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Abstract. The CLARITY project (www.clarity-h2020.eu) aims to implement a
new generation of climate services that allow the service users to perform an in-
itial assessment of the expected climate change effects in the project area, as well
as an initial assessment of the need for and of the usability of the adaptation op-
tions in the early project planning phase. The target users of this service are the
consultants and urban planning experts that aren’t climate change experts but
need to produce standardized reports indicating the climate hazard, exposure and
impact data, as well as the expected impact of the adaptation options in the project
area, as a part of the project planning. The initial implementation of this service
uses the available open data to calculate the local heat hazard, population expo-
sure and related impact indicators at the project location on the fly. In the initial
implementation, the heat related can be automatically calculated for more than
400 European cities, with a spatial resolution of 500x500m?. Extension to the
flooding hazards and related impacts is in implementation. This article will de-
scribe in more detail the workflow and the technical implementation of the
CLARITY screening service and discuss the value, potential and the limitations
of the current service implementation.

Keywords: First Keyword, Second Keyword, Third Keyword.

1 Introduction/Methodology

1.1 Introduction

In recent years, the representation of climate information in a way to support decision
making has been gaining momentum. Worldwide, these climate services are emerging
as an essential tool to connect the advances in climate science with the domains of
climate change adaptation.

The EU promotes climate resilience in different ways, e.g. by encouraging its mem-
ber states to develop their own comprehensive climate adaptation plans [1], but also by
providing support to individual projects by helping infrastructure developers in the
identification of steps they can take to make investment projects climate resilient [2].



To provide customized support for urban and infrastructure planners, the CLARITY
(Integrated Climate Adaptation Service Tools for Improving Resilience Measure Effi-
ciency) project, funded through the European Union (EU) funding framework Horizon-
2020, aims at providing an integrated Climate Services Information System (CSIS) to
ease climate-proof urban infrastructure planning. CSIS guides users through several
steps to obtain a project and location-specific assessment of climate change risks, as
well as an evaluation of possible adaptation options.

In this paper, we shall explain the underlying CLARITY CSIS methodology, present
the currently implemented CSIS application workflow and user interfaces and discuss
the advantages, shortcomings and further development of the service.

1.2 CLARITY and the EU-GL methodology

The CLARITY CSIS methodology is based on the “Non-paper Guidelines for Project
Managers: Making vulnerable investments climate resilient” [3] and has been updated
to comply with the IPCC-AR5 approach [4] by the CLARITY consortium [5]. The
following Table 1 gives a summary of the changes, as compared to the workflow pro-
posed in the original EU-GL document:

Table 1. Comparison of the 7 modules from the Climate Resilience Toolkit as presented in the
EU-GL non-paper guidelines for project managers [3] and the 7 modules adapted for the
CLARITY project.

EU-GL CLARITY
1. Identify Climate Sensitivity 1. Characterize Hazard (HC)
2. Evaluate Exposure 2. Evaluate Exposure (EE)
3. Assess Vulnerability 3. Vulnerability analysis (VA)
4. Assess Risks 4. Assess Risks and Impact (RA & 1A)
5. ldentify adaptation options 5. Identify adaptation options (1AQ)
6. Appraise options 6. Appraise adaptation options (AAO)
7. Implement 7. Implement/Integrate Adaptation Action Plans
(IAAP)

In line with the updated approach as outlined in the IPCC-ARS5, the Hazard and expo-
sure are independent variables of time and space, vulnerability is largely independent
of time and space and the risk and impact evaluation are derived by the general relation:

R(rl)=HxExV.
Main difference between the risk and impact calculation is in the meaning of the

“hazard” variable (H). In simple terms, the impact is a real or estimated damage result-
ing from a specific hazard event, whereas the risk is a probabilistic quantity that sums



up all the possible damage for all the possible events in a certain period, weighted by
the relative probability of the event.

For a concrete example of heat mortality (Fig. 1), this formula translates to “heat
mortality (impact) is a function of the heat hazard intensity (e.g. duration of the heat
episode) and the number of people in the area, as well as on their vulnerability to the
heat hazard”.
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Fig. 1. Impact (damage) calculation example: impact of heat wave on human health.

