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1 EXECUTIVE SUMMARY

Deliverable 3.1 "BIOTRAILS data repository (A)" is the first output of Task 3.1 “Data Collection and Harmonisation”
(M01-M32) led by eBOS Technologies Limited (eBOS). The overall objective of this task is to develop a data
repository that will serve as a central location for storing and harmonising all data collected within the case studies
(cocoa produced in Peru; forest-based cultural products created by indigenous communities in the Brazilian
Amazon; fisheries and aquaculture products supplied by the Mediterranean basin and consumed within the
Mediterranean countries; and gold mined in Ghana).

In order to ensure the effective management and use of the collected data, it is impotant to define a data collection
protocol. The BIOTRAILS data collection protocol outlines how the required datasets will be collected, stored, and
structured. However, the collected data is expected to be large and heterogeneous, which introduces challenges
in handling it properly. Therefore, several data connection services need to be defined and implemented to enable
seamless access to the required datasets. Each connection service will provide data in a way that meets the
specifications and standards that are included in the BIOTRAILS data collection protocol. Different alternatives
have been examined regarding how the different types of incoming datasets will be optimally integrated and
maintained into state-of-the-art, distributed, and scalable warehouses and architectures, so that they could uphold
large-scale querying and complex analysis.

Thus, the initial version of this deliverable basically includes the data collection and integration protocols we will
be following in BIOTRAILS. The BIOTRAILS data collection protocol describes the methodology followed in order
to collect, store and structure the various datasets we will collect as part of Task 3.1 activities. Moreover, data
integration refers to the management of the large amount of heterogenous data that is expected to be collected.
It should be noted that the final version of this deliverable, which will include the harmonised data in the form of
a data repository (Deliverable D3.2 — BIOTRAILS data repository (B)), is due in Month 32.

::huengigol:)ian Union B I "AT RA I LS
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This section presents the BIOTRAILS Grant Agreement (GA) commitments, as extracted from the formal
deliverable and task description, in respect to their outputs and work to be carried out.

Table 1: Adherence to BIOTRAILS's GA Deliverable & Task Descriptions

BIOTRAILS GA Respective
Component BIOTRAILS GA Component Outline Document Justification
Title Chapter(s)

DELIVERABLE

D3.1 BIOTRAILS data repository (A)

This deliverable refers to Task 3.1. The initial version (A) includes the data collection protocol, that outlines how the required
datasets will be collected, stored and structured. The data integration protocol, which is also part of this deliverable, will
describe the management of a large amount of heterogeneous data that will be collected and used in BIOTRAILS.

T3.1 Data
Collection and
Harmonisation

Funded by
the European Union

TASK
Task 3.1 will provide a data repository that will
hold all data collected within the BIOTRAILS case

studies, as well as existing data from various Chapter 4  examines
sources, such as citizens’ observatories and earth different alternatives
observation systems. A data collection protocol regarding how  the
will be defined that outlines how the required different types of

datasets will be collected, stored and structured.
A large amount of heterogeneous data is
expected to be collected and used which induces
challenges in properly handling them as the
incoming datasets are characterised by
complexity. Several data connection services will
be defined and implemented to enable seamless
access to the required datasets. Each connection
service will provide data in a way that will satisfy
specifications and standards that will be included
in the BIOTRAILS data collection protocol. A
detailed analysis of the interconnections with the
data providers will be performed in order to adapt
their data flow and structure with the BIOTRAILS
activities and additionally to design the respective
interfaces. Different alternatives will be examined
regarding how the different types of incoming
datasets (e.g., structured, semi-structured,
unstructured data) will be optimally integrated
and maintained into state-of-the-art, distributed
and scalable warehouses and architectures
(relational, NoSQL, Quad/Graph stores) so that
they could uphold large-scale querying and
complex analysis.

Chapters 4, 5, 6,
7

incoming datasets will be
optimally integrated and
maintained;

Chapter 5 outlines the
general principles and
the steps followed in
order to define the Data
Collection Protocol;

Chapters 6 and 7 analyse
the data connection
services that need to be
defined and
implemented to enable
seamless access to the
required datasets. In
addition,  chapter 7
elaborates more on the
design of the respective
interfaces.

BIZTRAILS
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The report includes 8 main chapters as described below:

Chapter 3, introduces the overall objective of the BIOTRAILS project and the related activities of Work Package 3
(WP) by referring to the indirect drivers and their impact on biodiversity. This chapter also describes the
methodology we will follow to develop the BIOTRAILS data repository (M32). Moreover, Chapter 4 includes two
main sections: one for data collection and one for data harmonisation. The first section discusses the different
collection methods and the different types and formats of the data, whereas the second part examines how large
heterogeneous incoming datasets will be handled. Different integration techniques that will be considered during
the development of the BIOTRAILS data repository are also included in this chapter. Chapter 5 describes the steps
and methods for developing the Data Collection Protocol. Furthermore, Chapter 6 presents the different types of
repositories and databases (relational or non-relational) analysing how data should be structured to enable
efficient storage, retrieval, and analysis. Chapter 7 elaborates more on the step defining the data connection
services to enable seamless access to the required datasets. Finally, Chapter 8 summarises the main conclusions
of this deliverable.

::huengigol:)ian Union B I "AT RA I LS
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3 BIOTRAILS SCOPE AND RELATED OBJECTIVES

‘Transformative change is defined [..] as a fundamental, system-wide reorganisation across technological,
economic and social factors, including paradigms, goals and values, needed for the conservation and sustainable
use of biodiversity, good quality of life and sustainable development’ (IPBES 20232). Indeed, societal
transformations at all levels and across different sectors are essential, in order to effectively address the underlying
causes of global environmental change.

BIOTRAILS aims to generate knowledge and develop tools that will inspire and accelerate biodiversity-relevant
transformative change in our society. To achieve this, BIOTRAILS uses Participatory Systems Dynamics
Modelling (PSDM) taking into account the complex interrelations between the indirect drivers of change in four
value chains of traded products (cocoa, handicrafts, fisheries and gold). In addition, BIOTRAILS seeks to enhance
our understanding of the Nexus of extraction, production, consumption, trade and behaviour patterns by
examining the flow of natural resources through global and regional supply chains.

One of the main objectives of WP3 ‘Impact of Indirect Drivers and Nexus Framework’, is to improve our
understanding on how biodiversity is affected by the indirect drivers of change. Direct drivers of change, both
natural and anthropogenic, affect nature and biodiversity directly®. Examples of direct drivers of biodiversity*
mainly include the following:

1. Land-use change: Human activities, particularly land-use change, have a significant impact on
habitats. Land use change can take various forms. It can include the conversion of land cover (e.g.,
mining, deforestation), changes in the management of the ecosystem or agro-ecosystem (e.g., forest
harvesting), as well as changes in the landscape’'s spatial configuration through habitat
fragmentation.

2. Climate change: affects the distribution and abundance of species. Changes in temperature,
precipitation, and sea level can alter ecosystem dynamics and result in the loss of biodiversity.

3. Pollution: can have a direct impact on biodiversity by altering the chemical and physical
characteristics of ecosystems. This can lead to the loss of species, the disruption of ecological
processes, and the accumulation of toxins in food chains.

