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Short description of the deliverable

Deliverable D1.3 — Citizen-Generated Soil Data Quality assessment framework constitutes an integral
component of the work conducted within WP1 - Enabling high-impact citizen science for soil
monitoring. This deliverable addresses the need of selecting methodologies suitable for utilization
within the ECHO project for its citizen science initiatives. The framework will be applied to the projects
listed in the matrix created in T1.1 and, together with deliverable D1.2 - Assessment framework for
Citizen Science Methods, will enable the evaluation of soil monitoring methods and ensure the quality
of the collected data.
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Foreword

Soil is a vital, yet often disregarded, resource that supports life on Earth by providing the
foundation for agriculture, forests, and various other natural ecosystems. However, soil
degradation is a growing concern around the world, and it can have severe consequences for
our planet like reduced crop vyields, increased greenhouse gas emissions, and decreased
biodiversity. The ECHO project aims to prevent this by bringing together citizens and volunteer
scientists from around Europe to work towards a common goal of protecting and preserving
our soils, thus contributing to the transition towards healthy soils of the EU Mission: “A Soil
Deal for Europe”.

ECHO will generate new data on the health status of EU soils, complementing existing soil
mapping and monitoring in EU Member States and Scotland, including the EU Soil Observatory
(EUSO). The project will develop and deploy 28 tailor-made citizen science initiatives across
EU Member States and Scotland, taking into account different land-uses, soil types, and
biogeographical regions, as well as stakeholder needs. With 16 participants from all over
Europe, including 10 leading universities and research centres, 4 SMEs, and 2 Foundations,
under the coordination of the Free University of Bolzano-Bozen, ECHO will assess 16,500 sites
in different climate and biogeographic regions to achieve its ambitious goals.

The project aims to engage citizens in protecting and restoring soils by building their capacities
and enhancing their knowledge. Citizens will thereby not only actively contribute to the
project’s data collection but also promote soil stewardship and foster behavioural change
across the EU. The ECHOREPO, a long-term open access repository with a direct link to the
EUSO, will make the citizen science data available for exploitation not only by scientists but
also by citizens, policy makers, farmers, landowners and other end-users, providing added
value to existing data and other relevant soil monitoring initiatives. ECHOREPO will thus
provide valuable information about the state of soil health in various regions, and help citizens
make informed decisions about land use and conservation.

We believe that the ECHO project will have a significant impact on soil health and citizen
engagement across Europe and become an important step towards protecting and preserving
our soil for future generations. By working together, we can ensure that our soil remains
healthy and productive, and that we continue to enjoy the many benefits it provides.
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1. Purpose of the assessment framework

One of the main aims of WP1 is identifying citizen science (CS) initiatives focused on soil
monitoring, gathering and analyzing pertinent details for ECHO, including methodology,
technology employed, scientific data, and engagement strategies. As a result, a review of the
State of the Art on CS initiatives for monitoring soil health (soil biodiversity and pollution) in
the form of a matrix (lbercivis Foundation, 2023), during Task 1.1 has been carried out. In this
context, the FCiéncias.ID - Associacdo para a Investigacdo e Desenvolvimento de Ciéncias and
the Faculdade de Ciéncias da Universidade de Lisboa (Portugal) have conducted two
assessment frameworks: the “Assessment framework for CS methods for soil monitoring” in
Task 1.2, and “Citizen-generated Soil Data Quality Assessment Framework” here in Task 1.3 to
evaluate the quality of soil data produced through the methodologies utilized in these
projects, which will be included in ECHO's activities.

A Citizen-Generated Soil Data (CGD) quality assessment framework serves as a systematic
approach to evaluate and ensure the reliability, accuracy, and usability of soil data. It involves
a set of criteria, methods, and procedures designed to assess various aspects of soil data.
Although there are some different definitions (Haklay et al., 2021), CS can be understood as a
methodology in which professional scientists engage with non-professional scientists to
accomplish scientific research. Due to the wide variability in skills and expertise among
contributors, issues of data quality often come to the forefront when considering the validity
of CS research (Baldzs et al., 2021). Data quality refers to the fitness of data for an intended
purpose, and establishing data quality typically involves a multifaceted evaluation of states
such as relevance, accuracy, accessibility, coherence, interpretability, comparability, and
adaptation to local characteristics.

