
the workshop at the beginning of 2019, is yet to come. Table 6 may thus be further 
extended in the course of this process. 

                                           

6 https://www.bremen.de/leben-in-bremen/bike-it/bike-it-das-projekt 

https://www.bremen.de/leben-in-bremen/bike-it/bike-it-das-projekt
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Table 6: Overview of the user needs addressed by the replicated active mobility service 

User needs identified Addressed by the new climate service 

Comparison of different cities [user: Bike Citizens] Yes 

Weather sensitivity of recreational cyclists [user: Bremeninvest] Yes, by additionally considering non-
workdays (compared to demo version) 

The city’s climate attractiveness as perceived by recreational 
cyclists [user: Bremeninvest] 

Yes, by additionally considering non-
workdays (compared to demo version) 

 

In general, the replication cases are planned to be very similar to the demonstration case. 
However, two extensions are required, based on the user needs listed in Table 6. First of all, 
applying the service to additional cities will allow for the integration of a new feature, in 
which user/co-provider Bike Citizens but also the stakeholders from the demonstration case 
are highly interested: the comparison between cities. Some precautions for eventual 
comparability between cities have already been taken within the demonstration case. This 
includes, for example, the provision of two different measures of climate attractiveness, i.e. 
objective and perceived climatic attractiveness (see Climate-fit.city deliverable D2.2). 
However, to allow for optimal comparisons between cities, the need for further adaptations 
or extensions of used indicators may evolve during actual replication. 

Second, in the case of Bremen the Active Mobility service might be extended to non-working 
days. The demo case was focused on commuter traffic and thus only considered working 
days. The target groups of Bremen BIKE IT!, however, also include visitors. Thus, 
Bremeninvest additionally shows interest in how recreational cyclists respond to variations in 
meteorological conditions and how they perceive the city’s climatic attractiveness.  

 

The stakeholders in the demonstration case showed a lot of interest in spatial data and 
results. This not only refers to urban climate data, but also to sector-specific analyses, such 
as the sensitivity of the bicycle traffic volume towards variations in meteorological conditions 
or the “perceived” climatic attractiveness of the city for cycling (see chapter 7.3.1). In the 
demo-version, the latter is for instance only provided as a city-wide average. As far as 
allowed by the amount of available data on tracked trips, we will thus try to further increase 
the share of analyses resulting in spatially broken-down outcomes within the replication 
phase. 

Furthermore, the feedback on the demo case showed some potential for improvements in 
the design of the new climatic features within Bike Citizens Analytics. That is, within the 
replication phase there will be an additional focus on optimal colour usage in the new 
feature of comparing tracks based on meteorological conditions. Moreover, the guidance 
material for users of the new climatic features in Bike Citizens Analytics will be further 
elaborated. 

For further details on user and stakeholders feedbacks see the Climate-fit.city deliverable 
D2.3 (“Demonstration of the services’ added value”). 
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As in the demonstration case, the replicated Active Mobility service is planned to be 
delivered in the form of (i) a detailed city-specific service report including maps, figures, 
tables and interpretation guidelines of the analysis results and (ii) the provision of city-
specific GeoTIFFs and CSV files on cycling-relevant climate indices. Both output formats will 
be integrated by user/co-provider Bike Citizens into its tool Bike Citizens Analytics, from 
where they will be accessible by the new user Bremeninvest in the form of a trial access. For 
illustrative purposes, Error! Reference source not found. in annex A.4 shows the table o
f contents of the Active Mobility service report for the demo case Vienna. An exemplarily 
illustration of the service’s integration into Bike Citizens Analytics can be found in the annex 
of the Climate.fit-city deliverable D2.4/D2.5. 