Depending on the study scope, the elements at risk (population in Fig. 1) can be dis-
aggregated in various vulnerability classes, e.g. by age (old people are more vulnerable
than young ones) or by the socioeconomic status (poor people are more vulnerable than
rich ones). Moreover, the vulnerability is almost location-independent. That is, the heat
vulnerability of the population can be considered virtually the same in all of the south-
ern Europe, but a different vulnerability curve must be used in the colder regions.

1.3 Screening methodology: simplifications and the data preparation

CLARITY methodology is applicable to studies with different complexity levels. In
“expert” studies, the methodology is followed by the experts and merely the results of



the work are presented using the CLARITY CSIS tool, whereas the “screening” calcu-
lations are performed automatically and nearly in the real-time. To achieve this, several
simplifications need to be implemented.

For the start, the screening requires a pre-computed “screening data package” that
contains a accurate but spatially relatively coarse hazard indicators, exposure and vul-
nerability data, as well as the high-resolution land cover data. Within the data package,
the abstract notion of a “hazard” must be replaced by a concrete hazard indicator, e.g.
a “heat hazard” by a “number of consecutive tropical nights” or a by another concrete
indicator and a vulnerability function must be adjusted to the concrete hazard indicators
used. Hazard input layers must be pre-calculated for a set of representative past and
future climate scenarios. In practical terms, the CLARITY screening data package con-
tains hazard layers for the following combination of parameters:

e Three Representative Concentration Pathways: rcp2.6 (“early response”), rcp4.5
(“effective measures™) and rcp8.5 (“business as usual™)

e Three event frequencies: “yearly”, “occasional” (every 5 years) and “rare” (every
20 years)

e Four periods: historical, 2011-2040, 2041-2070 and 2071-2011

That is a total of ten datasets for each hazard indicator — nine for the future climate and
the last on for the historical climate®. Such indicators can be calculated from euro-
CORDEX data at the resolution regional level (typically 10x10 km2) but preparing all
the necessary indices for whole of the Europe, as we did in the project, is nevertheless
a nontrivial task. As illustrated in Fig. 2, the resolution of this input data is far too low
to be used in the urban screening context.

Fig. 2. Number of “hot days” in the wider Vienna region, resolution 10x10 km?, historical data.

To account for the “urban heat islands” and similar urban microclimate effects, all the
indicators must be available at a 500x500 m2 grid resolution or higher (e.g. 250m or

L Actually 20, since a standard deviation layer is provided for each data layer, representing the
variation between predictions by different climate models.



100m resolution would be even better). This type of downscaling can be performed as
a part of an “expert study” for a smaller region, but a calculation for the whole Europe
is not practical. Moreover, the expert studies tend to be rather expensive and preparing
them can take weeks or even months.

To overcome this issue, CLARTIY consortium has developed a simplified
downscaling models for each of the indicators that calculates the “local effects” (urban-
scale variations) by superposing the high-resolution land cover data on e.g. terrain,
building fabric, paving materials, green fraction, albedo, emissivity, shading condi-
tions, and run-off coefficient on the lower resolution input data. The necessary high-
resolution data has been extracted from (mainly) Copernicus datasets, as illustrated in
the Fig. 3.

EUROPEAN SETTLEMENT MAP URBAN ATLAS & LITERATURE

building / open spaces / vegetation geometry land use classification = aibedo classification by land use

% CLARITY ALBEDO DATASET

* Leone. A, (2011), Ambiente ¢ pianificatione
Analisi  processi,Franc Argel.

Fig. 3. Example of information extraction from Copernicus datasets to derive the “albedo” da-
taset used in the CLARITY Urban Microclimate simplified model

The resulting urban-scale data is not as accurate as the results of a fully-fledged and
validated expert study. However, the advantage is that the results can be calculated very
quickly and cost efficiently. In our service prototype, the calculation typically takes 15-
20 minutes on a simple server (no supercomputing facility necessary), even for rela-
tively large areas?.