Providing information about data quality improves opportunities for data reuse by increasing
the trustworthiness of the data. Moreover, it helps potential data users to determine whether
and how data can be used, facilitating the analysis and interpretation of such data. However,
assessing CGD quality can be extremely difficult due to the participation of heterogeneous
observers, the variety of methods used and a lack of information about such methods. Data
bias, errors, uncertainty, and ethical issues pose challenges that should be assessed regularly
as part of the CS research projects. Considering data quality during the project's earliest stages
can greatly improve planning and enable the research team to identify issues that might have
a subsequent impact on data quality (Wiggins et al., 2011). Information regarding CGD quality
should be gathered, stored, and disseminated together with the data to ensure high-quality
stewardship.

The challenge of assessing CGD quality is more acute when considering data reuse and
alignment with FAIR principles. Building on sound, existing quality assessment frameworks,
we propose a list of criteria suitable for CS data that capture both data production quality
and usability. Each quality criterion included in the framework is assigned with a score,
offering flexibility in rating options to the quality criteria listed and establishing a minimum
quality level or threshold for data acceptance.



2. Description of the assessment framework

This deliverable defines the quality assessment framework to leverage the power of CGD,
encompassing the following elements: i) a list of quality criteria suitable to evaluate the quality
of CGD; ii) a score iii) a minimum quality level or threshold —a number that sets the minimum
quality level at which CGD would be acceptable.

The quality assessment framework includes seven dimensions:

1. Relevance: degree to which CGD can be used to assess specific soil indicators

2. Accuracy: measurements precision

3. Accessibility: ease with which CGD are presented, released, and made available
to users

4, Coherence: comparability over time and across geographical units

5. Interpretability: simplicity with which data can be interpreted

6. Compatibility of data with the EU Soil Observatory (EUSO) and other existing
soil monitoring systems like Land Use and Coverage Area frame Survey (LUCAS),
including data formats and classification

7. Adaptation to the biogeographical region and soil types: degree to which the
method could be replicated to further biogeographical regions and soil types,
besides the ones in which it has been implemented.

3. How to use the framework

For each criterion, a set of questions is identified. The scoring system has been designed as a
dichotomous path where you can choose one of two answers to each question. One answer
allows you to proceed to the next question, where the dichotomy is repeated, until the final
answerisreached. The other answer leads to a score or to another question with two possible
scores.

The lowest score indicates significant flaws, so serious that even one of them is sufficient to
justify the rejection of the methodology. Typically, these situations are also the least likely to
occur.



4. Scoring

For each criterion, a scoring scale is established to evaluate its potential and robustness for
adoption in this or further research projects. A series of questions takes considers different
aspects (sub-criteria) of each criterion, which are scored using the scale in Figure 1.

U Approved

Suboptimal, easily and quickly solvable

(<

o o Suboptimal, not easily solvable or at
least requiring some time and effort

o 0. Suboptimal, not solvable but usable
" acknowledging the limitations

“ Rejected

Fig. 1. Possible scores for each sub-criterion considered in the evaluation of CGD.

The establishment of such a scoring scale not only facilitates the systematic evaluation of sub-
criteria but also enhances transparency and consistency in the assessment process. By
guantifying the potential and robustness of each criterion, researchers can make informed
decisions regarding their suitability for integration into the project. Moreover, this approach
provides valuable insights into strengths and areas for improvement, thereby guiding future
research directions and methodological refinements.

Thresholds (Fig.2) are established based on a comprehensive evaluation of the criteria to
determine whether a particular methodology meets the requirements for integration into
ECHO's activities.
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O = “ or with more than 80% of (** and/or Q overall in all criteria

Fig. 2. Thresholds for the suitability of methodologies for integration into ECHO's activities.

