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Executive Summary

This deliverable is the first update of the I-CHANGE data management plan. It will be
updated once more at month 42. While the first version of the data management plan (DMP)
was focused on describing the FAIR data principles, this version is concentrated more on
the challenges that have been met so far while working with the data. FAIR data principles
represent a general guideline how the data should be published within this project. Further
relevant international standards were also explained in the previous version.

This version of the DMP provides more details about the data used and produced within the
ICHANGE project in addition to the theoretical background explained in the previous version
of the DMP. Also, this version of the DMP specifically provides more information on the
sensor data which are being collected since the beginning of the -CHANGE project. Besides
the data which are being produced within the project, -CHANGE makes use of existing
sources of data and observations to fulfill the project goals. In this context, this update
introduces datasets which were acquired from different sources such as the Copernicus
Climate Change Service (C3S) and Chelsa (Climatologies at high resolution for the Earth’s
land surface areas).

Since I-CHANGE will manage a broad range of data, different security and ethical aspects
should be considered. So far, certain challenges have been encountered regarding ethical
and privacy issues in the process of acquiring and publishing sensor data. These challenges
are explained in more detail in this deliverable. Furthermore, ethical aspects are explained
in more detail within WP1 (D1.7) (Hakkarainen, Abernethy, Artell, & Soini, 2022).

This version of DMP provides possible directions for implementation of the DMP, but it is not
defining specific solutions. The implementation of the DMP will start in following period within
tasks of WP4. Within the Task 4.1.2 (the design of the software architecture of the I-
CHANGE Environmental Impact Hub (EIH)), concepts from this deliverable should be
considered to make the EIH architecture in line with the DMP. Potential changes of the DMP
resulting from activities of designing and implementing the EIH will be described within
following updates of this deliverable.

This deliverable also proposes an initial set of metadata elements which should be used to
describe data managed within the I-CHANGE project with aim to increase the FAIRness? of
the data. The metadata schema might also be revised in the final version of the DMP if the
need will be recognized in following stages of designing the architecture and implementing
the EIH. The deliverable mentions several standards which might not be known by a wider
audience. To not litter the document with explanations of acronyms, all abbreviations can
be found in Chapter 8.

1 https://lwww.go-fair.org/fair-principles/
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1 Introduction

The I-CHANGE project aims to engage citizens in the collection of environmental and socio-
economic data, through co-designed and personalized tools such as new apps and friendly yet
reliable devices. I-CHANGE Living Labs (LLs) are distributed primarily in Europe but also beyond
and provide examples of different climatic, socio-economic, and cultural conditions of the EU. This
should result in a large variety of different types of data. An important initial step is to define a solid
strategy for cataloguing and storing the data.

The first release of Data Management Plan (DMP) gave an initial vision on how research data will
be handled during the I-CHANGE lifetime and beyond. The initial DMP is updated at M24 (this
deliverable) and final update will be released at M42. The first release of DMP presented the
theoretical background and an overview of standards, directives and other relevant sources which
could be used for ensuring the FAIR data principles (see Chapter 2). The FAIR data principles have
been defined by a group of scientists (Wilkinson, et al., 2016). Within this project, it is used as a
general guiding set of principles for data handling within the project but also after the project ends.

The second update of the DMP gives more information about the data used and produced within |-
CHANGE project. So far, different climate data have been used in the project and sensor data are
being continuously collected. Some of the sensor data have been published in the ICHANGE EIH
Dashboard. New sensors and datasets are being continuously published in the Dashboard, once
they are checked and prepared for publishing.

The DMP reflects activities within I-CHANGE project and it is being used within WP4 when
developing different I-CHANGE Environmental Impact Hub (EIH). The I-CHANGE EIH and the
Dashboard represent the central hub of the data, tools, apps, and information developed within the
project, destined to the storage, quality check, harmonization and processing of different types of
collected data. The Dashboard is the interface connecting the EIH to the citizens who provide
information through their devices and receive feedback through the apps and interfaces co-designed
and co-developed in a multi-disciplinary and participatory approach.

This deliverable is organized in a following manner. Section 2 describes in more detail the FAIR data
principles and related international standards. The importance of metadata is emphasized in this
section. This is especially important for geospatial data since almost 80% of data contains spatial
component. However, their findability and accessibility is not still at a satisfying level in the
mainstream web. The concept of Spatial Data Infrastructure (SDI) aims at increasing the availability
and accessibility of geospatial data.

This Deliverable is structured as follows: Section 3 provides an overview of different classifications
of data. Several criteria have been used to classify the data:

e Data do or do not have spatial component

o Methods of data collection or generation

e Acquisition regime
The classification of data will allow defining a common set of rules on a group of datasets. Also, the
categories represent the metadata of a dataset so they can be used to help users to find and manage
data in an easier manner.
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Since I-CHANGE will handle different types of data, it is needed to consider different security and
ethical aspects of the data management which is explained in Section 4.

Section 5 describes potential solutions for the implementation of the DMP. Also, an initial set of
metadata is described which should be collected in order to increase the FAIRness of I-CHANGE
data. Practically, the data will be visualized in the Dashboard, but accessed through other channels
which might be enabled at later stages of the project, such as FTP (File Transfer Protocol) or API
(Application Programming Interface).

10
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2 The FAIRness of data

The project follows the European Commission Guidelines on FAIR Data Management in Horizon
2020. The primary goal is to improve the infrastructure supporting the reuse of scholarly data by
agreeing in a common set of principles known as the FAIR Data Principles.

The FAIR data or FAIR data principles represent a set of guiding principles proposed by scientists
and organizations to support the reusability of digital assets (Wilkinson, et al., 2016). The principles
mark an important refinement of the concepts needed to give data greater value and enhance their
propensity for reuse, by humans and at scale by machines. These principles have been accepted
by scientists and different institutions worldwide. Findable and Accessible properties define that data
should be accessible by appropriate people, at an appropriate time, in an appropriate way.
Interoperable and Reusable properties mean that data should be described with metadata in an
appropriate machine-readable form.

The FAIR Data Principles are described as follows (Wilkinson, et al., 2016):
1. Findable:
a. Metadata are assigned a globally unique and eternally persistent identifier.
b. Data are described with rich metadata.
c. Data (and metadata) are registered or indexed in a searchable resource.
d. Metadata specify the data identifier.
2. Accessible:
a. Data (and metadata) are retrievable by their identifier using a standardized
communications protocol.
b. The protocol is open, free, and universally implementable.
c. The protocol allows for an authentication and authorization procedure, where
necessary.
d. Metadata are accessible, even when the data are no longer available.
3. Interoperable:
a. Data (or metadata) use a formal, accessible, shared and broadly applicable language
for knowledge representation.
b. Data (or metadata) use vocabularies that follow the FAIR principles.
c. Data (or metadata) include qualified references to other (meta)data.
4. Re-usable:
a. Data (or metadata) have a plurality of accurate and relevant attributes.
b. Data (or metadata) are released with clear and accessible data usage licenses.
c. Data (or metadata) are associated with their provenance.
d. Data (or metadata) meet domain-relevant community standards.

2.1 The importance of metadata
Metadata - data about data - enrich datasets with additional information such as quality,
completeness or lineage. This allows users or computers to better assess datasets for a specific
use. Metadata enable easier discovery of data (geospatial and non-geospatial as well).
Data, with associated context for its use (documentation, metadata) become information. Data
without context are not as valuable as documented data. There are significant benefits to such asset
management (Nebert, 2004):

e Metadata helps organize and maintain an organization’s investment in data and provides

information about an organization’s data holdings in catalogue form

11
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e Coordinated metadata development avoids duplication of effort by ensuring the organization
is aware of the existence of data sets
e Users can locate all available geospatial and associated data relevant to an area of interest
e Collection of metadata builds upon and enhances the data management procedures of the
geospatial community
e Reporting of descriptive metadata promotes the availability of geospatial data beyond the
traditional geospatial community
o Data providers are able to advertise and promote the availability of their data and potentially
link to online services (e.g. text reports, images, web mapping and ecommerce) that relate
to their specific data sets
Geospatial data are normally stored in an encoded geospatial layer, which is hidden from search
engines. Since 80% of available information contains a spatial component, there is a strong
requirement for efficient management of geospatial data at all levels of society.

2.2 International standards

I-CHANGE will handle wide variety of datasets. Many of these datasets will be in legacy/ proprietary
formats which potentially don’t follow any standards. However, international standards increase
discoverability and interoperability of geospatial data and catalogue services. These standards are
developed in cooperation of Open Geospatial Consortium (OGC) and International Organization for
Standards (ISO). To support such variety of data formats, we will apply broker software architecture
which will increase the flexibility of the EIH.

Geospatial data are being used in many domains for different purposes. Several standards are
available in the geospatial domain which enables their FAIRness. In the geospatial domain much
effort has gone into standardizing and increasing the FAIRness of geospatial data and services.
Here we list the organizations that are most relevant in that domain:

¢ International Organization for Standardization (ISO) Technical Committee (TC) 211 —

Geographic information/Geomatics;

e Open Geospatial Consortium (OGC);

e The Open Source Geospatial Foundation (OSGeo);

e European Commission (EC).