The service is planned to be delivered once, with the option for aperiodic updates whenever 
needed. Such aperiodic updates could, for example, serve the purpose of evaluating the 
effectiveness of adaptation measures. Response functions are used by the service to 
illustrate the sensitivity of a city’s bicycle traffic volume towards variations in meteorological 
conditions. Updating these response functions a few years after the implementation of a 
particular adaptation measure allows assessing the effect of the respective measure on the 
meteorological sensitivity of the city’s bicycle traffic volume. 

 

The replication of the Active Mobility service will cover the cities Bremen and Berlin. 
Features and characteristics will be very similar to the demonstration case, apart from the 
enhancements listed in chapter 7.2.3. As mentioned above, the replication of the Active 
Mobility service will again be delivered in the form of a detailed report, together with data in 
GeoTIFF and CSV format. Both output formats will be integrated by user partner Bike 
Citizens into their interactive tool Bike Citizens Analytics. For the new user Bremeninvest, the 
service will thus also include a trial access to the new climatic features of Bike Citizens 
Analytics.  

The following outputs and analysis options are planned to be provided by the service report 
and the climatic features of Bike Citizens Analytics: 

Service Report 

• The sensitivity of the city’s daily total bicycle traffic volume towards variations in 
meteorological conditions (met-bulb globe temperature, wind speed, precipitation, 
and snow). This sensitivity is illustrated by means of response functions. Spatial 
resolution: city-wide average. 

• The sensitivity of average trip distance and average cycling speed towards variations 
in meteorological conditions. This sensitivity is illustrated by means of response 
functions (see Figure 15). Spatial resolution: city-wide average. 

• Spatial differences in the sensitivity of the city’s daily bicycle traffic volume towards 
variations in meteorological conditions (see Figure 16). Spatial resolution: depending 
on the amount of tracked trips available (2 × 2 km in the demo case). 

• The city’s “objective” climatic attractiveness for cycling under current and future 
climatic conditions. This includes various evaluations of cycling-relevant 
meteorological indicators under current and future climatic conditions, e.g. average 
daily number of hours with precipitation, average annual number of days with snow 
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cover, spatial distribution of the wet-bulb globe temperature (WBGT) on hot days 
(see Figure 17), and spatial distribution of wind speeds on stormy days. Spatial 
resolution: 100 × 100 m or city-wide average. Future time horizon: 2036-2065 

(RCP4.5, RCP8.5). 
• The city’s “subjective” or “perceived” climatic attractiveness for cycling under current 

and future climatic conditions. It represents the assessment of the city’s current and 
future climatic conditions for cycling, based on how sensitively the city’s cyclists 
respond to variations in meteorological conditions nowadays. Spatial resolution: city-
wide average (additional investigation of spatial differences, if the available data 
allows for robust analyses). Future time horizon: 2036-2065 (RCP4.5, RCP8.5). 

• Frequency of meteorological conditions that cause the city’s daily total bicycle traffic 
volume to drop by more than 50 %, 60 %, 70 %, 80 % and 90 %, compared to 
optimal meteorological conditions. 

Bike Citizens Analytics 

• Interactive comparison of tracked trips for different meteorological conditions (e.g. 
days with no precipitation vs. days with 10 hours of precipitation; days with no snow 
vs. days with more than 1 cm snow on the ground; cold days vs. hot days, etc.). See 
Figure 18 for an exemplarily illustration. 

• Interactive layers showing mean WBGT during daytime (06:00-20:00) on a 100 m 
resolution under current and future conditions. Future time horizon: 2036-2065 
(RCP4.5, RCP8.5). 

a) Effect of variations in WBGT on trip distance 

 

b) Effect of variations in precipitation on trip distance 

 

Figure 15: Example from the demo city Vienna: effect of variations in meteorological 
indicators on average trip distance and average cycling speed of tracked trips. 
Plots refer to workdays only. Period of model calibration: 2016. Plot design based 
on Marí Dell’Olmo et al. (2018). 
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a) Average daily tracked trips (“visits” per cell) 

 

b) Sensitivity towards meteorological conditions per cell 

 

Figure 16: Example from the demo city Vienna: average daily tracked trips per cell (a) and 
sensitivity of tracked trips towards variations in meteorological conditions on 
workdays (b). The sensitivity per cell is measured relative to the city-wide 
sensitivity. Only those cells are considered that show at least 10 tracks going 
through them on summer days without rain. 