A second advantage of this approach is that the effect of (some) adaptation options
can be calculated by changing the characteristics of the land cover and re-calculating
the local effects. E.g., the “cool paving” adaptation option changes the albedo and emis-
sivity of the roads and build up open spaces, whereas the “green roofs” change the
albedo, emissivity and the runoff coefficient, and introduce additional cooling through
evapotranspiration.

Within the project, the simple downscaling models were developed: one for the heat
hazard and one for the flooding hazard. At a time of writing this article, only the heat
hazard model has been fully implemented in the CLARITY CSIS and the validation is
under way. Full report on these models, and on the validation results, will be provided
in a separate publication.

2 In our service prototype, an “urban heat” screening calculation for an area of up to 500km? is
finished in 15-20 minutes.



2 CSIS screening workflow implementation

2.1 CSIS overview
The CLARITY CSIS is composed of four main components:

1. The web integration platform providing such functions as the user management,
workflow management and data package management. This web platform is based
on the Drupal 8 web application framework [6].

2. WMS/WEFS servers hosting the static (input) geospatial data that is necessary for
the functioning of the service.

3. Screening service based on the AIT EMIKAT platform [7] that implements the sim-
ple downscaling model, keeps track of all the project specific data and performs all
the necessary calculations on demand. This service makes the calculation results
available through standard WMS and WFS service as well as through an application
specific read/write REST interface that can provide the data as e.g. GeoJSON or
simple CSV tables.

4. A set of the HTML5 GUI applications that can be easily embedded in the web
integration platform and allow users to interact with the data from the backend ser-
vices.

From the end-user, point of view, the GUI is the application. Therefore, this paper
mainly concentrates on the implementation of the screening study workflow. More in-
formation on the technical details of the implementation is available in [8].

2.2 Prior to a study: system configuration and data management

Hidden from the end-users, the CSIS web integration platform allows the users with
higher privilege level to define different types of the studies and the data packages that
can be used with these study types. CLARITY data package is modelled similarly to a
frictionless data package [9], and consists of:

o Metadata that describes the structure and contents of the package (“descriptor’)
e A setof “resources” such as data files that form the contents of the package

Moreover, each “resource” is a self-describing rich data set containing not only the
links to the local data file(s) and/or service(s) providing the resource data on demand,
but also the information about the data provenance, authors, licenses, and on the type
of the data provided by this resource.

In contrast to the generic frictionless data package, the CLARITY data package spec-
ification imposes some constraints on the data and extends the descriptor with addi-
tional properties which ensure that data contained in a CLARITY data package is valid
and suitable for being ingested and processed by CLARITY Services. On a technical
level, a CLARITY data package is implemented as a set of related Drupal 8 “node” and
“taxonomy” data types.



Data packages can be either imported in the CSIS from a JSON representation
thereof or edited online using a relatively comfortable GUI interface. Once it is incor-
porated into the system, this data can be used both within the CSIS web integration
platform and accessed by external services, either through a default JSON:API [10] or
through a custom REST GET interface that outputs the complete data package at once
and in a form that is (mostly) compatible with the frictionless data package JSON
schema. Full CLARITY data package specification can be found at [11].

Second important configurable element of the CSIS integration platform is the
“study template”. Study template consists of a set of the study-step templates corre-
sponding to the steps in the CLARITY CSIS methodology. The integration platform
provides an easy to use GUI for study template configuration that allows the system
administrator to determine which of the methodology steps shall be covered by the spe-
cific study type and how each of the study step will look like.

As already mentioned, the way how the data is presented in a study is largely deter-
mined by the HTML5/JavaScript embedded applications and not by the integration
platform itself. These applications are almost completely independent from the under-
lying integration platform and merely inherit some input parameters from it. Study tem-
plates provide placeholders where either such HTMLS5 applications or the Drupal views
can be easily embedded. Finally, the study template also determines if some external
data models need to be triggered by the study or not and how to do so. At a time of
writing this article, only the “Urban infrastructure” screening model has been imple-
mented, but we are also working on a “transport infrastructure screening”.