Where the circles indicate the possible final scores for the methods (Fig. 3)

o Approved

Require further analysis

o Rejected

Fig. 3. Final scores for the methodologies to be used in ECHO's activities.

Therefore, beyond mere approval or rejection, a method may require additional analysis and
discussion among the partners involved in T2.1 “Selection of citizen science methods for
monitoring soils”, allowing a certain degree of flexibility to optimize the selection of soil citizen
science methodologies.



5. Dimensions of the assessment framework
5.1. Relevance

This dimension captures the usability of the data to serve a specific purpose sought by the
data users, which in this case is to assess specific soil indicators. As implied by various quality
assessment frameworks (Balazs et al., 2021), measuring relevance requires the identification
of data user groups and their needs. To identify the potential use of CGD on soil indicators, it
is essential to identify the data needs of government entities, civil society, academia, the
private sector, and citizens (Fig. 4).

1) Does the data collection align with the @ Can the data collection be “
objectives of the project’s methodologies? adapted to ECHO’s objectives? —
\ 4
2) Are data timeliness and frequency in line with Are data timeliness and “
what is requested by the objectives? frequency suitable for or
adaptable to ECHO? (00
4
3) Do the measured parameters include i) soil
structure; ii) soil organic carbon; iii) soil )
biodiversity; iv) vegetation cover; v) soil @ Can we add the missing v
nutrients; vi) presence of pollutants, excess parameters in the protocols?
nutrients and salts; vii) landscape R
heterogeneity; and viii) forest cover? -
5) Are the parameters assessed using the LUCAS . 0
(https://esdac.jrc.ec.europa.eu/projects/lucas) Are the methods used still rigorous
or equivalent analytical protocols? and scientifically sound? (N ]
-

ECHO approved! “

Fig. 4. Assessment flowchart for the evaluation of the dimension “Relevance”.
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5.2. Accuracy

Two crucial, task-independent measures of data quality—accuracy and bias—often prompt
scepticism among scientists, making them critical in evaluating the potential of CGD in science.
Accuracy refers to how closely a measurement matches its true or expected value. Higher
precision and reproducibility of results do not necessarily indicate higher accuracy but can
contribute to it. Accuracy can be assessed by comparing reference values to actual values.
Bias represents systematic errors in a dataset that consistently skew the data in a particular
direction. High-quality metrics for data quality involve comparing CGD with professionally
produced data and distinguishing between variability attributable to different observers and
variability attributable to observer experience.

Evidence indicates that volunteers can produce high-quality data, especially in simpler tasks
and when volunteers are experienced. Techniques to enhance data accuracy and address bias
include iterative project development, volunteer training and testing, expert validation,
replication across volunteers, and statistical modelling of errors. Therefore, each CS dataset
should be evaluated individually based on its project design and application to determine its
quality and reliability (Swanson et al., 2016) (Fig. 5)

1) Are the project goals well defined and
easily understandable by the volunteers?

Can that compromise the
feasibility of data collection?

é

Can the difficulty of the tasks
affect the quality of the
collected data?

2) Are tasks simple and easy to
understand and perform?

0=z

é

3) Are instructions, training, pre-tests,
volunteer assessment, expert validation,
replication, and application of statistical
tools provided and appropriate to support
the volunteers in data collection?

Can we provide or modify
them to make it
appropriate?

é

4) Are there quality assurance measures like data
checks, validation by experts or volunteers, and
standardized testing or calibration methods in
place to address potential errors or biased data?

0=

Are the data still of good
quality or can we provide
these measures?

-
-

ﬁ

$ 3§ 8§ 33

Can we modify them to
make them clear and
straightforward?

5) Are indications and processes of data
collection clear and straightforward?