 

 

Figure 17: Example from the demo city Vienna: typical heat stress on hot days under 
current climatic conditions (in °C); i.e. WBGTmean averaged over days with biker-
weighted city-wide WBGTmean ≥ 30 °C (corresponds to the 99th percentile). 
Resolution: 100 m. Zoom into the city’s centre. Black lines indicate roads open to 
bikers. Data sources: WBGT data from UrbClim, roads from gip.gv.at (version 
2017-08), administrative borders from Statistics Austria. 

 

http://www.gip.gv.at/
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Figure 18: Example from the demo city Vienna: comparing the cycling intensity on average 
workday with the intensity on a warm workday (i.e. biker-weighted city-wide 
WBGTmean ≥ 25 °C) within Bike Citizens Analytics. 

 

As in the demo case, the replicated Active Mobility service will combine two different kinds 
of data: climate data and non-climate data, where the latter mainly refers to data on 
cyclists. 

Climate input data 

The Active Mobility service mainly uses four different meteorological variables, i.e. wet-bulb 
globe temperature (WBGT) as a measure of thermal comfort, wind speed, precipitation, and 
snow depth. Meteorological variables related to thermal comfort, i.e. WBGT and wind speed, 
will be simulated by the urban boundary layer climate model UrbClim (hourly values, 100 m 
spatial resolution). UrbClim will be driven by ERA5, the latest global reanalysis dataset 
produced by ECMWF. Meteorological variables related to precipitation and snow depth will, 
by contrast, either be taken directly from ERA5 or from local measurement stations.  

Future projections on the considered meteorological parameters will be 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. 

Non-climate input data 

Besides climate data, two different kinds of bicycle traffic data are used as an input for the 
Active Mobility service (if available): (i) data from permanent bicycle traffic monitoring 
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stations and (ii) data on trips tracked by the Bike Citizens App. In Bremen there are 12 
permanent bicycle traffic monitoring stations, recording passing cyclists since 20117. Berlin 
currently has 17 permanent bicycle traffic monitoring stations installed. The first one was 
taken into operation in 2012, whereas the others followed in 2015 and 2016. The total time 
series of hourly recorded cyclists is available online8. 

Further non-climate input data taken into account when analysing the sensitivity of a city’s 
bicycle traffic towards variations in meteorological conditions include calendric information 
(weekday, public holidays, school holidays, etc.), the evolution in the number of inhabitants, 
and information on the bicycle infrastructure. 

Methods 

The processing steps needed and the methods applied to translate the input data into the 
service output are consistent with the demo case. The main processing steps include (i) the 
preparation of data (processing of climate and non-climate input data), (ii) the calculation of 
response functions which show how sensitively the city’s bicycle traffic responds to 
variations in meteorological conditions, and (iii) the assessment of the city’s climatic 
attractiveness for cycling by applying the calculated response functions to current and future 
climatic conditions. For further details see Climate-fit.city deliverable D2.2. 

 

As far as publicly available or provided by the users, city-specific land cover descriptions 
(e.g. digital surface model, 3D city model, etc.) and local precipitation data will be collected 
by service provider JR and transmitted to the climate data providers VITO and KU Leuven 
together with the climate data needs for the replication cities. VITO will, in turn, provide all 
meteorological variables for the historical period (UrbClim output based on ERA5 or pure 
ERA5 data) as well as future projections of those meteorological parameters related to 
thermal comfort. Rainfall projections are planned to be downscaled separately to local 
measurement stations by KU Leuven. 