2.3  Starting a new study

CLARITY CSIS studies are implemented as Drupal 8 groups, with the group itself con-
taining the study context data and the actual study data modelled as group nodes. From
the user perspective, starting a new screening study is as simple as clicking on the “Cre-
ate a new study” button and filling in the initial context data (Fig. 4).

Add Study

Title * Screening study “Praterstern”

Short name ‘
The following is an overview of a tof the study; Clone the study
A B Praterstern
and adjust to the user's needs al
ACRONYM TITLE INTRY | LAST EDITED
AgiosDimitrios | Advanced Scre Shidy goal = = — e 29/10/2019
Assess the future heat hazard and its impact at the location of Praterstern in Vienna,
Alba lulia Advanced Scre  aystria. ania | 04/10/2019
[oleg] Adaptation Sce 01/10/2019
| Create a new study ‘

Study type * Advanced Screening: Urban Infrastructure ~

- Select the type of the study

Create Study and become a member

Switch user



Fig. 4. Adding a new study

Once this is done, the user is redirected to a study workspace, and provided with an
introduction to CSIS methodology. The study workspace is illustrated in Fig. 5.

HALMED FAZAFD) CHARACTERILATION - LOCAL
TioH ERFECTS

Description

The EU-GL methodology
ek : ;‘ .

adkapted wehin CLARTY, icorsying the hakgrond s-ienesh appeeach i the et of chmarm and sk seiances 71 the e of e €55 koghc and By

Fig. 5. Study workplace

2.4 Study workspace

Study workspace is a separate area on the CSIS that is dedicated to a specific study. It
is implemented as a Drupal group and structured in the study steps (first row in in Fig.
5), with each step featuring several sub-steps (second row in in Fig. 5). Both the steps
and the sub-steps are configurable through study-type templates, but each study step
starts with the introduction and ends with a summary. While the introduction merely
provides the contextual help, the summary sub-step provides a preview of the study
report section corresponding to the current study step. Complete report can be accessed
and printed or saved as PDF by clicking on the printer icon (right-top corner in Fig. 5).

The remaining sub-steps in the initial “Study” step are: “team”, “context”, “area”,
and “data”. The functions related to these steps are:

e Team: allows the study owner to invite other CSIS users as co-authors and assign
them a specific role. Currently implemented are the “co-owner” (full rights), “team”
(can edit but not delete the study elements) and “observer” (read-only)

e Context: provides a summary of the study type and location and allows the user to
re-define this. Most notably, this step allows user to indicate the country and the
city/region where the project is situated.

e Area: as illustrated in the Fig. 6, this step features a study area map. Initially, this
map will automatically zoom and pan to the city/region chosen in the “context” step
and feature a greyed region indicating where the study can be made. This can be a
region that is significantly larger than the city itself, e.g. the Vienna region currently
includes the suburban and rural areas around Vienna and even the city of Bratislava



in neighboring Slovakia. This is a side effect of the way the underlying data (mainly
the Copernicus Urban Atlas data [12]) is organized.
By clicking on the “toggle edit” button, the user can define a study area within this
region. For illustration, a rather large area in the Neusiedl lake region has been selected
in the Fig. 6.

Study Area Map

+ Pt Thisja N o 3 .

Fig. 6. Choosing the study area

The “include in report” button at the left-bottom corner of the Fig. 6 allows the user to
take a map screenshot, add a comment to it and include the result in the future project
report. This generic feature that appears again and again in the study workflow and
allows the users to configure any interactive application that is embedded in the screen-
ing workflow, include the result in the report and comment the findings.

e Data: here is where the user can choose a data package to be used in this study.
Choice of the data package has a profound consequence on the data that will be
available in the study. E.g., two data packages could provide data with different res-
olution/quality or even different type of data (different hazards, elements at risk,
vulnerabilities, adaptation options).