4. Natural resource use and exploitation: refers to the unsustainable use of natural resources, including
wildlife hunting, overfishing, and harvesting of plants. Overexploitation can lead to the extinction of
species and the loss of genetic diversity.

5. Invasive species: Invasive species non-native species that can spread rapidly and displace native
species and thus disrupt the ecological functioning of natural systems. In addition, invasive species
can compete for resources and alter ecosystem dynamics, leading to the loss of biodiversity.

Indirect drivers on the other hand, operate diffusely by influencing direct drivers. Consumption patterns, which
have environmental implications, are greatly influenced by demographic and socio-economic trends.
Technological innovations can also affect the environment, either by promoting cleaner production or by
contributing to environmental degradation through waste and increased demand for raw materials.
Understanding the role of cultural and government drivers is essential for sustainable ecosystem management
since these factors strongly influence value systems and decision-making frameworks, which in turn affect

2 https://www.ipbes.net/node/42052 (Accessed 27 March 2023).
3 https://www.ipbes.net/models-drivers-biodiversity-ecosystem-change. (Accessed 27 March 2023).
4 https://www.ipbes.net/sites/default/files/inline/files/ipbes global assessment report summary for policymakers.pdf. (Accessed 27 March

2023).
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behaviour. Though challenging to model, recognising the influence of societal drivers is crucial for effective
ecosystem management®.

DRIVERS

INDIRECT DRIVERS ¥

e

Demographic
and
sociocultural

Economic
and
technological

Institutions
and
governance

Values and behaviors

Conflicts
and
epidemics

. d/sea use change
: M Direct exploitation
- I Climate change
" Pollution
M Invasive alien species
. I Others

Figure 1. Direct and indirect drivers of biodiversity change®.

In order to better understand these indirect drivers and their impact on biodiversity and climate change (Figure
1), BIOTRAILS will apply certain tools and methods as part of WP3 activities. In particular, the models, tools and
methods listed below will address the indirect drivers as follows:

1. Environmentally Extended Multiregional Input-Output (EEMRIO) and Life Cycle Assessment (LCA)
models address the value chains from production, through trade, to consumption.

2. Structural Equation Modelling (SEM) targets the producers’ attitude toward the practices of
sustainable production.

3. Value Chain Mapping addresses the trade stage.

4. Quantitative Behavioural Studies examines consumption patterns.

% https://www.ipbes.net/models-drivers-biodiversity-ecosystem-change. (Accessed 27 March 2023).
6 https://www.ipbes.net/sites/default/files/inline/files/ipbes global assessment report summary for policymakers.pdf. (Accessed 27 March

2023).
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The aim of Task 3.1 is to develop a robust data repository that will hold all data collected within the project's case
studies, as well as existing data from various sources, enabling seamless access to the required datasets. But how
can we ensure that the data in the repository is accurate and consistent? The proposed methodology below
suggests that a set of guidelines is necessary. This set of guidelines is included in the Data collection protocol
(Section 5) which aims to define what data should be collected, how it should be collected, and how it should be

stored.
scalability,
performance, security,
and compatibility with testing the database
define users; identify data storage & design, data
data types & sources data validation, retrieval technologies connection services &
verification, cleaning data quality
L] L ] ® L
Purpose Collect & Stucture Database Data Testing &
& scope store data design connection | Validation
data services
L ] L ]
Data collection enable seamless
Protocol; collect, access to the required
store & structure datasets; satisfy
datasets; specifications &
specifications & standards (data
standards collection protocol)

Figure 2. Developing the BIOTRAILS data repository.

The methodology followed to develop a data repository typically involves several steps’ (Figure 2). First, the
purpose and scope of the repository need to be clearly defined. In this initial step, the data sources and types
of data that will be stored in the repository must be identified. Also, it should be determined who the intended
users are, and for which purpose the repository will be used for. Nevertheless, identifying the data sources also
requires the definition of a data collection protocol which refers to the procedures and processes used to collect,
document, and organise data. It includes details on how data will be collected, what instruments will be used and
how the data will be validated, documented and stored. Defining the data collection protocol early on is critical
to ensure that data is collected in a standardised and reliable manner, and that the resulting data is of high quality
and can be effectively managed and preserved in the data repository. Therefore, the data collection protocol will
outline how the required datasets will be collected, stored and structured.

Once the data sources and types of data to be included are identified, the next step is to collect and store the
data. As it will be explained below, the selection of the data collection method mainly relates to the type and
nature of the data. Thus, during this step it should be decided how the data will be collected, which tools and
instruments need to be used, and what data collection protocols will be established.

Moreover, the data should be structured to enable efficient storage, retrieval, and analysis. The data may need
to be transformed, cleaned, and standardised to ensure consistency and usability. Data storage, as well as data

7 https://www.scnsoft.com/analytics/data-warehouse/building#plan (Accessed 3 April 2023).
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management procedures for data sharing, access and use need to be also defined. The database should be
designed and developed based on the project's requirements. The design should consider scalability,
performance, security, and compatibility with the chosen data storage and retrieval technologies. Data
connection services should also be developed to enable seamless access to the required datasets. Each
connection service should provide data in a way that satisfies specifications and standards included in the data
collection protocol.

The final step to implement a data repository involves setting up the data storage infrastructure, developing the
software managing the data, and integrating the data sources into the repository. However, the development
process cannot be completed unless, the data repository is tested and validated ensuring that it actually meets
the project's requirements. Therefore, this final step should also include testing the database design, data
connection services, and data quality. As the project progresses, the repository will be continuously improved by
incorporating feedback and new requirements.

::huengigol:)ian Union B I "AT RA I LS
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4 DATA COLLECTION AND HARMONISATION

Data collection is an important aspect of research as it provides the necessary information to answer research
questions, evaluate outcomes, and make informed decisions. However, to better understand data collection, it is
important to first define ‘'what data is'. Data can be described as different types of information organised in a
specific manner. Data collection, on the other hand, is the process of obtaining, measuring, and analysing precise
data from various pertinent sources with the aim of solving research problems, addressing queries, assessing
results, and predicting patterns and likelihoods®. Another term mentioned in several cases in this report, is
metadata. Therefore, this should also be defined. Metadata refers to data that provides information about other
data. In other words, it is data that describes the characteristics of a particular piece of data. Metadata can include
information about the origin, format, size, author, and creation date of a particular piece of data, among other
things (Baca, M. 2016).

4.1.1 Data collection methods

Defining the data collection methods is a crucial step in the data management process as it determines the quality
and usefulness of the data collected. To define the data collection methods, several factors need to be considered,
including the research question, available resources, and the nature of the data being collected. The following key
considerations will be taken into account in order to select our data collection methods in BIOTRAILS:

1. Identify the data sources: It is important to identify the sources of the data to be collected. Data can be
collected from primary or secondary sources. Primary data refers to data that is collected directly from
the source, such as through surveys, observations, or experiments. Secondary data, on the other hand,
refers to data that has already been collected by others, such as government agencies or research
organisations. Identifying the data sources is critical to define the appropriate data collection methods.