 

 

When designing and implementing the Active Mobility demonstration case, particular 
attention has already been paid to replicability. In order to ensure applicability to a wide 
range of cities, a quite general specification of the statistical model that is used to assess 
the sensitivity of a city’s bicycle traffic volume to variations in meteorological conditions has 
been chosen. Furthermore, processing steps and output generation have been automatized 
wherever possible. Thus, replicating the Active Mobility in exactly the same way as designed 
in WP2 should be rather straightforward, provided the required data is available. 

                                           

7 https://vmz.bremen.de/radzaehlstationen/ 
8 https://www.berlin.de/senuvk/verkehr/lenkung/vlb/de/radzaehlungen.shtml 

https://vmz.bremen.de/radzaehlstationen/
https://www.berlin.de/senuvk/verkehr/lenkung/vlb/de/radzaehlungen.shtml
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One weakness of the Active Mobility service with respect to replication (and upscaling in 
general) is the required non-climatic input data. For a full application of the service, as 
designed in the demonstration phase, two preconditions in terms of data availability need to 
be fulfilled: (i) one or several permanent bicycle counting stations with data available on a 
daily resolution and for at least 2-3 years and (ii) a sufficient number of trips tracked by the 
Bike Citizens App for at least 1 year that allows for meaningful spatial analyses. However, 
for the two replication cities, these preconditions are fulfilled. 

 

In principle, the Active Mobility service has a large potential for upscaling. The Bike Citizens 
App is currently available in more than 450 cities, including cities in Europe (e.g. Paris, 
London, Munich, etc.), Australia and the USA. However, there is one weakness or limiting 
factor of the Active Mobility service in terms of replication and upscaling. As mentioned 
above, data on the city’s bicycle traffic is needed for the full application of the service. In 
the best case both, data from automatic bicycle counting stations and a sufficient amount of 
tracked trips for spatial in-depth analyses are available. At the moment, approximately a 
handful of cities are qualifying for the “full” service. Bike Citizens is, however, very active in 
finding strategies to increase the rate of tracked trips. Hence, more and more cities can be 
expected to fulfil the requirement of a sufficient amount of tracked trips in the near future, 
which will qualify them for almost the “full” Active Mobility service. 

Moreover, a trimmed version of the service might be implemented for those cities with 
insufficient bicycle traffic data for “full” analyses. No data on the city’s bicycle traffic is, for 
instance, required for assessing the city’s “objective” climatic attractiveness for cycling under 
current and future climatic conditions. That is, evaluations of cycling-relevant climatic 
indicators and their integration into Bike Citizens Analytics are independent of the availability 
of bicycle traffic data. Such a trimmed version of the Active Mobility service only depends on 
(urban) climate data and therefore can be implemented rather easily for plenty of cities as 
long as the required urban climate data is available. 

 

Further cities that may qualify for a “full” application of the Active Mobility service in the 
foreseeable future include, amongst others, Graz (Austria), Hamburg (Germany) and 
Brussels (Belgium). Bike Citizens is very active in increasing the rate of tracked trips and all 
mentioned cities have one or more permanent bicycle counting stations in operation. 
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Replication city: Antwerp 
     

Climate data provider: 

VITO 

 Service provider (purveyor): 

VITO 

 Service user: 

ANTWERP ZOO 

 

The replication case for the Cultural Heritage service will involve a new and different type of 
end-user, the Zoo of Antwerp and Planckendael. The service will focus on Zoo management 
and will differ in a number of ways from the cultural heritage management platform that 
was developed for Rome in the demonstration case. With this new direction, we want to 
demonstrate the flexibility of our urban climate services to other fields of application and the 
thematic upscaling potential, while still tapping from the same primary urban climate data. 

The user of this Cultural Heritage replication service is the Royal Zoological Society of 
Antwerp, who are managing the Zoo of Antwerp (in the city center) and the Zoo of 
Planckendael (in the rural neighbourhood of Mechelen). The goal of the service is to develop 
an online web tool to help them manage their animal collections, energy and water 
consumption and visitor marketing, taking detailed and state-of-the-art climate data into 
account. 