Once the data package has been chosen, a “N out of 20 processes have finished. In
general calculations take about 10-15 minutes depending on the size of the Study area.”
will be shown to the user indicating that the calculation has been started in the back-
ground.
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2.5 Data visualization

What user needs to do to produce a study report now is to click through each of the
steps and through all of the sub-steps shown on the screen, read the instructions pro-
vided in the contextual help, interact with the embedded applications and decide which
data they wish to have included in the report. Currently, the screening workflow in-
cludes the following interactive applications:

5. First workflow step includes the EEA city factsheet, as a proof of concept for in-
cluding third party applications.

6. “Table” data views are provided at several steps. They allow the users to inspect
the data values and allow sorting by any column and downloading of the data in
several formats (CSV, JSON, GeoJSON).

7. “Map” views are used in almost all steps, to visualize the geospatial data. As illus-
trated in Fig. 8. to Fig. 10, it is already possible to compare the land cover with local
heat hazard distribution, population density and heat mortality in the study area.
Moreover, this comparison can be made for various combinations of the time period,
emission scenario end event frequency and the resulting map screenshots can be eas-
ily included in the study report

8. Several scenario comparison views are provided in the scenario analysis (Fig. 11).

2 Bezirk
Lecpoldstadlt
E
5

mmmmm

s
" - Leale:

Fig. 7. Prater area: land cover (green is the prater Park area)
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Fig. 10. Prater area: mortality (event frequency: yearly, rcp4.5, period: 2040-2071); units are
“people per 500x500m? area”.
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Fig. 11. Scenario comparison example: mortality pro million inhabitants in the whole study area.

2.6 Screening model calibration and validation

CLARITY urban heat impact screening includes the calculation of the Ambient tem-
perature Ta, Mean Radiant temperature Twmrt, and the simplified Universal Thermal
Climate Index (Turci) [13], as well as the downscaling of the population density and
the calculation of a severe heat impact on population (“mortality”) index — all at a
500x500m? spatial scale.

Twrr is calculated by applying a PLINIUS (CLARITY) simplified model, which is
based on the SOLWAY model that was developed by Lindberg et al. [14], whereas the
simplified Tyrci calculation was performed for a reference environment with a wind
speed (va) of 0.5 m-s-1 at 10 m height (approximately 0.3 m-s-1 at 1.1 m), as defined
by the International Society of Biometeorology Commission. Similar simplifications
apply to calculation of the population distribution (exposure), whereas the vulnerability
function, is based on mortality estimates from previous heat waves and the experiences
of the medical experts that were consulted by PLINIUS. Similar simple models have
also been developed for the flooding hazards.

Full details of the CLARITY models and their validation will be disclosed in a sep-
arate publication, but clearly, the models we use are extremely simplified, thus raising
the question of validity of the results. Our initial tests have indeed shown that the mean
radiant temperature provided by our screening model is higher than expected, resulting
in an overestimate for the Turci as well. A closer analysis shows that CLARITY screen-
ing model produces the results that are comparable with those of SOLWAY but higher
than those provided by e.g. Grasshopper and higher than suggested by available meas-
urements.

On the other hand, the Fig. 8. to Fig. 11 clearly show that the models used provide
plausible variations at a local scale. E.g., the temperatures are lower in the park area
than in the city center; mortality scales with population density and heat index values;
and mortality is higher in the “hotter” scenarios (rcp8.5, end of the century, rare events)
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than in the “colder” ones (historical and near-future data, lower RCP scenarios, yearly
and occasional events).

Our working assumption is that the Tmrr, Which is calculated for the noon at the
warmest day in the year is not representative for the Tucti and mortality and needs to
be scaled down to obtain more representative results. The calibration is currently per-
formed against the Naples data and will be followed by validation in the Linz, Austria
and Stockholm, Sweden, where the CLARITY expert studies are available. The details
on the modeling used as well as the results of the calibration and validation will be
published separately.

2.7  Adaptation options

As indicated in the section 1.3, the “local effect” models can be used both to calculate
the variation of the hazard due to urban fabric and to calculate the effects of the adap-
tation options at the same scale. At a time of writing this article, we have defined several
adaptation options that can be used in the screening study (Table 2) and implemented
a simple mechanism for the administrators to indicate which adaptation options should
be offered in a data package and for the end-users to indicate which adaptation options
they wish to test in the screening study.