2. Determine the data collection instruments/tools: The data collection instruments refer to the tools and
equipment used during data collection. Examples include questionnaires, interviews, sensors, and
cameras. The choice of the data collection instruments or tools will depend on the nature of the data
being collected and the research question.

3. Develop data collection forms: Data collection forms are used to collect data in a systematic and
consistent manner. They provide a structure for data collection and ensure that all relevant data is
captured. Data collection forms can be in the form of paper-based questionnaires, electronic forms, or
mobile apps.

4. Develop survey instruments: Survey instruments can be in the form of questionnaires or interviews and
are used to collect data from a sample of individuals or groups. They are designed to collect specific
information about a particular population or group.

The choice of collection method highly depends on the research question, the nature of the data, and the
resources available (Kumar, R. 2019). The nature of data refers to the characteristics or properties of the data that

8 https://www.simplilearn.com/what-is-data-collection-article (Accessed 17 March 2023).
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need to be collected, such as the type of data, the level of measurement, the complexity and their variability
(Babbie, E. 2016). For instance, qualitative data is descriptive in nature and aims to understand the meaning,
context, and nuances of human experiences, attitudes, beliefs, and behaviours. It often produces non-numerical
or textual data such as words, phrases, themes, and narratives. Quantitative data, on the other hand, is numerical
in nature and is used to measure, quantify, and statistically analyse objective and observable phenomena such as
variables, trends, and patterns. It usually produces numerical data such as frequencies, percentages, means, and
standard deviations (Creswell, JW. 2014). Thus, if the data is quantitative, a survey or experiment would be the
most suitable data collection method. On the other hand, if the data is qualitative, interviews or focus groups
might be more appropriate. Thus, exploring the nature of data is vital, since each type of data requires a different
method for collection, storage analysis and interpretation. The most common data collection methods used in

research are briefly presented at Table 2 below.
Table 2: Data collection methods®.

Method

Survey

Interview/Focus group

Purpose

To understand the general characteristics
or opinions of a sample of participants.

To understand different perceptions and

How

use of questionnaires (online, in person
or over-the-phone)

ask participants open-ended questions in
individual interviews; phone

opinions on a topic. . . .
conversations or focus group discussions

direct observation of a phenomenon or
behaviour, without trying to affect the
sample.

Observation To understand something in its natural

setting.

Find existing datasets that have already

Secondary data To analyse data from populations that you
rx Y \ p. P y been collected, from sources such as
collection can't access first-hand. .
government agencies.
Experiment by manipulating one or more variables to

To test a causal relationship
measure the effect on an outcome.

BIOTRAILS main mission is to produce knowledge and develop tools aiming to accelerate biodiversity-relevant
transformative change while understanding the different drivers affecting it. As a result, a combination of both
qualitative and quantitative data might be necessary to achieve our overall objective. On the one hand, qualitative
data will provide insights into the underlying motivations, attitudes, and perceptions of the stakeholders involved
in biodiversity conservation, as well as to understand the social and cultural context in which the conservation
efforts take place. On the other hand, quantitative data can provide a more objective and quantifiable
measurement of biodiversity and the drivers affecting it.

4.1.2 Data types and formats

Data can be further classified into three main types: structured, semi-structured, and unstructured. Structured
data, typically categorised as quantitative data, refers to data that is highly organised and has a standardised
format for providing information about something. This type of data is typically stored in a database, and the
format is usually based on a pre-defined schema (Figure 3). Thus, structured data can be easily queried and

9 https://www.scribbr.com/methodology/data-collection/ (Accessed 26 March 2023).
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analysed using standard tools and techniques. Examples of structured data include transaction data, financial data,
and inventory data. Furthermore, semi-structured data is data that does not have a pre-defined schema, but has
some organisational structure. This type of data is often stored in formats such as Extensible Markup Language
(XML) or JavaScript Object Notation (JSON), and may include tags or other metadata that provide some structure.
Semi-structured data is commonly found in social media posts, emails, and web pages (Figure 3). The third
category, unstructured data refers to data that has no predefined format or structure. This type of data is often
found in text documents, images, and videos. Compared to the previous types of data, unstructured data is more
difficult to process and typically requires advanced techniques, such as natural language processing or image
recognition®,

Overall, large heterogeneous datasets and representations can be found in different formats. Based on these
formats, we can further categorise structured, semi-structured, and unstructured data. The structured data formats
that are used in the studies are SQL (Lopes, P. et al.,, 2015), XLS (Chondrogiannis, E. et al., 2019), and String (Souza,
A. et al.,, 2017). Semi-structured data formats that are used are CSV, JSON, XML, URI, whereas unstructured data
formats are categorised as sensor data, video, audio, images, text, industrial data, and social media files (Kumar
et al,, 2021). Table 3 summarises the main features of each type:

Table 3: Comparison of different data types (Kumar, R. & Monica, N. 2013).

Features Structured Semi-structured Unstructured
Version management Versioning over rows, Versioning over tqples of Versioned as a whole
columns, tuples graphs is possible

Storage requirement Less Significant Large
Format type / Relational Database table HTML, XML, JSON Character & Binary data
Technology
Data warehouse, Apache NoSQL, Video, Audio,
Applications Parquet, Relational Table, Server Logs, sensor output social media, Online
Financial data etc. Forums
Robustness Robust Limited -
Query performance Structured query (allows Queries over anonymous Only textual queries
complex joins) nodes are possible

As previously mentioned, the choice of tools for data collection (and storage) depends on the nature of the data
being collected, its structure, volume, and the specific requirements of the data repository. It is therefore important
to consider the characteristics of the data and select appropriate tools and technologies to ensure efficient and
effective management of the data within the repository. For structured data, which is organised and follows a
predefined data model, traditional relational database management systems (RDBMS) are commonly used.
RDBMS provide a structured approach to storing data in tables with well-defined schemas and enforce data
integrity through relationships and constraints. Tools such as SQL (Structured Query Language) are used to query
and manipulate structured data stored in databases. On the other hand, unstructured data, which lacks a
predefined structure or schema, requires different tools and techniques for collection and storage.

10 https://www.forbes.com/sites/bernardmarr/2019/10/18/whats-the-difference-between-structured-semi-structured-and-unstructured-
data/?sh=54d6da142b4d (Accessed 3 April 2023).
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Figure 3. Unstructured VS Structured Data’’.

In terms of the different types of data in BIOTRAILS, structured data such as statistical data on species abundance,
distribution, and ecological parameters, may be useful for analysing trends and patterns in biodiversity. Semi-
structured data such as expert opinions, stakeholder interviews, and case studies can help us provide context and
perspective on the social and cultural factors affecting biodiversity conservation. For instance, in BIOTRAILS semi-
structured data relates to the stakeholders’ mapping and engagement in the four BIOTRAILS case studies.
Unstructured data, such as social media posts, blogs, and news articles, can also provide insights into public
perceptions and attitudes towards biodiversity conservation. In BIOTRAILS, unstructured data can include satellite
images and data about the impacts on biodiversity — e.g., deforestation processes.