 

Researchers of the Royal Zoological Society of Antwerp have expressed their interest in 
working with VITO on climate change related issues in the past, being familiar with the 
climate-related research projects VITO has performed for the city of Antwerp. A meeting 
was arranged in the summer of 2018, during which VITO presented the Climate-fit.city 
project and the Zoo expressed its formal interest to be an end-user in this project. In a 
follow-up meeting between the researchers of both institutes, we discussed the service and 
input data needs in more detail. In the months that followed, there was an exchange of data 
and ideas via email to finetune the service. 

 

The Royal Zoological Society of Antwerp has expressed their interest in acting as a user and 
testing the Cultural Heritage service by a letter of interest (see Figure 25 in annex A.4). 
They agreed to exchange their needs and expectations and to provide relevant data so that 
the service can be tailored and shaped to their needs as far as possible. Furthermore, they 
will give feedback on the usefulness of the service. 
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Table 7: Overview of the user & stakeholder needs addressed by the service 

User & stakeholder needs identified Addressed by the new climate service 

Detailed historical and future (up to 2050) monthly 
climate statistics (temperature, rainfall, humidity, …) 

Yes  

For the animals in the collection, expected ‘visible’ 
hours based on provided climate thresholds 

Yes 

Impact of climate change on the reproduction of the 
animals 

No, this is very specific for every animal; statistical 
analysis is difficult because of the low amount of 
observations; there are no clear thresholds defined for 
most animals; and climate is only one of several 
variables that affect reproduction 

Estimates of future energy and water use based on 
historical data 

Yes 

Estimates of future visitor numbers based on historical 
data 

Yes, if detailed historical data can be provided 

High-resolution heat stress analysis to be used for 
communication towards visitors 

Yes 

Online web tool for both locations Yes 

 

As this is a new end user in a different thematic area, this requires a substantial different 
approach than for the Demonstration case in Rome. A major adaptation from the previous 
case is that the online platform needs to be developed by the service purveyor (VITO) and 
not by the end user. So this requires a substantial extra amount of IT efforts by VITO. The 
advantage of this approach is that the final service will be much easier to replicate for new 
end users, which was a major drawback from the demonstration case (see further). 

For this case, we will rely only on our own generated urban climate data, and not on third-
party provided measurement and forecast data, which makes things much easier and more 
in line with the overall scope of the project. The urban climate of two cities (Antwerp and 
Mechelen) needs to be modelled instead of one, but the number of sites (2) is very limited 
compared to the demo case. 

As was the case for the forecast system in Rome, this replication case also needs a lot of 
statistical analysis on historical climate data, although the purpose is very different. This 
time we will have to look and maybe construct new climate indicators to be used for energy 
and (maybe) visitor statistics modelling with time horizons of decades, instead of a forecast 
for the next days. 

 

The stakeholders in the demonstration case (mainly operators of cultural heritage sites) 
showed a lot of interest in such a web-based management platform and saw a lot of added 
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value. Most remarks were made about the layout of the platform and ways to improve the 
user experience. For this replication case, VITO has an in-house graphical designer who will 
work on this case and will help to design and style the web platform in the best possible 
way for the end user, by means of a co-design process. 

Furthermore, the feedback on the demo case showed that such a management platform 
should contain as much relevant information as possible if you want it to be used by all type 
of people working for a site. Therefore, we decided to cover all the topics for which the 
necessary input data could be provided (animal exposure, energy and water consumption, 
heat stress analysis, visitor statistics) to make the tool useful for a large amount of people in 
the organisation of the Zoo, instead of focussing and working in more detail on one specific 
topic. 

For further details on user and stakeholders feedbacks see the Climate-fit.city deliverable 
D2.3 (“Demonstration of the services’ added value”). 