The International Organization for Standardization (ISO) is an independent, non-governmental
international organization with a membership of 163 national standards bodies. Through its
members, it brings together experts to share knowledge and develop voluntary, consensus-based,
market relevant International Standards that support innovation and provide solutions to global
challenges. ISO is divided into technical committees (TC). They are numbered in order as they were
created. Each technical committee deals with a certain topic. TC 211 deals with the standardization
in the field of digital geographic information. As indicated in their portal, the scope of ISO/TC 211 is
to establish a framework of standards for information concerning objects or phenomena that are
directly or indirectly associated with a location relative to the Earth.

The Open Geospatial Consortium (OGC) is an international non-profit organization that aims to
create quality open standards for the global geospatial community. These standards are made
following a structured review process and are publicly available for any user wishing to use them to
enhance sharing of the world’s geospatial data. OGC standards are widely used in sectors such as
geosciences and environment, Smart Cities, Emergency Response and Disaster Management.
OGC and ISO TC 211 closely cooperate and various OGC standards became ISO standards. It is

12
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worth mentioning that the OGC’s mission is to make geospatial (location) information and services
FAIR — Findable, Accessible, Interoperable, and Reusable.

The Open Source Geospatial Foundation (OSGeo) is a non-profit organization that aims to promote
the adoption of open geospatial technology at global scale. The foundation is based on an open
philosophy and participatory community driven development. OSGeo provides support to the open
source geospatial community offering economic resources as well as organizational and legal
assistance. Its aim is also to manage the contributions (code, funds and other resources) and
preserve them for public utility. One of OSGeo priorities is also to represent and advocate the open
source geospatial community. Furthermore, it provides a common forum and public infrastructure in
order to enhance cross-project collaboration. The foundation’s projects are all freely available and
usable under an Open Source Initiative certified open source license.

The European Commission (EC) is a diversified institution with different powers depending on the
specific policy area. It is a very influential actor in the environmental sector at global scale and its
legislation is very prolific in the environmental sector including the Water Framework directive, the
Habitats directive, the Environmental Impact Assessment directive and the INSPIRE directive, to
name the most relevant for our purposes. In the geospatial domain a particularly important role is
played by the INSPIRE (Infrastructure for Spatial InfoRmation in Europe) EU Directive (2007/2/EC)
which “aims at creating an EU spatial data infrastructure (SDI) for the purposes of EU environmental
policies and policies or activities which may have an impact on the environment”. The scope of
European Spatial Data Infrastructure is “to enable the sharing of environmental spatial information
among public sector organizations, facilitate public access to spatial information across Europe and
assist in policy-making across boundaries” (EC, 2007). The EC adopted and extended many 1SO
standards in INSPIRE technical specifications and their practical implementation. Recently, the
European Union has added OGC API features as an example of INSPIRE good practice. This is a
guite important shift in approach because, previously, an INSPIRE profile has been defined for each
service type (download, view). Now, an effort has shifted towards the use of data standards “as is”
rather than developing INSPIRE-specific extensions; thus, facilitating the use of “off the shelf”
software for the delivery of INSPIRE data.

All listed institutions cooperate to address different aspects and levels of SDI. Currently, there are
several standards that address different aspects of SDI. Every standard relies on a common
conceptual foundation which makes these standards mutually compatible and eliminates
overlapping. Standards managed by ISO/TC211 rely on Unified Modelling Language (UML) for
defining conceptual model. Geographic information standards underpin the realization of SDIs and
provide a foundation for other domains which need to describe the world. They facilitate the
discovery, access, and appropriate use of geographic information, i.e. interoperability. Geographic
information standards rely on a significant IT and other standards that are not specifically geographic
(Figure 1). Domain-specific standards then build on geographic standards. Together, they constitute
the pillars for interoperability.

13
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Geographic information standards

Figure 1: The layers of standards

Standards enable interoperability by consistent and interoperable definitions and structure for data
and metadata (semantics), encoding (syntax), access (services), and processing (services). On the
web, these “services” are increasingly known as Application Programming Interfaces (APIs).
Standards support creating, reproducing, updating and maintaining geographic information that is
needed by system integrators, application developers, researchers, industry, academia, decision
makers in the public and private sectors, and for all people.

Here we list some of the most relevant standards in the domain of geospatial data, metadata and

services.

e Common conceptual model

(0]

ISO 19103 (Conceptual schema language) — provides rules and guidelines for the
use of a conceptual schema language within the context of geographic information.
The chosen conceptual schema language is the Unified Modeling Language (UML).
ISO 19109 (Rules for application schema) — defines rules for creating and
documenting application schemas, including principles for the definition of features.
ISO 19118 (Encoding) — specifies the requirements for defining encoding rules for
use for the interchange of data that conform to the geographic information in the set
of International Standards known as the “ISO 19100 series”.

e Geospatial data

o

ISO 19107 (Spatial schema) — defines conceptual schemas for describing the spatial
characteristics of geographic features, and a set of spatial operations consistent with
these schemas.

ISO 19125 (Simple feature access) — a simplified model of ISO 19107 which consists
of two parts: first, establishes a common architecture for geographic information and
second that specifies an Structured Query Language (SQL) schema that supports
storage, retrieval, query and update of simple geospatial feature collections.

ISO 19136 (Geography Markup Language - GML) —an XML encoding in accordance
with ISO 19118 for the transport and storage of geographic information modelled in
accordance with the conceptual modelling framework used in the ISO 19100 series
of International Standards and including both the spatial and non-spatial properties of
geographic features.

14
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O

ISO 19129 (Imagery, gridded and coverage data framework) — defines the framework
for imagery, gridded and coverage data. This framework defines a content model for
the content type imagery and for other specific content types that can be represented
as coverage data.

¢ Metadata

O

ISO 19115 (Metadata) — defines the schema required for describing geographic
information and services by means of metadata. It provides information about the
identification, the extent, the quality, the spatial and temporal aspects, the content,
the spatial reference, the portrayal, distribution, and other properties of digital
geographic data and services.

ISO 19139 (Metadata XML schema implementation) — defines XML based encoding
rules for conceptual schemas specifying types that describe geographic resources.
The encoding rules support the UML profile as used in the UML models commonly
used in the standards developed by ISO/TC 211. The encoding rules use XML
schema for the output data structure schema.

e Services

@)

ISO 19119 (Services) — defines requirements for how platform neutral and platform
specific specification of services shall be created, in order to allow for one service to
be specified independently of one or more underlying distributed computing platforms.
ISO 19128 (Web Map Server - WMS) — specifies the behavior of a service that
produces spatially referenced maps dynamically from geographic information.

ISO 19142 (Web Feature Service - WFS) — specifies the behavior of a web feature
service that provides transactions on and access to geographic features in a manner
independent of the underlying data store. It specifies discovery operations, query
operations, locking operations, transaction operations and operations to manage
stored parameterized query expressions.

OGC WCS (Web Coverage Service) — specifies the behavior of a service that serves
multi-dimensional coverage data. WCS Core specifies a core set of requirements that
a WCS implementation must fulfill.

OGC CAT (Catalogue Service) — Catalogue services support the ability to publish and
search collections of descriptive information (metadata) for data, services, and related
information objects. Metadata in catalogues represent resource characteristics that
can be queried and presented for evaluation and further processing by both humans
and software.

e Observations

O

ISO 19156 (Observations & Measurements — O&M) — defines a conceptual schema
for observations, and for features involved in sampling when making observations.
These provide models for the exchange of information describing observation acts
and their results, both within and between different scientific and technical
communities.

OGC Sensor Model Language (SensorML) — provides a robust and semantically-tied
means of defining processes and processing components associated with the
measurement and post-measurement transformation of observations.

OGC Sensor Observation Service (SOS) — defines a Web service interface which
allows querying observations, sensor metadata, as well as representations of
observed features. Also, this standard defines means to register new sensor and to
remove existing ones.

15
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o OGC Sensor Planning Service (SPS) — defines interfaces for queries that provide
information about the capabilities of a sensor and how to task the sensor.

o OGC SensorThings API (STA) — provides an open, geospatial-enabled and unified
way to interconnect the Internet of Things (IoT) devices, data, and applications over
the Web.

2.3 OGC API standards

In the last years, another set of standards called OGC API standards emerges as an improvement
of existing OGC standards to underpin FAIR data principles. The OGC API family of standards are
being developed to make it easy for anyone to provide geospatial data to the web. These standards
build upon the legacy of the OGC Web Service standards (WMS, WFS, WCS, WPS, etc.), but define
resource-centric APIs that take advantage of modern web development practices.

These standards are being constructed as “building blocks” that can be used to assemble novel APIs
for web access to geospatial content. The building blocks are defined not only by the requirements
of the specific standards, but also through interoperability prototyping and testing in OGC’s
Innovation Program.

In recent years, Web APIs have been extensively used in web, cloud and mobile applications. A
special architectural type of APIs are RESTful APIs (Felding, 2008) which defines how the resources
are addressed and transferred via HTTP, regardless of the programming language implementing it.
In last few years, it has become a predominant web service design model, displacing SOAP and
WSDL-based interface design which relied on XML, mainly because of the simplicity which RESTful
APIs bring. Web applications have started to be used increasingly by Google’s implementation of
AJAX (Asynchronous Javascript and XML) concept in their applications Gmail and Google maps.
AJAX enabled the website fragments to be loaded without the need for reloading the entire website
which was a common approach until then. AJAX is a paradigm utilizing a set of web development
techniques, relying on various existing web technologies. Both, RESTful APIs and AJAX are mostly
using JSON for object serialization, instead of XML, mainly because of its simplicity. AJAX enables
the interactivity of web sites, while RESTful APIs bring the simplicity in the APl design and
implementation. The two put together has made web applications to be used increasingly. Another
momentum for API usage is the development of mobile applications. Nowadays, as phones are
extensively used, mobile applications are being used for collecting and visualizing data. Having
several channels for managing the data, increased the usage of APIs by multiple applications. With
the development of Web, geospatial data have been increasingly published on the web.