Knowing whether our data is structured or unstructured is crucial for developing a data repository because it
determines the appropriate storage, organisation, and retrieval mechanisms needed to handle the data effectively.
The structure of data is important for storage, organisation, processing and integration purposes. In particular,
structured data, such as data that fits well into tables with predefined schemas, can be efficiently stored in a
relational database or a structured data repository like a data warehouse. These systems provide features for
enforcing data integrity, indexing, and optimising queries for structured data. On the other hand, unstructured
data, such as text documents, images, or multimedia files, may require different storage solutions like a data lake
(Section 6) that can handle large and varied file formats.

Moreover, structured data repositories typically require predefined schemas and data models to organise and
retrieve data efficiently. Understanding the structure of data will allow us to design appropriate schemas, define
relationships between entities, and establish indexing strategies. For unstructured data, the repository may need
to provide metadata management, full-text search capabilities, or content-based retrieval methods to efficiently
organise and locate the desired information. The structure of data also impacts the processing and analysis
techniques that can be applied to derive insights. Structured data is well-suited for traditional relational
operations, SQL queries, and business intelligence tools. Unstructured data, on the other hand, may require natural

" https://www.datasciencesociety.net/datasets-for-machine-learning/ (Accessed 5 April 2023).
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language processing, machine learning, or image processing techniques for analysis. By knowing the data
structure, we can select the right tools and technologies to process and analyse the data effectively within the
repository. Last but not least, understanding the structure of the data is critical for integration and interoperability
with other systems. Structured data repositories typically offer standard interfaces, like SQL or APIs that facilitate
data exchange and integration with other applications. Unstructured data repositories may provide APIs or
formats that support interoperability with specific applications or frameworks designed for processing
unstructured data.

4.2.1 Data Integration

Data integration is a term used to describe the process of taking data from various different sources and formats
in order to combine them in a single dataset. It involves merging, consolidating, and reconciling data from various
systems and databases to create a comprehensive and accurate representation of the data. Thus, data integration
does not only refer to the transferring of data from one database to another — it's also the process of making data
more usable'. Data integration offers several benefits'®, including the following:

o Data Quality: Data integration can help us to identify and correct data inconsistencies, errors, and
redundancies, resulting in improved data quality, which is the true measure of its value. Data integration
tools can also help us identify low-quality data.

o Data Accessibility: By combining data from multiple locations and sources into a unified view makes it
easier to access, share, and analyse any data.

o Enhanced Data Consistency: Data integration ensures that all data is consistent, accurate, and up-to-
date, avoiding errors and inconsistencies that can arise from using multiple, disparate data sources.

o Increased Efficiency: Data integration reduces the time and effort required to access, process, and
analyse data, which can lead to increased productivity and cost savings.

However, incoming datasets may be heterogeneous in terms of their format, structure, or content.
Handling such datasets requires a careful and consistent approach. One approach is to use data integration
techniques (Table 4) that enable data from multiple sources to be combined into a single, consistent dataset. This
may involve transforming the data into a common format, cleaning and replicating the data, and resolving any
inconsistencies or conflicts between the different sources.

Table 4: Indlicative list of data integration techniques.

Technique Main features

- extracting data from multiple sources, transforming the data into a
common format, and loading it into a central repository or data
Extract, Transform, Load (ETL) warehouse.
- a batch-oriented process that requires significant upfront effort to define
and implement the data transformation rules.
- extracting data from multiple sources and loading it into a central
repository.
Extract, Load, Transform (ELT) - transformation step occurs after the data is loaded into the central
repository.
- a more flexible approach that can handle changing data sources and

12 https://www.ibm.com/cloud/blog/application-integration-vs-data-integration (Accessed 5 April 2023).
'3 https://www.techtarget.com/searchdatamanagement/definition/data-integration (Accessed 5 April 2023).
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transformations.
- may require more powerful hardware to perform the transformation step.
- APIs allow systems to interact and exchange data in a structured manner.
Application Programming Interface With API integration, incoming datasets can be directly consumed and
(API) integration integrated into target systems.
- offers flexibility, scalability, and real-time data integration capabilities.
- dataremains in its original location and is accessed through a virtual layer
that presents a unified view of the data.
Virtualisation - useful when data is too large to move or is located in sensitive or secure
environments.
- reduces the cost and complexity of data integration.
- replicating data from multiple sources into a central repository.
- used to create a real-time or near-real-time view of the data
- requires significant effort to maintain consistency and avoid data
conflicts.

Replication

Extract, Load and Transform (ELT) and Extract, Transform, Load (ETL) are two of the most popular data integration
processes used to move raw data from a source system to a target database, such as data lake or data warehouse.
Data sources can be in multiple, different repositories that are then transferred using ELT or ETL to a specific data
location™. With ELT, unstructured data is extracted from a source system and loaded onto a target system to be
transformed later as required. This extracted data is made available to business intelligence systems without the
need for data staging. ELT leverages data warehousing to perform basic data transformations, like data validation
or removal of duplicated data. These processes are continuously updated in real-time and handle large quantities
of raw data. Although ELT is a relatively new process compared to its predecessor ETL, it has not yet reached its
full potential. ELT is similar to ETL, but with the order of the "T" and "L" stages reversed. When using ETL,
unstructured data is extracted from a source system and then analysed to identify specific data points and
potential "keys" prior to loading data into the target systems. In a traditional ETL scenario, the extracted data is
first loaded into a staging area before being moved into the target system. During the staging process, the data
undergoes a transformation process that organises and cleans all data types, allowing for compatibility with the
target data storage systems. ETL was originally designed to work with relational databases, which historically
dominated the market.

Taking one step further, data harmonisation is the process of combining and integrating data from different
sources and formats into a single unified dataset, so that it can be easily and accurately analysed. This is important
because data from different sources may use different terminology, units of measurement, or other variables that
can make it difficult to compare and properly analyse them. According to the FAIR Data Principles’, data
harmonisation is an important aspect of making data findable, accessible, interoperable, and reusable (FAIR). By
harmonising data, researchers can reduce duplication of effort, improve data quality, and increase the efficiency
of data sharing and reuse (Wilkinson, M., D, et al. 2016). There are various approaches to data harmonisation,
including standardisation of variables, normalisation of data, and use of ontologies and controlled vocabularies.
These methods aim to ensure that data from different sources can be integrated and compared accurately and
meaningfully. Enabling seamless access to large and heterogeneous datasets requires a combination of
technological and organisational solutions. In order to develop the BIOTRAILS data repository, we will consider
the following approaches to data harmonisation:

o Standardise data formats: To enable interoperability between different datasets, it is important to use
standardised data formats that can be easily shared and integrated. Standards such as Darwin Core and
Audiovisual Core (Sections 4.2.2 and 4.2.3) provide a common framework for organising biodiversity data, as

4 https://www.ibm.com/cloud/blog/elt-vs-etl-whats-the-difference (Accessed 28 April 2023).
5 https://www.go-fair.org/fair-principles/ (Accessed 11 April 2023).
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other fields may have their own standards. Adopting common standards will help us to reduce the complexity
of integrating large datasets.

o Implement data management plans: Developing a data management plan can ensure that datasets are
organised, documented, and stored in a way that facilitates future access and sharing. Data management
plans should include information on data formats, metadata, data storage and backup, and data access and
sharing policies.