ECHO approved! u

Fig. 5. Assessment flowchart for the evaluation of the dimension “Accuracy”.
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5.3. Accessibility

Accessibility refers to the ease of obtaining data. Measuring this dimension might include
evaluating dissemination formats, metadata availability and user support services. It's
important to note that not all CGD might be publicly and readily available. The use of CGD
should convene dialogues and data-sharing sessions with CGD providers who are willing to
share their data, to properly assess the accessibility of the data, while also respecting privacy
terms of CGD producers (Fig. 6).

1) Are data freely accessible

Can the project coordinator grant
and easy to consult?

us access to the data?

0
N

é

Can we apply FAIR principles
to dataset collected

2) Do project data follow FAIR (Findable,
Accessible, Interoperable and Re-usable)

i ci 2 ' following this method? L]
principles? e/
3) Is the data format user-friendly and Can we use user-friendly, “
compatible with commonly used software compatible data formats for the
and tools? dataset deriving from this method? e
N
4) Does the project provide comprehensive c dd thi 00
metadata and documentation, including details d an we adc t :’ q w
on data collection methods, variables, units of ocurlrllenFatlon int ei ?ata -
measurement, and potential limitations? collection protocols: e
5) Does the project provide support for users like Can we provide this assistance \.ﬂ./
forums, help centres, or dedicated support channels for data collection and
(email address) where questions can be answered? collected data? 0

é

ECHO approved! “

Fig. 6. Assessment flowchart for the evaluation of the dimension “Accessibility”.
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5.4. Coherence

Coherence reflects the degree to which data are logically consistent and can be combined with
information from different sources or time periods. It can have four subdivisions: within a
dataset, across datasets, over time and across different geographical units (such as
municipalities, states, countries, etc). Assessing the scientific coherence of CGD is a
multifaceted process that requires a combination of structured frameworks, clear
communication, community engagement, and ongoing monitoring. It is essential to find a
balance between empowering citizen scientists and maintaining data quality and coherence
(Fig. 7).

1) Are timescales and geographic extents of the

Can we adapt them to the ECHO
data commensurate with project objectives?

objectives?

|

2) Are guidelines about type of data required,
format and specific instructions provided?

Can we produce them?

!

3) Did the project develop workshops, tutorials,
documentation, or online resources to train
participants on data collection?

Can we offer this training?

C@ CE@ ¢

é

Can we identify and correct the
causes of the lack of consistency?

4) Are data consistent across different
contributors?

é

5) Are information about the data collection
process available to help in understanding
the context and potential biases?

Can we obtain them from the
project coordinator/participants?

é

48 38 3 33

Can we ensure that in ECHO data
collection process will adhere to
ethical standards?

5) Does data collection process adhere to
ethical standards?

ECHO approved! 0

Fig. 7. Assessment flowchart for the evaluation of the dimension “Coherence”.

CGEE

(]
N
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5.5. Interpretability

Interpretability indicates the ease with which data users can understand and correctly use the
data. The degree of interpretability is primarily determined by the clarity of data definitions,
the target audience, the terminology underlying the data and information describing the
limitations of the data. Assessing the interpretability of CGD science involves evaluating how
well the results and insights derived from the data can be understood and explained (Fig. 8).

Can we align data interpretation
process with ECHO’s objectives?

1) Are the project’s objectives clear enough
to guide the interpretation process?

é

$§ 8§ 3 33

Can we adapt the protocols
to do so?

2) Does the project adhere to
international/standard protocols in data collection
(instrument/tool)?

é

Can we use charts, graphs, and
other visual aids that can help
convey complex information in an
accessible manner?

3) Does the project use representation for
data visualizations that are easy to
understand and explain?

é

Can we produce distinct summaries
of the collected data for distinct
stakeholders (Lay, informative and
descriptive summaries)?

4) Does the project ensure that the interpretation is
accessible to a broader audience, including those
without a technical background?

é

5) Is the language clear and plain to avoid ambiguity
and misinterpretation?

Can we adapt the language to be
plain and clear?