A set of OGC WxS standards (WMS, WFS, WCS, WPS, CSW) has been developed in early 2000s
and has defined the structure and access methods to different types of geospatial data, relying
extensively on XML format which was state-of-the-art at that time. Since then, a lot has changed.
Web and mobile applications are now being used on a massive scale. After the release of Google
maps, numerous geospatial web applications have been published. The WxS standards have been
implemented and used in these applications, but XML has been continuously replaced by JSON
since it is lighter and easier to parse by programming languages.

OGC is continuously following the development of technologies and therefore in 2018 initiated
activities on a new set of OGC standards called OGC API, utilizing the benefits of APIs to increase
the usage of geospatial data. OGC API is defining resource-centric APIs adopting the modern web
development practices without making references to any of existing web technologies since they are
changing rapidly and continuously. Some of OGC API standards, covering different domains are:

16
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o Features,

e Maps,

e Processes,

e Coverages,

e Records.
OGC API Features are an upgrade of the domain which was handled previously by WFS, maps
previously handled by WMS, processes by WPS, coverages by WCS, metadata records by CSW.
These legacy WxS standards are the basis for new OGC API standards. WxS standards are not
being replaced by OGC API, but the latter provide a simpler and more straightforward alternative.

OGC API Features specifies how features in a dataset can be accessed in manner independent of
the underlying data store by defining discovery and query operations (OGC, 2019). Discovery
operations enable clients to interrogate the API to determine its capabilities and retrieve information
about this distribution of the dataset, including API definition and metadata about the feature
collections provided by the API. Query operations enable clients to retrieve features from the
underlying data store based upon simple selection criteria, defined by the client.

OGC API Features define six requirement classes for encodings to make the standard modular and
reduce the dependency on the current state-of-the-art. The main requirement class is Core which
specifies requirements that all Web APIs have to implement. The Core does not mandate a specific
encoding or format for representing features or feature collections. Four optional requirement classes
depend on the Core and specify representations for these resources in commonly used encodings
for spatial data on the web:

e HTML,

e GeoJSON,

e Geography Markup Language (GML), Simple Features Profile, Level 0 and

e Geography Markup Language (GML), Simple Features Profile, Level 2.
Especially, HTML representation is important here since it enables providing built in GUIs (graphical
user interfaces) into the API itself, thus enabling a simple out-out-of-the box access to the data and
processes to any non-professional user. Other encodings can be implemented as well. The Core
does not mandate any encoding for the formal definition of the API either. A possible option is the
OpenAPI 3.0 specification. A special requirement class for OpenAPI 3.0. has been specified and it
depends on the Core. Alternative encodings of API definitions can be used as well, such as: OpenAPI
2.0. (Swagger), OWS Common 2.0. capabilities or WSDL.

There are already existing implementations of OGC API Features in practice. INSPIRE recently
endorsed good practice on OGC API Features as an INSPIRE download service. The good practice
document proposes a technical approach for implementing the requirements set out in the INSPIRE
Implementing Rules for Network Services [Irs for NS] based on the OGC API — Features standard.
The approach described is not legally binding and shows one of several ways of implementing
INSPIRE Download services (INSPIRE-MIG, 2021).

OGC API Processes standard builds on the OGC Web Processing Service (WPS) 2.0 and defines
the processing interface to communicate over a RESTful protocol using JSON encodings (OGC,
2021). Even though WPS makes computational processing services accessible via web services,
the new OGC API Processes standard provides a newer and more modern way of programming and
interacting with resources over the web as well as a better integration into existing software
packages. It enables the execution of computing processes and the retrieval of metadata describing

17
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process’ purpose and functionality. The definition of a process in OGC API Processes standard is
guite generalized and specifies it as an umbrella term for any algorithm, calculation or model that
either generates new data or transforms some input data into output data as defined in WPS 2.0
Standard.

18
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3 Data summary

This section gives an initial overview of data that could be collected and used within the project. We
also provide an initial classification of data which most likely will be revised in future revisions of this
deliverable based on the project’s needs and new findings. The aim of this section is to explain what
types of data we are considering to be used and how do we define these types of data. To increase
the interoperability of data and maximize the usage of data, we will follow the FAIR (Findable,
Accessible, Interoperable, and Reusable) data principles if possible.

Below, we explain how we classify the data in I-CHANGE project. We use the classification as means
to organize the data and help users to understand it better and find it in an easier manner.

3.1 Spatial and non-spatial data

Spatial data is a term used to describe data containing information about a specific location on the
Earth’s surface, sometimes referenced as geospatial data to emphasize relationship to the location
on Earth (hence the prefix geo). Spatial data are essential for any mapping activity as they provide
information on the exact location, shape, size, and orientation of a given entity (e.g., a river). Non-
spatial data, on the contrary, contain information which is independent from any geometric and/or
topological consideration (e.g., street names). Non-spatial data are also termed attributes as they
are usually combined with spatial data to provide additional information on the specific geographic
entities identified by a spatial dataset. For example, the geometric characteristics of a city district
(spatial data) can be combined with information on air quality (nhon-spatial data) and displayed
together on a map using a legend of colors, with each color indicating a certain level of air pollution.

3.1.1 Non-spatial data

Non-spatial data is data that contain “what” instead of “where”. Such data is independent of
geographic location. Non-spatial data can help put spatial data into more context. Non-spatial data
can be modelled and stored in different structures such as hierarchical, relational or object. Attributes
are the non-spatial characteristics that describe spatial objects. For instance, in relational structure,
attributes are commonly arranged in tables were a row is equivalent to one entity and a column is
equivalent to one attribute of that entity. Typically, each row could be related to one or more
geospatial objects. Typically, each object can have multiple attributes that describe the object, in
relational model usually called an attribute table. Different types of data coexist under the non-spatial
data umbrella. Generally, non-spatial data define “facts or propositions used to draw conclusions or
make a decision” and, usually they are raw information both numerical and non-numerical. Attributes
could be used to store different descriptive statistical information, which can be broken down into
four different categories: nominal, ordinal, interval, and ratio.

A nominal attribute data provides descriptive information about the object such as the color of the
object, the name of an object so for instance a city name, or the type of an object. Such descriptive
information does not imply any order, size, or any other quantitative information. That means that it
is not possible to state that one attribute is greater than or less than another attribute or to multiply
attributes together, so for instance, it does not make sense to multiply the color blue by the color red.
The only comparisons you can do with nominal attributes are to check whether to attributes are equal
or not equal. The next attribute category is ordinal attribute data, which imply a ranking or order
based on their values. These values can be descriptive text, or numerical. For example, one can
describe an object as having a high/medium/low ranking, or a ranking of 100/50/1. In either case,
these ordinal attributes allow to specify rank only, and not scale. The third entry category is interval
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attribute data. Interval attributes imply a rank order and magnitude or scale. Interval attributes use
numbers, however, those numbers do not have a natural zero, and use an arbitrary zero point
instead. For instance, if we look at temperature on the Fahrenheit scale, 0°F is not a natural zero
point for temperature, it is a human defined zero point. Therefore, while we can say that 50°F is 10°F
more than 40°F, we cannot say that 50°F is twice as hot as 25°F, again, because 0°F is a human
created zero, and not a natural phenomenon. With an interval attribute, addition and subtraction to
make sense but not multiplication since values are relative from that arbitrary zero. The fourth and
final category is the ratio attribute data. A ratio attribute implies both rank order and magnitude about
a natural zero. Ratio data, unlike interval attribute data, use numerical attributes of addition,
subtraction, multiplication, and division where there is an absolute natural zero. For example, if we
are measuring speed in miles per hour, then a car not moving at all is moving at zero miles per hour.

An important example of non-spatial data are code lists. Standardized code lists increase
interoperability between systems and datasets. An example of a code list is the list of ISO country
codes. ISO standard 3166 provides a list of all countries in the world along with standard two- and
three-letter country acronyms. Another example is list of languages (ISO 639) which allows both
users and computers to understand unambiguously the meaning of code list items. Other types of
non-spatial data can include policy documents, various reports, etc.

3.1.2 Spatial data

Almost 80% contain spatial component. Two most basic types of spatial data are raster and vector
data. Raster data represent spatial data as a matrix of cells (or pixels) organized into rows and
columns (a grid) where each cell contains a value representing information (such as elevation,
temperature, number of people).

Coverage enables storing data in a regular grid format as raster data. In fact, coverage can be
considered as raw geospatial raster behind an image. Coverages represent homogeneous
collections of values located in space/time, such as spatio-temporal sensor, image, simulation, and
statistics data. Common examples include 1-D timeseries, 2-D imagery, nD coverage data
representing geophysical data with a possibility to contain temporal dimension. Generally, coverages
encompass multi-dimensional regular and irregular grids, point clouds, and general meshes.
Coverages can be encoded in any suitable format (such as GML, JSON, GeoTIFF, or NetCDF) and
can be partitioned, e.g., for a time-interleaved representation. Coverages are independent from
service definitions and, therefore, can be accessed through a variety of OGC services types, such
as WCS or WMS. The coverage structure can serve a wide range of coverage application domains,
thereby contributing to harmonization and interoperability between and across these domains.