4.2.2 Darwin Core

Darwin Core'® is a standard maintained by the Darwin Core Maintenance Interest Group for sharing information
about biodiversity. This set of standardised terms and definitions includes a glossary of terms'’, identifiers and
labels aiming to facilitate the sharing of information about biological diversity by providing a framework for
organising data about organisms, their characteristics, and their environments. Darwin Core is widely used by the
biodiversity community to enable the sharing and integration of data across different research projects and
organisations. In addition, the Darwin Core standard includes a set of terms that describe the basic attributes of
an organism, such as its scientific name, location, and date of observation. It also includes terms for describing
more detailed aspects of an organism's biology, such as its morphology, genetics, behaviour, and ecology.

By using a common set of terms and definitions, Darwin Core can improve interoperability between different data
systems and software tools used by the biodiversity community. This means that researchers, institutions, and
other stakeholders can share and access biodiversity data more easily, thus accelerating research, conservation
efforts, and policy decisions.

4.2.3 Audiovisual Core

Audiovisual Core™ is a Biodiversity Information Standards (TDWG) metadata standard maintained by the
Audiovisual Core Maintenance Interest Group (Audubon Core Group). The Audiovisual Core standard also
mentioned as the Audubon core standard, includes a main vocabulary and several controlled vocabularies, as well
as several guides that explain how the vocabularies should be used. Moreover, it is used for describing biodiversity
multimedia resources, such as images, audio, and video recordings. It also provides a set of terms and definitions
for describing the content and context of these resources, including information about the species depicted, the
location and time of the observation, and the creator and copyright holder of the resource.

Like Darwin Core, Audiovisual Core aims to improve interoperability and data sharing in the biodiversity
community. It provides a standardised way to describe multimedia resources that can be easily shared and
integrated into different research projects and tools. Audubon Core and Darwin Core are complementary
standards that can be used together to provide a more comprehensive description of biodiversity data. By using
these standards to describe and organise biodiversity data and multimedia resources, researchers and other
stakeholders can work more efficiently and effectively to understand and conserve the world's biodiversity.

Both Darwin Core and Audiovisual Core can be used to describe structured and unstructured data. However, their
focus and intended use cases are slightly different. Darwin Core is primarily focused on structured data, such as
occurrence data (e.g., species, location, and date of observation) and taxonomic information (e.g., scientific name,
rank, and classification). Darwin Core is often used for data that can be easily tabulated, such as data collected

16 https://dwe.tdwg.org/ (Accessed 10 April 2023).
7 https://dwe.tdwg.org/list/#4-vocabulary (Accessed 10 April 2023).

18 https://ac.tdwg.org/ (Accessed 10 April 2023).
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through field surveys or specimen collections. On the other hand, Audiovisual Core is more focused on describing
multimedia resources, such as images, audio recordings, and video recordings. These resources may contain both
structured and unstructured data, such as location and time of observation (structured) and descriptions of the
behaviour or context of the observation (unstructured). Furthermore, Audiovisual Core is often used for data that
is difficult to quantify or describe in a structured format, such as images of wildlife in their natural habitats. Both
standards are designed to facilitate data sharing and interoperability within the biodiversity community. They
provide a standardised framework for describing biodiversity data and multimedia resources, making it easier for

researchers, institutions, and other stakeholders to share and integrate data across different research projects and
organisations.
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5 BIOTRAILS DATA COLLECTION PROTOCOL

The ultimate objective of this deliverable is to verify that the data that will be collected by the BIOTRAILS data
repository is managed efficiently and effectively. To achieve this, it is therefore essential to first define a data
collection protocol. It is also vital to ensure that the data collection protocol is comprehensive and clearly defined,
so that all stakeholders involved in the project can understand and follow it. In addition, the BIOTRAILS data
collection protocol needs to be flexible enough to accommodate any changes or modifications that may be
necessary as the project progresses.

A data collection protocol is a set of guidelines and procedures for collecting, managing, and analysing data in a
consistent and systematic manner. It outlines the steps and methods to be used for gathering data, including the
type of data to be collected, the sources of data, the tools for collecting data, and the procedures for managing
and analysing the data (C. A. Heaney and R. A. Walker, 2011). According to the DataONE Best Practices Database,
developing a data collection protocol is a critical step in data management planning and should be considered
during the early stages of the research project (Michener et al., 2012). The protocol should include a description
of the data to be collected, the methods and instruments to be used, the procedures for quality control and
assurance, and the format and metadata requirements for the data. Similarly, the FAIR Data Principles emphasise
the importance of using standard protocols and procedures for data collection to ensure the quality,
interoperability, and reuse of research data (Wilkinson et al., 2016).

A well-defined data collection protocol can address issues such as inconsistent data formats, inadequate
documentation, and inconsistent data quality, which can hinder data sharing and reuse. Thus, developing a data
collection protocol involves careful planning and attention to detail in order to ensure that the data collected is
valid and reliable. In order to develop the BIOTRAILS data collection protocol, we will follow the steps introduced
below (Figure 4).

Our first aim was to identify the data requirements and sources, which involves defining the data types, format,
and metadata required for the project. This can be achieved by consulting with stakeholders, reviewing existing
data sources, and conducting a needs assessment. The second step is to define the data collection methods
(Section 4.1.1), which involves identifying the data sources, instruments, and procedures for data collection. This
step should also include the development of data collection forms, survey instruments, and protocols for data
collection. The third step is to develop data quality control and assurance procedures, which also requires the
development of the following sets of procedures:

o data quality control and assurance procedures including data validation, cleaning, and verification.

o data storage and management procedures ensuring data storage, backup, and security.
o data sharing, access, and use procedures.

y” .
N
2 . Data quality Datastorage & (0 Data
i Data collection | Collection |
o_ ) control management . Protocol
B - — - ]
" , J (& [\ ) = \\ //,
= Q@ @ . =
How the data Data validation, » Data storagq, backup,
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soUrces collected? verification; - Data use, access &
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Figure 4. Defining the BIOTRAILS Data Collection Protocol
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One of the most important steps during the development of the data collection protocol, and therefore the
BIOTRAILS data repository, is to identify the data sources. This involves understanding the data needs of the
BIOTRAILS project and determining which sources of data can provide the necessary information. For the
BIOTRAILS project, the data sources mainly include:

1. Data that will be collected within the four case studies; and

2. Existing data from various sources: This includes data from citizen observatories, earth observation
systems, and other relevant sources.

To identify and select the data sources, it is important to have a clear understanding of the research questions
and objectives of the BIOTRAILS project. This will help us to determine the type of data that is needed, and the
sources from which it can be obtained. Once the data sources are identified, the next step is to determine the
format of the data, the frequency of data collection, and the location of the data. This will determine the storage
requirements and the types of data connection services that will be required. However, it is important to note
that identifying data sources is an iterative process, and it may involve making adjustments and modifications as
the project progresses. As more data becomes available, it may be necessary to add new data sources, or modify
existing ones to ensure that the project's data needs are met.