é

ECHO approved! e

Fig. 8. Assessment flowchart for the evaluation of the dimension “Interpretability”.
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5.6. Compatibility

Compatibility (also known as inter-operability) evaluates whether different systems,
applications, or components can work together effectively without issues or conflicts (Fig. 9).
LUCAS is a European initiative, led by the European Commission's Joint Research Centre (JRC),
that collects harmonized data on land cover and land use across European countries. Data
collected by LUCAS is often available in vector formats, typically in Geographic Information
System (GIS) file formats. While the specific data format used by LUCAS may vary, commonly

used vector formats include:

1. Shapefile (.shp): A widely used vector format in GIS that consists of multiple files (.shp,
.shx, .dbf, etc.) to represent geographic features.
2. GeoJSON (.geojson): A lightweight and human-readable format for encoding

geographic data structures.

3. KML (Keyhole Markup Language) (.kml): An XML-based format often used for
displaying geographic information in applications like Google Earth.

4. GML (Geography Markup Language) (.gml): An XML-based format for encoding
geographic information, including both geometry and attributes.

5. Spatial Database Formats (e.g., PostgreSQL/PostGIS, MySQL): LUCAS data may also be
stored in spatial databases, enabling efficient querying and analysis of geographic data.

1) Does the project use common data
formats (LUCAS) and standards for encoding
and structuring information?

g

2) Does the data system allow interoperability
between different software, hardware, or data
formats?

g

3) Is documentation for data interoperability
standards, protocols, and processes
available?

L

4) Are units of measurement for numeric data
consistent and compatible?

1

ECHO approved!

$y 3§ ¥ I

Can we ensure compatibility with
widely accepted standards such as
XML, JSON, and CSV?

=

N

Can we make changes to
ensure interoperability
between different systems?

Can we make it available?

Can we adapt the protocols to
have consistent and compatible
units of measurement?

adh AR AR
¢

@

Fig. 9. Assessment flowchart for the evaluation of the dimension “Compatibility”.
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5.7. Adaptation to the biogeographical region and soil types

Adapting soil indicators data to biogeographical regions and soil types is a crucial step for
understanding the diversity of soil characteristics across different geographic areas. This
adaptation enhances the applicability and relevance of soil data for specific ecosystems and
supports informed decision-making in sectors like agriculture, land management, and
environmental conservation. Achieving this adaptation involves a multidimensional approach,
integrating various data sources, employing advanced analytical techniques, and
incorporating local knowledge. This comprehensive adaptation enhances the usability and
relevance of soil data in diverse ecosystems and facilitates informed decision-making in land
management and environmental conservation endeavours (Fig. 10).

1) Do the protocols allow data collection in Can we modify the protocols to “
all the European biogeographical regions? make them applicable in all
European regions? \:_:/
. [N ]
2) Do the protocols allow data collection Can we adapt the protocols w
in all the types of soil? to all types of soil?
o0
N
3) (;an soil data indicators such as land cover, Can we adapt the protocols to ()
cllmate., and topogra‘phy be |nt?grated for make the integration possible for all >
multi-layer analysis for all soil types? types of soil? )
-
4) Is it possible to use spatial interpolation Can we adapt the protocols to Q
techniques to estimate soil indicator values in areas make data interpolation
with limited or no direct measurements? possible for all soil indicators? L
-

é

ECHO approved! “

Fig. 10. Assessment flowchart for the evaluation of the dimension “Adaptation to the
biogeographical region and soil types”.
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6. Implementation of the assessment framework

The data CGD quality assessment framework can be tailored according to the different contexts and
goals of CS projects and is aligned with the Ten Principles of Citizen Science developed by the ECSA
(2015) which are recognized key principles that the community considers as pillars of good practice in
CS. This open framework will be applied to the previously identified initiatives outlined in Task 2.1
“Selection of citizen science methods for monitoring soils”. This application will involve a detailed
evaluation of the data quality from these initiatives using the established criteria in the framework.
Based on the initial results generated from this assessment, the framework will be refined and adjusted
to better suit the specific characteristics and challenges identified in the data. This iterative process
ensures that the assessment framework remains robust, comprehensive, and aims to effectively
measure and enhance the quality of CGD across different initiatives.
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