Vector data has spatial components composed of two sub-components: geometrical and topological
primitives that provide complete information about a geospatial feature. Geometry contains metric
data, usually in the form of coordinates in a reference system, while topology defines relationships
between features.

Geometry can be structured and stored in several forms. However, in geoinformation systems (GIS)
most common structure is based on ISO 19125, representation of simple features. ISO 19107 has
been developed to describe spatial characteristics of geographical features and spatial operations
to access, query, manage, process and exchange data. However, this standard is quite extensive
which makes it more demanding to implement. For instance, Geography Markup Language (GML),
ISO 19136 implements only a subset of classes defined in ISO 19107. Many open-source and
commercial geospatial software implement a simplified data model defined in ISO 19125.
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Geospatial data in GIS capture part of the real world according to a defined data model. They can
be a direct product of observations or a result of modelling processes. In a Service-Oriented
Architecture (SOA) there is a possibility to define digital workflows to publish geospatial data
automatically or to apply a series of chained processes before creating the final geospatial dataset.

Certain datasets can be obtained/produced periodically which imposes a need to assign a temporal
component to the dataset. Temporal component can be integrated into the dataset itself. For
instance, as a separate dimension in coverage dataset or as a separate attribute in vector dataset.
An example of such dataset is E-OBS grided dataset which contains files for each of meteorological
variables (temperature, precipitation, sea level pressure) since 1950s till 2019" in NetCDF format
with temporal component integrated as a separate dimension. Another option to differentiate
temporal epochs is to create separate files for each time epoch. An example of such a dataset is
Corine Land Cover which has separate files for following time epochs: 1990, 2000, 2006 and 2012
and 2018.

Below are explained spatial datasets used in ICHANGE project, by date. The main purpose of the
collected datasets is to raise awareness on hazards, their impacts and behavioral suggestions. The
datasets are used in different sections of the Dashboard.

3.1.2.1 Living labs data summary

An important source of data in the I-CHANGE project are the Living Labs. This section gives more
information about the Living Lab data based on the meetings between WP3 & WP4 with the Living
Labs that took place in June and July 2022. Each Living Lab is collecting and producing datasets for
their own respective area. Table 1 shows the Living Labs’ spatial boundaries within the datasets are
planned to be collected/produced.

Table 1: Spatial boundaries of LL sensor observations

LL Boundary

Amsterdam Amsterdam city

Barcelona Barcelona and Metropolitan Area

Bologna Bologna and Metropolitan Area

Dublin Greater Dublin area

Genoa Genoa metropolitan area and the nearby sea
Hasselt City of Hasselt

Jerusalem Jerusalem city

Ouadagougou City of Ouagadougou

The data they are collecting and producing are mostly sensor observations complemented with the
data resulting from numerical simulations, statistical estimates or crowdsourcing campaigns. Table
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2 summarizes the data which Living Labs are collecting/producing or they are planning to

collect/produce within the I-CHANGE project.

Table 2: Living labs data summary

LL

Data

Amsterdam

Temperature, humidity, CO2, concentration sound
level at 5 min interval from Netatmo; temp, humidity,
wind speed, rain, radiation and turbulent fluxes
(including CO2) + traverse observations of
temperature, humidity, wind speed, long- and
shortwave radiation; indoor temperature

Barcelona

Temperature, precipitation, PMs, pressure, humidity
and CO2

Bologna

Data from Meteotracker and Smart Citizen Kit +
Meteorological data (temperature, wind,
precipitation, relative humidity) from ARPAE + Air
qguality data from ARPAE + traffic flow data +
population data + other open data or collected
through specific campaigns (e.g., mapping of
existing NBS. Data from high-end sensing
technologies  (sonic  anemometers, thermal
cameras, cielometer, net radiometer)

Instrumental data, results from numerical
simulations, statistical estimate, surveys

Dublin

Weather- 3 stations in Dublin + Air pollution — EPA
stations and local council stations + National stations
+ data from Smart Citizen Kit and Telraam traffic
counters

Genoa

Temperature and precipitation, relative humidity +
data from Meteotracker and Smart Citizen Kit + Fuel
consumptions and water consumptions

Hasselt

Temperature, pressure, change of modes, pollutant
concentrations

Jerusalem

Temperature, pressure, humidity, radiation, altitude,
air pollution, cellular signal power

Ouadagougou

LCE Analyses: Waste type and quantity,
Compliance with waste sorting, Quantity of waste
reused or recycled

HRA Analyses: Rainfall, Sea-Surface Temperature,
Relative humidity, Precipitable water, Wind speed
and direction (925 hPa, 850 hPa, 700hPa, 200hPa),
discharge,  Evapotranspiration, water level);
Meteotracker;  Satellite retrievals; data on
vulnerability

In-situ data, gridded data, survey, Web scraping of
twitter data
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3.1.2.2 Climate datasets

CHELSA (Climatologies at High resolution for the Earth’s land Surface Areas) is a very high
resolution (30 arc sec, ~1km) global downscaled climate dataset currently hosted by the Swiss
Federal Institute for Forest, Snow and Landscape Research WSL. It is built to provide free access
to high resolution climate data for research and application. It includes climate layers for various time
periods and variables, ranging from the Last Glacial Maximum to the present, to several future
scenarios. CHELSA is based on a mechanistical statistical downscaling of global reanalysis data or
global circulation model output. The dataset is freely available for downloading.

This dataset has been published in the Dashboard. More specifically, past climate data (period 1981-
2010) has been downloaded and monthly mean and maximum values have been calculated for the
period. Also, several climate scenarios have been downloaded and processed for the period 2011-
2040. Minimum, mean and maximum values have been downloaded and monthly mean values have
been calculated for each variable. The following three different scenarios have been considered:
RCP2.6, RCP7, RCP 8.5).

3.1.2.3 Nature Based Solutions (NBS)

Nature Based Solutions (NBS) provide an effective method to reduce effects of climate change.
Within the OPERANDUM project, a catalogue of existing NBS solutions has been created with more
than 500 NBS case studies collected. This catalogue provides a rich set of information for each NBS
case study such as easy-to-understand description, potential benefits/co-benefits and
implementation guidelines.

This dataset has been used in the Dashboard as well in different sections. Climate storyline pages
are aiming at increasing awareness on different hazards. NBS are used as an example how to
combat the climate change (Figure 2).

Nature-based Solutions to lower the risk of landslides

Live cribwall

Description A retention or gravity wall built with timber logs forming a crib backfilled with local earth and plant materials.

Co-benefits « Biodiversity
* Air Quality
* Soil Conversation
« Well-being
« Public participation
* Social cohesion

Example « Live cribwalls to prevent landslides, Artouste, France

Source Operandum (GeolKP)

Figure 2: An example an NBS addressing the risk of landslides
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The climate storyline pages show only few examples of NBS but the Dashboard’s map shows larger
number of NBS case studies compiled in the GeolKP NBS catalogue within OPERANDUM project
(Figure 3).
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Figure 3: NBS catalogue visualized in the Dashboard’s map

3.2 Methods of data collection and generation
There are plenty of methods for data collection and generation. Each of these methods has its own
rules and metadata describing them. In this section we give a preliminary classification of these
methods:

e Point observations

¢ Remote sensing and Earth observations

¢ Modelling techniques

e Big data

e Surveys & census

e Citizen science
This list will be revised in future updates of DMP if the project needs will require such action. Also,
there are number of existing data repositories and data providers which can be used in different
domains.

3.2.1 Point observations

According to INSPIRE, point observation is an observation that represents a measurement of a
property at a single point in time and space. Nowadays, data collection is not limited to an enterprise,
high-precision, complex observation system performed by educated professionals. Now, data can
be collected or observed by using various low-cost sensors, high precision geodetic equipment,
satellites, or a mobile phone. To make all these sources interoperable and semantically enriched
with metadata OGC published several standards. OGC initiative called Sensor Web Enablement
(SWE) resulted in a series of frameworks and open standards for exploiting web-connected sensors
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and sensor systems of all types: flood gauges, air pollution monitors, stress gauges on bridges,
mobile heart monitors, webcams and other sensors and sensor systems.

The models, encodings, and services of the SWE architecture enable implementation of
interoperable and scalable service-oriented networks of heterogeneous sensor systems and client
applications. OGC’s SWE initiative is focused on developing standards to enable the discovery,
exchange, and processing of sensor observations, as well as the tasking of sensor systems. Within
the SWE initiative, the enablement of such sensor webs and networks is being pursued through the
establishment of several encodings for describing sensors and sensor observations, and through
several standard interface definitions for web services. SWE standards that have been prototyped,
built, and adopted by the OGC membership include the following standards:

e Observations & Measurements Schema (O&M) — models and XML Schema for encoding
observations and measurements from a sensor, both archived and real-time.

e Sensor Model Language (SensorML) — models and XML Schema for describing sensors
systems and processes; provides information needed for discovery of sensors, location of
sensor observations, processing of low-level sensor observations, and listing of properties.

e Transducer Markup Language (TransducerML or TML) — model and XML Schema for
describing transducers and supporting real-time streaming of data to and from sensor
systems.

e Sensor Observations Service (SOS) — Standard web service interface for requesting, filtering,
and retrieving observations and sensor system information. This is the intermediary between
a client and an observation repository or near real-time sensor channel.

e Sensor Planning Service (SPS) — Standard web service interface for requesting user driven
acquisitions and observations. This is the intermediary between a client and a sensor
collection management environment.

e OGC LandInfra — a conceptual model for modelling civil engineering infrastructure facilities
such as roads, railways, land features but also for modeling land surveys. Itis related to OGC

3.2.2 Remote Sensing and Earth Observation

Remote sensing (RS) is the technique of observing and collecting information about an object or
phenomenon from a distance, by means of sensors that are not in physical contact with the object
of investigation (target). The platform employed to be “at a distance” from the target can be air-borne,
space-borne or ground-based. Typical airborne platforms are drones and aircrafts, while satellites
are used as space-borne platforms. Note that when the target of investigation is the Earth, the term
Earth Observations (EO) is commonly used to indicate data gathered from earth observing satellites.
Finally, ground- (or sea-) based platforms consist of sensors mounted on tripods or moving vehicles.
These platforms, along with drones, are mainly used for acquiring very detailed information at smaller
spatial and temporal scales.