 

The online web platform that will be developed for this replication case will be used as a 
stand-alone tool by the service user. Since the focus here is on climate time horizons (10-50 
years), the service will be delivered once, and doesn’t need frequent updates. It can be 
updated when new climate information because available, or when the user wants to add 
something to the platform (e.g. effect of climate change on reproduction). The information 
provided by the service will be used by the user for the long-term planning of the animal 
stock, building and energy management and targeted advertisements to attract extra 
visitors. 

 

Similar as for the demonstration case in Rome, this replication service will deliver an online 
web platform, co-designed by the purveyor and the user. Information will be shown for the 
two locations that are operated by the Royal Zoological Society of Antwerp: the Zoo in 
Antwerp and in Planckendael (close to Mechelen). From the discussions with the end user 
followed some main topics that should be covered in the platform: 

• Show current and future (up to 2050) monthly climate statistics of temperatures (mean, 
min, max), rainfall, humidity and wind speeds for both locations. 

• Show current high-resolution heat stress maps to demonstrate cool island opportunity in 
city on hot days. 

• Ability to select animal from menu, showing temperature thresholds and amount of time 
(per month) the animal has to be kept inside/open cage/outside during visitor hours for 
current and future climate. 

• Show impact of climate change on monthly consumption of natural gas, electricity and 
water use (assuming no changes in management). Numbers will be made relative to 
current-day numbers so the actual data are not visible. 

• Show impact of climate change on visitor numbers (if these data can be provided by the 
end user) 

 
Figure 19 and Figure 20 show some first ideas of how this web platform would look like.  
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Figure 19: Demo of the climate statistics part of the web platform. 

 

 

Figure 20: Demo of the animal climate sensitivity part of the web platform. 
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As input for this replication service, the Royal Zoological Society of Antwerp has provided 
the following input data: 

• Table with temperature thresholds to keep animals indoors/outdoors 
• Table with monthly data on natural gas consumption (Antwerp: 2003-2017, 

Planckendael: 2000-2013) 
• Table with monthly data on electricity consumption (Antwerp: 2013-2018, Plackendael: 

2000-2013) 
• Table with monthly data on water use (Antwerp: 2003-2016, Planckendael: 2003-2013) 
• Under investigation: more detailed data for separate buildings, statistics on daily visitor 

numbers 

 

VITO will simulate the local climate conditions for both locations with its UrbClim model, 
spanning the period for which input data is available (2000-2017). As a basis, the ECMWF 
ERA5 reanalysis data will be used. From the main output variables of the UrbClim model 
(temperature, humidity, wind speed,…), relevant indicators will be derived (e.g. heating and 
cooling degree days, thermal comfort (WBGT),…). These indicators will be used in a 
statistical analysis to find historical trends for the relation between the climate data and the 
different user needs. 

 

Afterwards, future climate conditions (for 2020, 2030, 2040 and 2050) will be simulated, 
based on climate statistics that will be provided by the KU Leuven (partner in this project). 
The historical trends will be used to estimate the impact of climate change on the different 
topics that are covered by the service. The results will be shown on the web platform, in the 
most user-friendly way for the end-user, who will be involved in the design and layout of the 
platform. 

 

Since VITO is both the climate data provider and service purveyor for this Sectoral case, we 
do not foresee any problems here. 

 

 

The Demonstration service that was developed for the cultural heritage organisation in 
Rome has proven to be difficult to replicate. This is due to a number of reasons: 

• The final product of the service (web platform) was developed by the end-user on its 
own IT infrastructure. This is good in the sense that the user was very involved in the 
process and will make use of the service, also after the project finishes. But for a new 
end user, the process begins from scratch and the investment cost is large. Also not all 
organisations have the in-house IT know-how to set up such a tool. 
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• For the Rome case, use has been made of measurements and forecast data of a third 
party (ARPA Lazio), who are the official local provider of this type of data. In other 
cities, this type of data might not be available, or very difficult/expensive to get access 
to, which complicates the process. The service could be replicated with freely available 
global data, but it will be much more difficult to convince end users of the quality of the 
service, and they might get criticism from local data providers. 