Identifying the data sources and requirements is an important step in order to develop the BIOTRAILS data
collection protocol. The goal of this step is to ensure that the right data’ is collected and analysed to meet the
project's objectives. In order to identify the data sources and requirements in BIOTRAILS, we will use the following
methods and approach:

5.1.1 Conducting a needs assessment

One of the methods we intend to use, is the needs assessment, a systematic process for identifying the data
requirements for a project. Conducting a needs assessment requires reviewing the project’s objectives, defining
the scope of the study (Section 3), and determining the data needed to achieve the objectives. This can include
defining the data types, format, and metadata required, as well as the processes for data quality control and
assurance. A needs assessment will help us ensure that the project is collecting the right data in the right way,
while identifying potential barriers or challenges relating to data collection and management.

BIOTRAILS will use Environmentally Extended Multi-Regional Input-Output (EEMRIO) analysis and LCA methods
to trace the environmental pressures arising from extraction / production, trade, and consumption activities, as
well as behaviour patterns along global supply chains in the four target sectors. Existing EEMRIO models will be
supplemented with new bottom-up models of land use and energy provision to assess current and potential
future GHG emissions, biodiversity loss, and ecosystem services along the supply chains of goods such as cocoa
and fisheries, as well as detailed assessments of tele-couple effects (Liu Jianguo et al.,, 2013). To better understand
the intricacies of changes, LCA will be combined with EEMRIO to increase the background data of detailed
assessments of important products and processes. This includes projected LCA methodologies for developing
primary production technologies and zero-carbon technologies. This will be enhanced with geospatial mapping
of this information through Value Chain Mapping, to generate maps showcasing the emergent costs and benefits
throughout the steps of supply chain. Through a series of participatory methods, BIOTRAILS will assess, besides
the economic values, the biophysical, social and relational values emerging across different steps of the value
chain. BIOTRAILS will conduct behavioural studies and extend the Theory of Planned Behaviour (TPB), which
considers psychological and behavioural patterns. It will also develop Structural Equation Models, which can
identify the most significant factors that drive behavioural change. Furthermore, PSDM will be used to provide
improved understanding of the interdependencies between the multiple drivers of change and complex human-
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nature dynamics of the climate-biodiversity-society Nexus system. Integrated modelling will support organising
the collective knowledge of stakeholders, accounting for the different problem frames, enhancing active
collaboration and interdisciplinary knowledge integration, enabling convergence in expectations across members
and ultimately producing “actionable knowledge” for quick everyday decisions on the choices that industries,
governments and societies make about how we produce and then consume the things that come from our natural
environment, focusing on consumer choices, as well as more nuanced results for more complex decisions (e.g.,
policy design, company strategies).

Based on the above and as part of WP3 activities, our aim is to provide an integrated approach towards sustainable
transformation, listing the factors that lead producers, suppliers and consumers to adopt a “new” behaviour that
is a sustainable agricultural practice, or a sustainable path of trade. In addition, we will enhance versions of state-
of-the-art EEMRIO and LCA databases for the key sectors of interest in climate change and impact on biodiversity
to improve process-based assessment’s supply chain information. At the same time, for each case study, we seek
to provide insight into the future climatic conditions that are projected to have an impact on the production of
the raw materials under consideration or on other stages of the value chain. Finally, we will develop a PSDM
framework to be implemented in the BIOTRAILS case studies, to map and analyse the complex web of interactions
among the socio-economic and ecological elements affecting the sustainable management of the Nexus and the
impacts on biodiversity (Nexus structure).

Reviewing the specific objectives of WP3 and identifying the research question is critical in order to determine the
data we will need to collect and store, so that we can successfully apply the different models and methods. Each
model, tool or method will be used to help us to understand better these indirect drivers and their impact on
biodiversity and climate change. In particular, EEMRIO and LCA models address the value chains from production,
through trade, to consumption; SEM targets the producers’ attitude toward the practices of sustainable
production; Value Chain Mapping addresses the trade stage, and Quantitative Behavioural Studies examines
consumption patterns. In the PSDM, the outputs from the BIOTRAILS tools and methods for the analysis of the
indirect drivers are combined with the knowledge concerning the ecosystem functioning and biodiversity loss and
change processes. By doing so, the PSDM aims at translating the indirect drivers due to production, trade and
consumption of goods and services into pressures on biodiversity. To this aim, biodiversity metrics describing the
consumption-based losses and changes will be integrated into the SDM.

Developing the data collection protocol, and as a result the BIOTRAILS data repository, requires the careful
consideration of the above. This is because, defining the purpose and scope of the data repository is mainly related
to the WP3 objectives. Also, identifying the specific research questions and objectives is important to determine
the questions that the data collection protocol will address. These questions will guide the selection of data
variables and the data sources. To achieve this and for the purposes of this report, we have circulated a
‘questionnaire’ (Annex 1) within the consortium to examine the different data needs per method and/or tool. The
aim of this file is to help us identify the data variables that are necessary to answer the research questions. In
addition, this file intends to guide us on selecting the sources from which the data will be collected while
developing the instruments that will be used to collect the data, such as questionnaires or surveys. At this stage,
the types of data concerning the processes in the four value chains to be used in the LCA and EEMRIO modelling
approaches are still under examination. As we are still collecting inputs and feedback from the WP/Task leaders
(Month 5), it is not yet possible to present the results with regards to the data sources and requirements.

5.1.2 Consulting with the Case Study Leaders

The BIOTRAILS data repository will collect and store all the data collected within the four case studies: cocoa
produced in Peru; forest-based cultural products created by indigenous communities in the Brazilian Amazon;
fisheries and aquaculture products supplied by the Mediterranean basin and consumed within the Mediterranean
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countries; and gold mined in Ghana. During the definition of the data collection protocol, the Case Study Leaders
(CSLs) can provide valuable insights and inputs with regards to the data needs and use. By engaging the CSLs in
the data requirements identification process, the project team can ensure that the data collected is relevant,
meaningful, and useful. Engaging the CSLs is extremely important to better understand which types of data are
most relevant and useful for addressing the project's goals and objectives. In addition, consulting with the CSLs
facilitates the whole process of collecting information regarding the data needs and use per case study. It can also
help us to identify potential sources of data and any data gaps that need to be filled in.

In order to engage the CSLs in the data collection process, we have shared with them an excel file (Annex 2)
including key questions relating to the data types, data format, data sources etc. The purpose of this file is to
explore the data needs for each case study. In particular, with this ‘questionnaire’ our aim is to investigate the
different data sources (where is data now); identify the different types of data that needs to be collected and
stored by the repository; examine the type of available data; check the data format; and finally define the data
and ‘user’ requirements. This excel, is a live document, currently available in the BIOTRAILS SharePoint. Although
we have received some initial responses regarding the data needs per case study, we are still at a very early stage.

5.1.3 Reviewing existing data sources

The BIOTRAILS repository will not only hold all the data collected within the case studies, but also existing data
from various sources, such as citizens' observatories and earth observation systems. Reviewing existing data
sources can help us identify gaps in the data and determine what data needs to be collected. There are several
existing data sources for biodiversity, including citizen science initiatives, remote sensing data, and government
datasets. This approach involves conducting a thorough review of existing data sources, such as government
databases, scientific literature, and citizen science projects. In this way, we can identify datasets that may be
relevant to the project and provide insight into the types of data that are currently available.