At present, a multitude of RS techniques is available, including visible and infrared imaging, light
detection and ranging (LIDAR), and synthetic aperture radar (SAR). Multispectral sensors allow to
study the changes of vegetation or built areas (land use changes), while thermal imagery can be
used for measuring the urban heat island effect. Beside satellite imagery, aerial photography is
another important source of information about the Earth surface: LIDAR sensors, for example, allow
gathering high-resolution elevation data, which can be applied for measuring the heights of trees or
buildings. Remote sensing and EO are also frequently used to analyze forest dynamics,
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pollution level, changes in soil erosion, an estimate of the animal population, and the impact of
natural disasters. Table 3 presents preliminary list of data sources providing public access to EO
data.

Table 3: Earth Observation data sources providing public access to data (ESA, 2022)

Data source URL

ESA https://earth.esa.int/web/guest/home

EU Copernicus /Sentinel operated by | https://sentinel.esa.int/web/sentinel/
ESA

Sentinel Hub https://www.sentinel-hub.com/

EU Copernicus Open Access Hub https://scihub.copernicus.eu/

EU Copernicus Data and Information | https://scihub.copernicus.eu/twiki/do/view/SciHubW
Access Services (DIAS) ebPortal/WebHome#dias-box

Copernicus portal https://www.copernicus.eu

Eumetsat http://www.eumetsat.int/website/home/index.html
European Environment agency (EEA) https://www.eea.europa.eu/data-andmaps
USGS (Landsat) http://earthexplorer.usgs.gov/

NOAA http://www.ospo.noaa.gov/

NASA https://earthdata.nasa.gov/earthobservation-data
GEOSS https://earthobservations.org/

CEOS https://ceos.org/

However, it is important to notice that satellite observations usually have coarse resolution. In case
higher accuracy is needed, they should be complemented by ground measurements and other high-
resolution RS platforms such as drones. One of the main constraints of satellite images concerns
the shadows due to the size of the frame, which can hide certain elements of the image and thus
generate errors. This is particularly critical in dense environments such as cities. The drone
technology is a viable way to provide the missing information and overcome this problem, as it offers
the possibility to do 3D reconstruction and accurate geometric measurements. Indeed, while satellite
imagery enables large spatial coverage with sometimes a resolution too low for the smaller scales,
drone imagery will collect high accuracy data in a more restricted area with the possibility of capturing
different parameters depending on the drone equipment.

3.2.3 Modelling techniques

Data collected through the methods mentioned in previous sections are typically complemented by
data generated through modelling approaches. Modelling is a process of abstraction and
generalization aimed at developing adequate models (representations) of the real-world systems to
be examined (Grutzner, 1996).
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The models developed for data simulation purposes can be classified as simplified (hon-physics-
based) model and numerical models (although other categories and classifications exist). Simplified
conceptual models are a representation of physical processes and require significantly less
computer effort than the numerical models. They are particularly appropriate to simulate datasets for
large study areas and/or stochastic modelling for probabilistic based risk assessment (including
elements of randomness, e.g., probability distributions and generalized linear models) and multi-
scenario modelling on a bigger scale with availability of quality observational datasets. Numerical
models are mathematical equations that attempt to simulate a state variable by solving equations
developed by applying laws of physics and typically require solving them computationally. Therefore,
the numerical models are developed to represent and simulate detailed state variables (e.g.,
temperature, precipitation) dynamics. Depending on their spatial representation of the problems in
hand, the models use lumped (variables of interest are a function of time only) or spatially distributed
approach and can be dimensionally classified into one-dimensional (1D), two-dimensional (2D) and
multi-dimensional (nD) models in general.

Some of the Living Labs are planning to apply different numerical simulations to produce new
datasets. Table 4 provides information on these numerical simulations that the Living Labs are or
will be using within the I-CHANGE project.

Table 4: Living labs planned numerical simulations

LL Numerical simulations

Amsterdam WRF model simulations with BEPBEM scheme

Barcelona Not planned

Bologna Dispersion modelling simulations with CFD and
ADMS

Dublin

Genoa

Hasselt Activity-based simulations; need support for
emission results and air quality simulations

Jerusalem Not yet

Ouadagougou

Most of the Living Labs will be using different scenarios to raise awareness on the climate change.
Table 5 provides information on the scenarios that Living Labs are or will be using within the I-
CHANGE project.

Table 5: Living Labs planned climate scenarios

LL Scenario

Amsterdam

Climate scenarios

Barcelona

Not planned
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Bologna Cocreation of policy scenarios to be investigated
with activity-based models and dispersion models
with Municipality and stakeholders

Dublin Codesign with school children

Genoa Scenario projections; feedback from citizens

Hasselt Cocreation with stakeholders

Jerusalem Not yet

Ouadagougou Policy scenarios

3.2.4 Big data

Big data indicates data which are characterized by large variability, volume and variety, among other
aspects. Considering large amounts of data, observations big data seems to be an option to extract
knowledge from these data. Big data algorithms are able to detect outliers and rough errors hidden
within the data. Big data can be considered as an evolution of “data mining”, which refers to the
development of datasets which are very large and can be identified with statistical significance
(Sang, 2020). Data mining means searching for valuable information in a large database. Deploying
data mining methods requires a type of expertise which is increasingly in demand, but this expertise
is not domain specific. It can be deployed where scientific theory has no more intelligent solution to
offer (Sang, 2020). Despite the several pitfalls hidden into it, the use of big data could be key in the
perspective of achieving a more solid and wide-ranging evidence of climate-related facts. Within I-
CHANGE we will collect different types of information by mining the data acquired from social
networks.

3.2.5 Surveys and census

Surveys and census represent a method of collecting environmental, socio-demographic, and
economic data and statistics for different types of assessment. Valuable source of survey data are
administrative records, namely administrative data stored by the governments and other
organizations such as annual reports on the state of environment, etc. In contrast to observations,
surveys represent a research strategy to collect information in interaction with people (Ponto, 2015).
Survey data are collected by having participants (sample group or population) responding to
guantitative and/or qualitative questions. The responses of the sample group are statistically
analyzed and can be used as representative, under specified conditions, of a whole and for
comparison. Census data differ from (quantitative) survey data only in terms of completeness and
for temporal slices. Indeed, while survey data are based on a population sample, census data are
universal by considering every individual. It should, however, be noticed that the term survey is also
frequently used in the context of environmental monitoring, mainly to indicate data collection
methods which require sampling (e.g., removal of the soil) of the object of investigation.

3.2.6 Citizen science

Citizen science is a research focus that enables citizens and stakeholders to be actively engaged in
science data generation and monitoring programs. It refers to “the general public engagement in
scientific research activities when citizens actively contribute to science either with their intellectual
effort or surrounding knowledge or with their tools and resources” (Serrano Sanz, Holocher-Ertl,
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Kieslinger, Sanz Garcia, & Silva, 2014). The European Environment Agency defines three types of
citizen science activities based on the degree of citizen involvement:

1. contributory — meaning that citizens are involved in data collection.

2. collaborative — participants are involved in more than data collection such as in data analysis,

project design, and results dissemination.

3. co-created — where citizens are involved in basically every aspect of work.
Citizen science opens new possibilities for data collection and analysis, introduces different
perspectives and cooperation, but also offers various benefits for the community itself, such as public
engagement, awareness raising, and lifelong learning opportunities in science (Hecker et al., 2018).
In terms of data generation, citizen science can generate a range of different data types. This
approach is primarily used for environmental monitoring, but there are also examples of social and
economic applications.

As a part of the Dashboard development, a crowdsourcing application has been developed to fulfill
the needs of the project in various citizen science activities. The crowdsourcing application allows
the collection of a wide range of information which may or may not include spatial components. The
crowdsourcing application ensures that the data are safely stored and any unauthorized access or
usage is forbidden. Users can make their data publicly available and each user can define if his/her
personal information can be seen by other users.

So far, one crowdsourcing campaign has been successfully organized, even though the Dashboard
was not publicly released (Figure 4). This means that the dashboard was stable enough for some
time before the official public release. The campaign was organized in cooperation with the
Amsterdam Living Lab. Within the campaign more than 550 user contributions have been received
regarding their indoor temperature. It is expected to have more of such campaigns after a first public
release of the Dashboard on 31% October 2023 (M24).