• The Rome case was very specific because the end user operated over 40 sites covering 
a large area, which forms a perfect base for such a decision support tool and detailed 
forecast system. There are not many organisations like that in Europe, and for smaller 
organisations the investment costs might be too large or the added value too low. 

For this replication case, we have chosen an end user and approach that omit all above-
stated limitations, so the service should be much easier to replicate. 

 

The limitations of the scalability potential of the demonstration service are discussed above. 
The replication service will be easier to replicate because the whole service will be 
developed by VITO. It relies mainly on urban climate data and statistical analysis, which are 
relatively cheap to replicate, if the web platform can be copied without too many changes. 
The topics that are covered (e.g. energy and water use, visitor numbers) are relevant to all 
different kind of organisations, not only to zoos. Some efforts will have to be made to 
demonstrate the quality of the service (validation) and the added value (costs avoided, extra 
visitors,…). 

 

As stated above, this service could be useful to many organisations that deal with visitors, 
large energy costs, etc. To limit the investment costs, it could be a good idea to target 
network organisations that could offer the service to a large amount of sites at once. We 
have concrete ideas to contact the European Association of Zoos and Aquaria 
(https://www.eaza.net/conservation/programmes), once the service for the Zoo is up and 
running. 

 

 

  

https://www.eaza.net/conservation/programmes
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This report describes the new market replications services, as they were specified and are 
planned to be implemented in the frame of the Climate-fit.city project. By M19 of the project 
duration, the new “replication” users have been successfully identified for all six sectoral 
services.  

Through this selection of new market replication services, we aim to accomplish the 
following main achievements: 

• With the ‘Climate and Health’ and the ‘Active Mobility’ service, the same service as 
implemented in the demonstration phase (WP2) is replicated in additional 
European cities (resp. London and Bremen); and neither the city, nor the 
country (resp. UK and Germany) has been involved in the project during the first 
phase.  

• With the ‘Building Energy’ case, the upscaling potential will be shown 
effectively, by applying the service to as many users as possible. As to meet 
the data availability criterion, it was decided to involve all the cities that were 
involved in the project during the first phase, as to guarantee that urban climate 
data provision by VITO is feasible; 

• For the ‘Urban Planning’ case, the World Bank confirmed that they are interested into 
the urban climate services. Via the Urban Planning service, we aim to create 
business potential outside Europe;   

• For the ‘Cultural Heritage’ service, VITO will develop a service addressing a new 
topic. Concrete, a service for a new user, the Royal Zoological Society of Antwerp, is 
being co-designed at this stage. With this service, we hope to demonstrate the 
Climate-fit.city’s thematic upscaling potential;  

• For the ‘Emergency Planning’ service, it was decided to collaborate with the city of 
Prague and implement the similar service as for the Antwerp case also for Prague. 
Through this, the cross-cutting potential of the Climate-fit.city sectoral 
cases has been proved – the cites which are interested (and involved) in one of 
the six services in the project portfolio will probably be interested also in other 
sectoral services. 

 

The implementation of all these replication services will proceed during the next months in 
close cooperation with the new service users. The results of the services’ implementation 
will be described in D4.2 Service demonstration report (M24). 
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Figure 21: Expression of Interest of London School of Hygiene and Tropical Medicine 
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Figure 22: Expression of Interest of the city Council of the city of Prague 
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Figure 23: Expression of Interest of the World Bank (Urbanscapes team)  



 

 
 
 
 

68 

 

 

Figure 24: Expression of Interest of Bremeninvest [Wirtschaftsförderung Bremen GmbH] 
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Figure 25: Expression of Interest of the Royal Zoological Society of Antwerp. 
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