BIOTRAILS will continuously look for integrating new databases and services. The initial list of initiatives and
databases that will be integrated includes global and regional ones with which agreements are already in place or
which have no access barriers - global databases: (1) Global Earth Observation System of Systems'™(GEOSS), (2)
Copernicus?®, (3) Global Biodiversity Information Facility?' (GBIF), (4) the Encyclopedia of Life?? (EOL) and its data
providers, (5) ecoinvent? (6) EXIOBASE?#, Eora®> and World Input-Output Database?® (WIOD) etc.

5.1.3.1 Global Earth Observation System of Systems

GEOSS is an international initiative that aims to integrate Earth observation systems and data from various sources
to provide comprehensive and coordinated information about the Earth's environment. GEOSS promotes the
sharing of data and information among different countries and organisations to address global environmental
challenges.

In BIOTRAILS, GEOSS can play a crucial role by providing valuable data and tools for monitoring and managing
biodiversity. In particular GEOSS can provide us with access to a wide range of Earth observation data from
satellites, ground-based sensors, and other sources. These data can include information about land cover,

19 https://earthobservations.org/geoss.php (Accessed 4 April 2023).

20 https://www.copernicus.eu/en (Accessed 4 April 2023).

21 https://www.gbif.org/ (Accessed 4 April 2023).

22 https://eol.org/ (Accessed 4 April 2023).

33 https://ecoinvent.org/the-ecoinvent-database/data-releases/ecoinvent-3-8/ (Accessed 4 April 2023).
24 https://www.exiobase.eu/ (Accessed 4 April 2023).

25 https://worldmrio.com/ (Accessed 4 April 2023).

26 https://www.rug.nl/ggdc/valuechain/wiod/ (Accessed 4 April 2023).
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vegetation, climate, wildlife habitats, and more. BIOTRAILS can tap into this data to assess the distribution and
health of various species and ecosystems. Moreover, GEOSS utilises remote sensing technologies to gather data
from space and provide detailed information about the Earth's surface. This can be useful for monitoring changes
in biodiversity, such as deforestation, habitat loss, or invasive species encroachment. Remote sensing data can
also be used to detect biodiversity hotspots or areas at risk. GEOSS aims to integrate data from different sources
and make them interoperable. BIOTRAILS can benefit from this integrated approach by combining data from
various disciplines, such as ecology, climate science, and geospatial analysis. In this way we will be able to gain a
holistic understanding of biodiversity patterns and processes.

5.1.3.2 Copernicus

Copernicus is a European Union (EU) Earth observation program designed to provide accurate, up-to-date, and
reliable information about the Earth's environment. It consists of a network of satellites, ground-based sensors,
and data and information services. Copernicus aims to support various applications in areas such as climate
change, disaster management, agriculture, and biodiversity.

Copernicus operates a constellation of satellites, including the Sentinel series, which provide high-resolution
imagery and data on land cover, vegetation, and habitat characteristics. These satellite images can be used to
monitor changes in biodiversity, detect deforestation, assess habitat quality, and track the distribution of species.
In addition, Copernicus provides a range of remote sensing data products, including optical, radar, and thermal
data. These data can be used to identify and analyse key biodiversity indicators, such as vegetation indices, land
surface temperature, and water bodies. Remote sensing data from Copernicus can also be used to assess the
health and dynamics of ecosystems, measure biodiversity loss, and identify areas of conservation concern.

Copernicus offers a suite of data services and tools that support biodiversity projects. The Copernicus Land
Monitoring Service provides access to land cover and vegetation data, allowing users to assess changes in habitats,
monitor land use practices, and identify areas for conservation. The Copernicus Climate Change Service provides
climate data, which can be used to analyse the impact of climate change on biodiversity and identify vulnerable
species or ecosystems. Copernicus also contributes to the development of monitoring and early warning systems
for biodiversity. For example, it can help us detect and track the spread of invasive species, monitor the impact of
natural disasters on ecosystems, and provide data for assessing the effectiveness of conservation measures. Such
information is crucial for timely intervention and management of biodiversity resources.

Furthermore, Copernicus data can be integrated with other sources of information, such as ground-based
observations and species occurrence records, to enhance biodiversity assessments. By combining satellite data
with field data, researchers and conservationists can gain a more comprehensive understanding of biodiversity
patterns, species distribution, and habitat dynamics. In BIOTRAILS, Copernicus can be extremely useful since it
may provide data, for instance climatic data, particularly useful for the climate projections foreseen as part of WP3
activities.

5.1.3.3 Global Biodiversity Information Facility

GBIF is an international network and data infrastructure that promotes the free and open sharing of biodiversity
data from around the world. GBIF serves as a global repository for biodiversity data, facilitating access to a wide
range of species occurrence records, taxonomic information, and other biodiversity-related data.

GBIF provides access to a vast amount of species occurrence data contributed by various institutions, museums,
research organisations, and citizen scientists. These data consist of records of species observations, including their
geographic location, date, and other relevant attributes. Biodiversity projects can utilise these occurrence data to
study species distributions, assess species richness, identify biodiversity hotspots, and analyse changes in species
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abundance over time. Additionally, GBIF enables the integration of biodiversity data from multiple sources and
facilitates data analysis. Researchers can combine GBIF occurrence data with other environmental or socio-
economic datasets to study relationships between biodiversity and various factors such as climate, land use, or
human activities. This integration allows for comprehensive analyses of biodiversity patterns, ecological
interactions, and the impacts of environmental changes on species and ecosystems.

5.1.3.4 Encyclopedia of Life

EOL is a comprehensive online database and resource that seeks to document and provide information about all
known species on Earth. It is a collaborative initiative involving scientists, researchers, and institutions from around
the world. The primary goal of EOL is to create a freely accessible and continually updated resource that compiles
information on species taxonomy, distribution, characteristics, ecology, and more.

EOL serves as a valuable source of species-specific information. It provides detailed descriptions, images, maps,
and taxonomic classifications for a vast number of species. EOL offers taxonomic information and classifications
for a wide range of organismes. It can be used as a reference to verify and standardise species names and taxonomy
in biodiversity projects. Accurate taxonomic identification is crucial for ensuring consistency in research, data
sharing, and communication within the scientific community. Furthermore, EOL aggregates data from various
sources, including scientific literature, museum collections, citizen science initiatives, and research projects.
BIOTRAILS can benefit from this data aggregation by accessing a wide range of information from diverse datasets.
EOL also provides APIs and tools that allow integration with other biodiversity databases and platforms. BIOTRAILS
can leverage these integration capabilities to combine data from EOL with their own datasets, creating
comprehensive analyses and visualisations.