Amsterdam indoor temperature

C| | ﬁ NGE / EDIT «< SHARE & PRINT & DELETE

Description

This survey aims at collecting information about indoor temperatures during heatwaves

- 3 Responses

+ ADD K@ MAP VIEW = LIST VIEW

Survey created 7 Jul 2023
7 Jul 2023 Survey started
Survey ends No time limit for adding
contributions

Published Status

Number of responses 579

Figure 4: Amsterdam heatwave crowdsourcing campaign
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3.2.7 Existing data repositories and providers

I-CHANGE

This section provides preliminary list of existing databases as a result of the research of WP7, that
could be used within the I-CHANGE project (Table 6)

Table 6: Preliminary list of existing databases

Database

Description

Link

Joint Research Centre
data catalogue

This catalogue contains a wide range of
datasets of all science areas of the JRC.

https://data.jrc.ec.europa.eu

INSPIRE Geoportal

The INSPIRE Geoportal offers datasets
provided by EU Member States and
EFTA countries.

https://inspire-
geoportal.ec.europa.eu

Eurostat

Eurostat supplies a broad range of
multidisciplinary statistics for policy
definition, implementation and analysis
on different scales. The data is provided
in NUTS classification for Europe.
Eurostat encompasses mainly socio-
economic data. Furthermore Eurostat
published statistics in alignment with the
targets of the Sustainable Development
Goals.

https://ec.europa.eu/eurosta
t/data/database

EEA Datasets

The EEA offers a great selection of
environmental data sets which ranges
from statistical to spatial data.

https://www.eea.europa.eu/
data-and-maps

ECMWF

ECMWEF supplies operational, real-time,
reanalysis and atmospheric datasets.

https://www.ecmwf.int/en/for
ecasts/datasets

Discover Map Service
(EEA)

The DiscoMap service of the EEA
provides climatological, hydrological,
geo-physical and biological data.

http://discomap.eea.europa.
eu/Index/

The risk data hub is an open access
platform for risk related geospatial data
in Europe. The data hub encompasses
current and future hazard and exposure
analysis as well as loss and damage
data of historical events. The data is
available on different scales based on
the NUTS classification in Europe.

https://drmkc.jrc.ec.europa.e
u/risk-data-hub

Risk Data Hub
(DRMKC)

Copernicus Open
Access Hub

The hub provides complete, free and
open access to Sentinel-1, Sentinel-2,
Sentinel-3, Sentinel-5P user products. In
addition, Sentinel data are also available
via the Copernicus Data and Information
Access Service (DIAS).

https://scihub.copernicus.eu
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http://discomap.eea.europa.eu/Index/
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ClimateAdapt

ClimateAdapt offers a list of statistical
and spatial indicators on climate change
adaptation. In addition, the database
includes other data types (videos,
publications, case studies and more).

https://climate-
adapt.eea.europa.eu/#t-

database

Climate Data Store

Climatological, = meteorological and

hydrological datasets.

https://cds.climate.copernicu
s.eu/#!/home

Urban
Landcover Data

Atlas -

Urban Atlas is providing pan-European
comparable land use and land cover
data for Large Urban Zones with more
than 100.000 inhabitants

https://data.europa.eu/euod
p/hu/data/dataset/data urba
n-atlas

CORINE Landcover

Landcover data for >=39 countries with
<10 m geometrical accuracy

https://land.copernicus.eu/p
an-european/corine-land-
cover

OPERANDUM
Geospatial
Information
Knowledge
(GeolKP)

Platform

The catalogue of existing NBS case
studies. Datasets and policies related to
different aspects of NBS lifecycle.

https://geoikp.operandum-
project.eu/

Chelsa climate data

CHELSA (Climatologies at high
resolution for the earth’s land surface
areas) is a very high resolution (30 arc
sec, ~1km) global downscaled climate
data set currently hosted by the Swiss
Federal Institute for Forest, Snow and
Landscape Research WSL.

https://chelsa-climate.org/

Local Climate Zones

(LCZ)

The LCZ map is based on the LCZ
typology (Stewart & Oke, 2012) that
distinguish urban surfaces accounting
for their typical combination of micro-
scale land-covers and associated
physical properties. The LCZ scheme is
distinguished from other land use / land
cover schemes by its focus on urban and
rural landscape types, which can be
described by any of the 17 classes in the
LCZ scheme.

https://icz-
generator.rub.de/submissio
ns

3.3 Acquisition regime

Acquisition regime refers to the temporal interval over which a certain variable (e.g., temperature) or
process is monitored. Typically, the timestamp assigned to a data point can refer to a discrete
observation or model time (which represents the sampling frequency) or the beginning or the end of
the observation or aggregation time interval. INSPIRE Directive (EC, 2007), acquisition regime can
be distinguished into:

¢ Continuous data acquisition (Data are generated on a continuous basis)

e Demand driven data (Data are generated on demand)
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o Once-off data (Data are generated only once in this configuration. No further observations in
this configuration can be expected)
o Periodic data collection (Data are generated at regular intervals)

3.4 Quality control

The EIH should serve as harmonization architecture to store, check the quality, and process the
large and different amounts of data collected within the project. However, EIH will do a minimum of
processing to prevent the loss of any information. The processing of the data should be done at
higher levels than the EIH. The Dashboard will serve as means to connect the citizens with the
products and devices of I-CHANGE. In that sense, quality checked data should be differentiated
from datasets that are not checked or do not satisfy quality control rules.

The DMP should define basic requirements that collected data or observations should fulfill to mark
them appropriate for -CHANGE EIH.

Initial quality control rules are determined by ISO and OGC standards. The provided files and
services should ideally contain valid data. For geospatial data these rules are:

¢ No self-intersections

¢ No corrupted geometries (e.g. donut without a hole, multipart geometry without parts, etc.)

¢ No null geometries

¢ No duplicate consecutive points

¢ No duplicate values in the dataset

¢ Files should be readable and services should be accessible
If the data quality rules are not fulfilled, the data should be flagged, i.e. marked in a different manner
(by assigning different status) than correct datasets. Flagged data will then be checked and the
problem will be identified. If the data can be corrected, this will be noted as part of the metadata and
the data will pass the quality control. If the data cannot be fully recovered, it will be flagged as corrupt
and can ultimately be disposed of.

Quiality control will be managed by ECMWF within tasks 4.2.1 and 4.2.2. in coordination with other
partners. WP7 oversees managing the overall quality control of the project. Therefore, quality control
of data will be done in coordination with WP7 to ensure the fulfilment of I-CHANGE goals. These
tasks are contributing directly to the I-CHANGE specific objective 3 — Improvement of data
availability, interoperability and usability at a broad scale.
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4 Data security and ethical aspects

All personal data collected and processed during the data lifecycle should conform with the EU
General Data Protection Regulation (GDPR). Other experimental data as well as models and
simulations are managed by partners individually and stored safely on-premises.

4.1 Intellectual property rights

The outputs generated by I-CHANGE have the potential for further use both for research and for
commercial exploitation. For this reason, the implementation of different management plans and
their dynamic innovation through the project aims at maximizing the benefits and impacts for all
partners involved.

Regarding the generation of the Intellectual Property (IP) during the project’s lifetime, Intellectual
Property Rights (IPR) will come into effect. Rules on IPR are covered in the Consortium Agreement
and include the following main principles: Each partner will, obviously, own its existing knowledge
and IP (background), and other partners will get access to this Background whenever needed for
the performance of their tasks in the project of for the use of Foreground generated; When
Foreground is generated jointly (i.e. where the separate parts of some results cannot be attributed
to different participants), it will be jointly owned; The participant research organizations will use newly
gained Foreground knowledge as input to further research, for scientific publications and for
advanced teaching purposes. These principles should be aligned with open data principles listed in
Grant Agreement. Also, confidentiality rules will be taken into account; Partners will treat all
knowledge with confidentiality and will agree in the Consortium Agreement on penalties for possible
breaches on this agreement; partners will have the right to publicize and use knowledge within the
following constraint: where developments have commercial exploitation potential and one of the
partners intends to file a patent request, research publications will be delayed (up to a maximum of
6 months) to allow patent coverage.

The IPR rules are updated within the -CHANGE Business Plan (D6.1) and IPR for newly generated
project content should be agreed on by the project executive board and reviewed in regular intervals.

4.2 Preservation and sharing

The EIH data will be stored on secured repositories located in the EU but they could be associated
to original data stored on other locations. Raw data will be deleted from the servers after the
completion of the project, unless the EU and the project consortium agree that there is benefit from
preserving the data for future analysis. Matters of privacy and ethics in data collection will be
managed according to the Ethical guide (D1.7) of I-CHANGE (Hakkarainen, Abernethy, Artell, &
Soini, 2022), in compliance with the EU regulations and under the coordination of the Methodological
and Ethical Board. Safeguarding privacy, ethics and legality is ensured by making privacy and ethics
key topics of the protocols for data collection, storage.

Since the beginning of the project, certain issues with data privacy were encountered especially in
the Task 4.2 (ECMWEF). Project partners were unsure if certain datasets can be published in the
Dashboard using the Broker API. Most of the platforms that are storing observations in the cloud
have ensured that data privacy is protected and users are in a full control of their data. At any time,
user can define if their data can be accessed by others. Also, personal information about users are
usually private and not accessible by others. Therefore, it has been agreed that any privacy issues

33



D7.3 — Data Management Plan (First update) I-CHANGE

must be resolved before publishing them in the Dashboard. If the data is being handled by a third
party, then the third party is responsible for managing the data privacy issues.