Table 2. Examples of adaptation options and their effects on the input parameters for the simpli-
fied downscaling models

Adaptation option Effects to Al
Cool roofs - Dark (Waterproof | Albedo = 0.45; Emissivity | buildings
aluminium coated membrane) =0.60
Cool roofs - Light (Mineral | Albedo = 0.86; Emissivity | buildings
membrane coated white reflex | =0.90
ultra)

Green roofs - Extensive Albedo = 0.26; Emissivity | buildings

= 0.96; Runoff = 0.35
Green roofs - Intensive Albedo = 0.2; Emissivity = | buildings

0.97; Runoff = 0.2
Reflective surfaces - Dark (Cool | Albedo = 0.3; Emissivity = | built open
flooring, Cool coated) 0.90 spaces, roads
Reflective surfaces - Light (Cool | Albedo = 0.6; Emissivity = | built open
flooring, Cool coated) 0.80 spaces, roads

The initial values for the “effects” are a result of an offline study in the Naples area and
haven’t been validated at other locations yet. That is, they may change in the future.

Fortunately, the adaptation options, including their effects and the data layers they
are applicable to, are defined in the CSIS web integration platform and not hardcoded
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in the backend server. As a result, they can be easily reconfigured by the CSIS user
with sufficient privileges, using the web interface and without any changes to the
backend server.

2.8  The future

CLARITY CSIS service is implemented as a “proof of concept” and its development
will continue for another six months within the scope of the CLARITY project. Main
planned developments include:

e Adding support for the “flooding hazard screening” including the simple downscal-
ing models, buildings exposure, flood vulnerability and damage indicators to the
screening study.

e Implementing the application workflow for assessing the effects of the adaptation
options.

¢ Implementing the “traffic infrastructure screening” study type, in addition to the “ur-
ban infrastructure” one.

¢ Validating all the models used in the screening against sensor measurements and
against the results of the (more accurate) model results from the CLARITY expert
studies.

¢ Improving and extending of the data visualisation methods. For example, the data
views used by the table applications need to be redesigned and labels and units need
to be added to the map legend(s). Furthermore, we plan to implement an application
that will visualise the relevant indicator for the four time periods and the three RCP
scenarios in one compact x-t graph.

e Improving the application usability. For example, the application currently allows
the user to define one combination of the time period, rcp scenario and the event
frequency as a named “application present”. This preset is used in some parts of the
workflow to decide what data needs to be visualised. In the future, this will be ex-
tended to allow the users to define several presets and supported by all the embedded
applications.

3 Conclusion

At a time of writing this article (November 2019), the CSIS application is implemented
at a “proof of concept”, the results appear plausible and the work on validation of the
heat related indices is under way.

Once the features listed in section 2.8 have been implemented, the CSIS service will
turn into a very feature rich demonstrator that will allow the users to easily perform a
two types of screening studies (urban and traffic infrastructure) for two key hazards
(heat and flood), at least two elements at risk types (population and buildings in the
urban infrastructure study type) and a limited number of adaptation option types in most
of the Europe.
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Apart from the uncertainties concerning the validation of the simple downscaling
and impact models, the remaining implementation work is straightforward and the
probability of not reaching these goals therefore considered very low.

Depending on the results of the model validation, two things can happen: either the
simple models are found to be good enough for use with the EU-wide data package (as
is or with additional tuning), or we will find out that they need to be configured and
fine-tuned for use in a specific region. In both cases, the CSIS service could be rela-
tively easily turned into a sustainable service offer that can provide the users with initial
estimates of the future hazards and their impacts, as well as of the usability of the se-
lected adaptation options.

Currently, we are looking for the partners interested in industrialization and exploi-
tation of the project results. Early testers interested in the application are kindly asked
to open a user account at the https://myclimateservices.eu/en platform and request a
guided tour through the CSIS application or join one of the CSIS webinars.
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