The I-CHANGE project is collecting a wide range of sensor observations as it was presented in the
previous sections. As mentioned in the previous paragraph, the published data are not exposing any
private data. The sensor observations have to be anonymized before publishing them via the Broker
API. Currently, the Broker APl exposes only MeteoTracker data which are collected in full conformity
with the European Union privacy policy legislation. Users collecting the data with MeteoTracker
sensors are requested to accept Terms and Conditions before collecting any data. The Terms and
Conditions are strictly in adherence with the EU privacy legislation. Each user has the choice, to
keep the data private (not visible/accessible to other users).
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5 Implementing the plan

This section discusses the possible solutions which could be used for implementing the DMP. Also,
the storage and organization of the data is also explained. Since the beginning of the project all
partners have been collecting or producing different types of data. These datasets have been partly
published within the I-CHANGE Dashboard. More datasets are expected to be published in the
Dashboard towards the end of the project. This will require a uniform methodology to describe these
datasets with metadata. Even though there is little progress in that direction yet, an advanced data
management platform should be integrated with the Dashboard to enable seamless flow from
uploading the data to publishing and disseminating. The possible solutions are listed in the following
sections.

5.1 Possible solutions for the implementation

The data management plan can be implemented using different solutions such as:
e CKAN,
e GeoNode or
e Zenodo.

Besides the listed existing solutions which have their own set of pros and cons, a custom web
application could be developed specifically for the needs of -CHANGE project. This is quite complex
task but overall it allows easier integration with other components and modules of the EIH.

The decision on the implementation of DMP will be made at later stages of the project, during the
design and implementation of the EIH.

5.1.1 CKAN

CKAN is a data management system that provides a platform for cataloging, storing and accessing
datasets with a rich front-end, full API (for both data and catalog), visualization tools and other
features.

CKAN is a written in programming language python and allows creation of custom extensions which
can upgrade its basic functionalities. CKAN provides a basic set of metadata elements which can be
assigned to certain dataset. However, this list can be also upgraded to make it more suitable for a
specific application. Another benefit of CKAN is its API which allows management of the data in a
computer readable format.

Even though it supports different types of data, it has a poor support for large files (> 200MB) and
its native visualization options are quite poor.
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7, CKAN Admin & Admin & New users @) @ Dashboard @) % Settings @ Log out

'@ OPERANDUM Datasets  Organizations  Groups About Login  Register

=

\

Search for: Flood risk factors, meterological surveys, etc.

2.3k

datasets

23

organizations

25

groups

About the Operandum project

OPERANDUM delivers the tools and methodologies as well as validated NBS to enhance resilience in European rural and
natural territories through the reduction of hydro-meteorological risks while providing innovation and strategic plan for
their up-scaling and replication.

Figure 5: CKAN interface (https://data-catalogue.operandum-project.eu/)

5.1.2 GeoNode

GeoNode is a web-based application and platform for developing geospatial information systems
(GIS) and for deploying spatial data infrastructures (SDI). Data management tools built into GeoNode
allow for integrated creation of data, metadata, and map visualization. Each dataset in the system
can be shared publicly or restricted to allow access to only specific users. Social features like user
profiles and commenting and rating systems allow for the development of communities around each
platform to facilitate the use, management, and quality control of the data the GeoNode instance
contains. It is also designed to be a flexible platform that software developers can extend, modify or
integrate against to meet requirements in their own applications.
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Figure 6: GeoNode interface

5.1.3 Zenodo

Zenodo is a general-purpose open-access repository developed under the European OpenAlRE
program and operated by CERN. For each submission, a persistent digital object identifier (DOI) is
minted, which makes the stored items easily citable. Zenodo is a web application publicly available
and cannot be installed on a private server. This means that metadata schema is fixed and cannot
be customized. This could be limitation for some application, especially for handling geospatial data.
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Need help uploading? Contact us

Coronavirus Disease Research Community - COVID-19 Browse

This community collects research outputs that may be relevant to the Coronavirus Disease (COVID-19) or the SARS-CoV-2
Scientists are encouraged to upload their outcome in this collection to facilitate sharing and discovery of information
Although Open Access articles and datasets are.

Curated by: Covid19_Team_OpenAIRE

Recent uploads Need help?
View Gontact us

BIP4COVID19: Impact metrics and indicators for coronavirus related publications
Zenodo prioritizes all requested related to the

Thanasis Vergoulis; (® llias Kanellos; (& Serafeim Chatzopoulos; (® Danae Pla Karidi; (®» Theodore Dalamagas COVID-19 outbreak.

This dataset contains impact metrics and indicators for a set of publications that are related to the COVID-19 infectious We can help with
disease and the coronavirus that causes it. It is based on: The CORD-19 dataset released by the team of Semantic Scholar1
and The curated data provided by the LitCovid hub2..

Uploading your research data, software,
preprints, etc.

One-on-one with Zenodo supperters.
Quota increases beyond our default policy.
Scripts for automated uploading of larger

Uploaded on April 4, 2022
94 more version(s) exist for this record

datasets.
o3, 2022 110 Ve
A large-scale COVID-19 Twitter chatter dataset for open scientific research - an
international collaboration
Banda, Juan M,; ® Tekumalla, Ramya; Wang, Guanyu; Yu, Jingyuan; Liu, Tuo; Ding, Yuning; Artemova, Katya; Tutubalina, Why use Zenodo?

Elena; @ Chowell, Gerardo

Safe — your research is stored safely for the
future in CERN'’s Data Centre for as long as
CERN exists
Trusted — built and operated by CERN and
OpenAIRE to ensure that everyone can join in
Uploaded on April 3, 2022 Open Science.
Citeable — every upload is assigned a Digital
Object Identifier (DOI), to make them citable
and trackable
m . No waiting time — Uploads are made

. == View available online as soon as you hit publish,
Trixi,jl and your DOl is registered within seconds
Open or closed — Share e.g. anonymized
clinical trial data with only medical
Adaptive high-order numerical simulations of hyperbolic PDEs in Julia professionals via our restricted access mode.
Versioning — Easily update your dataset with
our versioning feature.
GitHub integration — Easily preserve your
GitHub repository in Zenodo.
Usage statistics — All uploads display

Version 108 of the dataset. The peer-reviewed publication for this dataset has now been published in Epidemiologia
an MDPI journal, and can be accessed here: https://doi.org/10.3390/epidemiologia2030024. Please cite this when using
the dataset. Due to the relevance of the COVID-19 global...

108 more version(s) exist for this record

Schlottke-Lakemper, Michael, ) Gassner, Gregor J.; @ Ranocha, Hendrik; @ Winters, Andrew R.; @ Chan, Jesse

Uploaded on April 3, 2022
99 more version(s) exist for this record

Figure 7: Zenodo interface

5.2 Storage and organization

Datasets and observations managed by the EIH should be described with a set of metadata. Also,
datasets stored outside of the EIH might be described with metadata and a link can be provided.
Based on the previous theoretical background, here we give which metadata elements should be
collected. Also, domain of values is provided for metadata elements that have code list type of value.
An initial list of metadata elements is provided in Table 7.

Table 7: Metadata elements for describing EIH data and observations

Metadata Value type Description
element
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Identifier String (50 char)

DOl String (50 char)

Title String (200 char)
Description Text

Keywords String (200 char)
Visibility CL_VisibilityType

Type CL_BasicType

Collection CL_CollectionMethodType
method

Contributor

Reference

User adding the data to the EIH

Contributor
role

CL_ContributorRoleType

Contributor
email

email

Should be populated automatically from user’s
information

(source)

Original author

String (200 char)

An organization/individual where the data is
originally stored/published

Original

URL

author/source

URL

License

CL_LicenseType

Coordinate
system

CL_CoordinateSystemType

Should be populated automatically for
geospatial datasets. Otherwise, user can enter
it manually

Spatial extent

Geometry

Should be populated automatically for
geospatial datasets. Otherwise, user can
define it by drawing

Data format

CL_DataFormatType

Should be extracted automatically, where

possible

Observation specific

metadata elements

Measured
variables

CL_MeasuredVariableType

the results

Specification of

JSON

The description of the structure of observation
data. If it is not a structured format (XML,
JSON), but rather CSV or similar format. This
is to describe what is contained in the file

Output format

CL_DataFormatType
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Compliance to
OGC standards

CL_StandardComplianceTyp
e

Should be populated if the observations are
being collected/published according to a

specific standard

Different types of visibility of data is required to ensure storing and cataloguing the data in different
stages of the project. For instance, some experimental data might not be suitable for sharing with
anyone. Therefore, it is required to restrict access to such data. Initially, we have defined three levels
of visibility (Table 8). Additionally, another level could be introduced which would make data visible
only to the user who uploaded the data. However, since this is a collaborative project we don'’t find

this option needed.

Table 8: Code list CL_VisibilityType

Visibility type

Description

Private

Dataset visible by the user and its organization

I-CHANGE partners

Dataset visible within organizations that are part of I-CHANGE

Public

Dataset visible by anyone

Basic classification of data is done by the existence of the spatial component. Spatial data will usually
require more complex workflows and procedures for management. Table 9 shows this classification.

Table 9: Code list CL_BasicType

Type Description

Spatial Any type of spatial data (raster or vector)

Non-spatial Dataset that doesn’t contain explicitly spatial component
(surveys, reports, legislation documents, etc.)

Table 10 presents recognized methods for collecting or generating the data. The list is quite not
detailed but could be extended in the future if needed.

Table 10: CL_CollectionMethodType

Method

Description

Observation

Remote Sensing/Earth
Observation

Big Data

Citizen science

Survey/census

Citizen science
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Data could be added by different types of users. Table 11 shows a list of possible roles that user
uploading the data could have. We used a code list defined by INSPIRE directive which is publicly
available at https://inspire.ec.europa.eu/metadata-codelist/ResponsiblePartyRole:1.

Table 11: Code list CL_ContributorRoleType

Role Description

Author

Distributor

Originator

Owner

Point of Contact

Principal Investigator

Processor

Publisher

Resource Provider

User

The list of policies is taken from the Software Package Data Exchange (SPDX) Specification. This
is an open standard for communicating software bill of material information, including components,
licenses, copyrights and security references. The SPDX specification is an international open
standard (ISO/IEC 5962:2021. Table 12 shows only some items listed in the SPDX Specification
since the full list contains several hundreds of records. The full list can be found at
https://spdx.org/licenses/. The SPDX specification defines for each license an unigue URL which
allows unambiguous referencing to licenses.

Table 12: Code list CL_LicenseType?

License Description

BSD Zero Clause License

Academic Free License v3.0

Apache License 2.0

BSD 4-Clause “Original” or
“Old” License

Creative Commons Attribution
Non-Commercial Share Alike

2 https://spdx.dev/
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4.0 International

Common Public License 1.0

European Union Public License
1.2

GNU Free Documentation
License v1.3 or later

JSON License

GNU Lesser General Public
License v3.0 or later

MIT License

Open Public License v1.0

The list of coordinate systems and coordinate projections can be found at https://epsg.org/, the
official EPSG (European Petroleum Survey Group) database maintained by IOGP (International
Association of Oil & Gas Producers) Geomatics Committee. For each coordinate system, a unique
code is assigned. Information can be retrieved in several ways, by browsing the data, downloading
the data or by using the API to retrieve latest official data. The list of several coordinate systems that
will be used within I-CHANGE is listed in Table 13. Another source of information about coordinate
systems and projections can be found at https://epsg.io/, an open-source web service with a
database of coordinate systems used in maps worldwide.

Table 13: Code list CL_CoordinateSystemType

EPSG code Description

EPSG:3035 This projected coordinate system (Lambert azimuthal equal-
area projection) is used within Europe for statistical reporting
and other purposes where true area representation is required.

EPSG:3857 This is projected coordinate system used for rendering maps in
Google Maps, OpenStreetMap, etc.

EPSG:4326 The World Geodetic System 1984 (WGS84) is used by Global
Positioning System (GPS) and a number of other applications.

The EIH will support wide range of data formats and web services as an input and output layers.
Considering wide range of possible data formats, an initial effort will be in the direction of data
formats/services supported by open-source community. As an initial reference for supported in the
EIH we will use data formats supported by GDAL and OGR. Table 14 contains partial list of supported
data formats

Table 14: Code list CL_DataFormatType

Data format Description
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Csv Comma Separated Value

Ccsw OGC CSW (Catalogue Service for the Web)
DGN Microstation DGN

DWG Autodesk DWG

ECW Enhanced Compressed Wavelets
GeoJSON GeoJSON

GML Geography Markup Language

GPKG GeoPackage

GPX

Gtiff GeoTIFF File Format

JP2ECW ERDAS JPEG2000

KML

MongoDBv3

MSSQLSpatial Microsoft SQL Server Spatial Database
MySQL

netCDF

OGCAPI OGC API Tiles / Maps /Coverage
OAPIF OGC API — Features

OSM OpensStreetMap XML and PBF
PostgreSQL PostgreSQL / PostGIS

ESRI Shapefile ESRI Shapefile / DBF

WES OGC Web Feature Service

WMS OGC Web Map Service

WMTS OGC Web Map Tile Service
XLS/XLSX MS Excel format / MS Office Open XML spreadsheet

Considering wide range of observation sensors and methods, a large number of measured variables
exist. As a starting point to organize and compile a list of measured variables that could be monitored
we have taken the list of essential variables from NASA's Earth data portal
(https://earthdata.nasa.gov/learn/backgrounders/essential-variables). Figure 8 shows how these
variables are organized based on the location of the sensor.
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Figure 8: Essential variables illustration

Essential Climate Variable (ECV) is a physical, chemical or biological variable or a group of linked
variables that critically contributes to the characterization of Earth’ s climate. Global Climate
Observing System (GCOS) currently specifies 54 ECVs. Table 15 shows a partial list of ECVs.
Complete list can be found at https://gcos.wmo.int/en/essential-climate-variables/table.

ECV datasets provide the empirical evidence needed to understand and predict the evolution of
climate, to guide mitigation and adaptation measures, to assess risks and enable attribution of
climate events to underlying causes, and to underpin climate services.

Table 15: Code list CL_MeasuredVariableType (partial list)

Variable Description

Surface - Precipitation

Surface - Pressure

Surface - Radiation budget

Surface - Temperature

Surface - Water vapour

Surface - Wind speed and direction

Upper-air - Earth radiation budget
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Upper-air - Lightning

Upper-air - Temperature

Upper-air - Water vapour

Upper-air - Wind speed and direction

Atmospheric Composition — Aerosols

Atmospheric Composition — Carbon
dioxide, methane and other
greenhouse gases

Atmospheric Composition — Clouds

Atmospheric Composition — Ozone

Atmospheric Composition -
Precursors for aerosols and ozone

Data can be compliant to one or more international standards. This is especially important for
geospatial data and observations where international standards could enhance interoperability. Also,
international standards related to observations define different aspects and models for modelling
and managing observations. Table 16 shows an initial list of standards related to geospatial data

and observations.

Table 16: Code list CL_StandardComplianceType

Standard Description

ISO 19107 Spatial schema

ISO 19115 Metadata

ISO 19119 Services

ISO 19125 Simple Features Access

ISO 19128 Web Map Service

ISO 19129 Imagery, gridded and coverage data framework
ISO 19136 Geography Markup Language

ISO 19139 Metadata XML schema implementation
ISO 19142 Web Feature Service

ISO 19156 Observations & Measurements

OGC API - DGGS

Discrete global grid systems

OGC API - Coverages

OGC API -EDR

Environmental Data Rtrieval

45



D7.3 — Data Management Plan (First update)

I-CHANGE

OGC API — Features

OGC API = Joins

OGC API — Maps

OGC API - Moving
features

OGC API — Processes

OGC API - Records

OGC API - Routes

OGC API - Styles

OGC API —Tiles

OGC CAT

Catalogue service

OGC CSW

Catalogue Service for Web

OGC SensorML

Sensor Model Language

OGC SOS Sensor Observation Service
OGC SPS Sensor Planning Service
OGC STA SensorThings API

OGC WCs Web Coverage Service
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6 Conclusions

This deliverable presented theoretical background related to the FAIR data principle as overall aim
of the DMP is to enable the FAIRness of the data. Therefore, this deliverable defined an initial
classification of the data and a set of metadata elements. The final classification and metadata
elements will be given towards the end of the project. This deliverable also presents options for the
I-CHANGE Consortium for the technical implementation of the DMP. The solution for the
implementation of the DMP has not yet been selected since the previous period has been used for
collecting different types of datasets. As soon as the larger number of datasets will be collected and
user requirements will be more precisely defined a solution will be proposed.

This deliverable pays special attention to spatial data since spatial data are usually more complex
than non-spatial data and often hidden from the mainstream web, in terms of accessibility and
availability. FAIR data principles play an important role in this aspect. Also, modelling and
disseminating observations in a structured way is beneficial since the data can be understood in an
easier manner since the underlying data model is precisely defined.

This update has introduced more details on the datasets collected and produced within last 24
months, i.e. since the beginning of the -CHANGE project. Many of the explained datasets have been
already used and published in the Dashboard. The datasets which have been collected so far are
mainly the datasets from existing repositories and sensor observations collected within the I-
CHANGE project.

Future updates of this deliverable will follow the needs and outcomes of activities within -CHANGE
project.
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AJAX Asynchronous JavaScript and XML

API Application Programming Interface

CEOS Committee on Earth Observation Satellite

CsSw Catalogue Service for Web

ECMWF European Centre for Medium-Range Weather Forecasts
ECV Essential Climate Variable

EO Earth Observation

EPSG European Petroleum Survey Group

FAIR Findable, Accessible, Interoperable, and Reusable
FTP File Transfer Protocol

GCOs Global Climate Observing System

GDAL Geospatial Data Abstraction Library

GEOSS Global Earth Observation System of Systems

GML Geography Markup Language

GUI Graphical User Interface

HTML Hypertext Markup Language

INSPIRE Infrastructure for Spatial Information in the European Community
IOGP International Association of Oil & Gas Producers

IP Intellectual Property

IPR Intellectual Property Rights

ISO International Organization for Standardization

JSON JavaScript Object Notation

LiDAR Light Detection And Ranging

OGC Open Geospatial Consortium

OGR OpenGIS Simple Features Reference Implementation
OWS OGC Web Service

REST Representational State Transfer

RS Remote Sensing
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SAR Synthetic Aperture Radar

SDI Spatial Data Infrastructure
SOAP Simple Object Access Protocol
SOS Sensor Observation Service
SPS Sensor Planning Service

STA SensorThings API

WCS Web Coverage Service

WES Web Feature Service

WMS Web Map Service

WPS Web Processing Service
WSDL Web Services Description Language
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