5.1.3.5 ecoinvent

ecoinvent is a globally recognised Life Cycle Inventory (LCl) database that provides detailed and standardised
information on the environmental impacts of various products and processes. It contains data on resource
extraction, manufacturing, transportation, use, and disposal for a wide range of goods and services. ecoinvent is
widely used in LCA studies to evaluate the environmental performance of products and systems.

ecoinvent provides data on the environmental impacts associated with different stages of a product's life cycle.
This includes impacts on ecosystems, such as land use, water consumption, emissions, and resource depletion.
BIOTRAILS can utilise this information to assess the potential impacts of various human activities, products, or
processes on biodiversity and ecosystems. Moreover, ecoinvent allows for the comparison of different products
or processes based on their environmental performance. It can be therefore used to compare the environmental
impacts of alternative options or scenarios. For example, it can be used to assess the ecological footprint of
different agricultural practices, evaluate the sustainability of resource extraction methods, or compare the
environmental impacts of various energy production systems.

ecoinvent data can be used to estimate the biodiversity footprint associated with a specific product or process.
By integrating biodiversity impact indicators into the LCA framework, researchers can quantify the potential
impacts on biodiversity resulting from human activities. This can aid in identifying areas where improvements can
be made to reduce negative biodiversity impacts and support more sustainable decision-making, hence offering
useful information to policymakers and others involved in biodiversity conservation.

5.1.3.6 EXIOBASE

EXIOBASE is a global multi-regional input-output (MRIO) database that provides detailed information on
economic activities and their environmental impacts across countries and sectors. It combines input-output tables
with environmental satellite data to quantify the environmental footprints associated with different economic
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sectors and regions. EXIOBASE enables the assessment of various environmental indicators, including greenhouse
gas emissions, energy use, water consumption, and material flows. EXIOBASE allows for the estimation of the
biodiversity footprint associated with economic activities. By integrating biodiversity impact indicators into the
input-output framework, we can assess the potential impacts on biodiversity resulting from different sectors or
regions. It helps identify the links between economic production and consumption patterns and their effects on
biodiversity loss or degradation.

EXIOBASE provides detailed information on global supply chains, including intermediate inputs and final products
across sectors and countries. Biodiversity projects can utilize this data to analyse the environmental impacts
associated with specific supply chains and identify critical points where interventions can be made to reduce
biodiversity impacts. It enables the identification of hotspots and the evaluation of alternative sourcing strategies
that minimise biodiversity loss.

EXIOBASE allows for sector-specific analysis, examining the environmental impacts of individual economic sectors
or industries. Biodiversity projects can focus on specific sectors that are known to have significant impacts on
biodiversity, such as agriculture, forestry, mining, or manufacturing. By assessing the environmental footprints of
these sectors, researchers can identify opportunities for improving biodiversity conservation practices and
promoting sustainable production and consumption.

EXIOBASE data can be integrated with other biodiversity-related datasets and models to gain a more
comprehensive understanding of the interactions between economic activities, environmental impacts, and
biodiversity. By combining EXIOBASE data with biodiversity data sources, such as species occurrence records or
habitat maps, we can assess the biodiversity implications of economic activities and identify strategies for
mitigating negative impacts.

5.1.3.7 Eora

The Eora global supply chain database comprises a MRIO table model that offers a time series of high-resolution
Input - Output tables with matching environmental and social satellite accounts for 190 countries. Eora allows for
the analysis of global supply chains, including the flows of goods and services between different regions and
industries. BIOTRAILS can utilise this information to analyse supply chains and identify potential hotspots of
biodiversity impact. Understanding how products and resources flow through supply chains aids in identifying the
stages or places where actions to decrease biodiversity impacts, such as unsustainable resource exploitation or
habitat degradation, might be implemented. By integrating biodiversity impact indicators into the input-output
framework, Eora enables the estimation and assessment of potential biodiversity impacts associated with different
economic sectors and regions. This analysis guides attempts to prioritise conservation initiatives and establish
sustainable practises by identifying sectors or regions with the highest biodiversity footprints.

Eora data can be used for economic-environmental modelling to evaluate the relationships between economic
activities, environmental impacts, and biodiversity. BIOTRAILS can incorporate Eora data into models to assess the
potential consequences of changes in economic activity or policy interventions on biodiversity. This can serve to
inform decision-making processes and aid in the development of long-term strategies.

5.1.3.8 World Input-Output Database

WIOD is a global economic database that provides detailed information on inter-industry transactions and
economic activities across countries and sectors. It contains data on the flows of goods and services between
industries, final demand from households, government, and exports, as well as the associated environmental
indicators. WIOD allows for the analysis of economic interdependencies and the quantification of environmental
footprints associated with different sectors and regions.
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WIOD provides information on the flows of goods and services between industries and regions. BIOTRAILS can
utilise this data to analyse supply chains and identify potential hotspots of biodiversity impact. By understanding
the interdependencies between economic sectors and regions, researchers can assess the indirect and direct
impacts of different sectors on biodiversity.

By integrating biodiversity impact indicators into the input-output framework of WIOD, researchers can estimate
and assess the potential biodiversity impacts associated with different economic sectors and regions. This analysis
aids in identifying the industries or regions with the greatest biodiversity footprints, directing efforts to prioritise
conservation measures and build long-term practises.

Data quality control and assurance procedures are a set of activities that are performed to validate the accuracy,
completeness, consistency, and timeliness of data collected during a study. Developing data quality control and
assurance procedures is critical in ensuring that the data collected is accurate, reliable, and trustworthy. During
the elaboration of the BIOTRAILS data collection protocol, the following key aspects regarding data quality control
and assurance procedures have been taken into account:

o Data validation: checking data for completeness, consistency, accuracy, and validity.
o Data cleaning: identifying and correcting errors, inconsistencies, and missing data.
o Data verification: verifying data through cross-checking and comparing data from different sources.

o Data storage and backup: ensuring that the collected data is secure, accessible, and backed up in case of
data loss.

o Data sharing and access: collected data is shared and accessed in accordance with relevant data
protection and privacy regulations.

5.2.1 Data validation

Data validation is a crucial step in the data quality control process, as it involves checking the collected data for
completeness, consistency, accuracy, and validity. Validation can be performed both during and after data
collection. The main objective of data validation is to ensure that the collected data accurately represents the
intended population or sample. This involves verifying that the data collected is complete, meaning that all
necessary data points have been collected; consistent, and there are no discrepancies or contradictions within
the data set; accurate, meaning that the data is free from errors or mistakes; and valid, meaning that the data
accurately reflects the intended constructs or variables being measured?’. There are several methods that can be
used to validate data, including?®:

1. Range checks: Verifying that the collected data falls within a predefined range of acceptable values.

2. Logic checks: Verifying that the collected data makes logical sense and is consistent with other data points
in the data set.

3. Cross-field checks: Verifying that the collected data is consistent across different fields or variables.

27 https://www.techtarget.com/searchdatamanagement/definition/data-quality (Accessed 7 April 2023).
28 https://corporatefinanceinstitute.com/resources/data-science/data-validation/ (Accessed 7 April 2023).
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4. Comparison with external sources: Verifying that the collected data is consistent with data from external
sources, such as official statistics or other studies.

5. Double data entry: Entering the collected data twice by different individuals to identify any discrepancies
or errors.

Data validation is therefore important because it ensures that the data collected is accurate, reliable, and
trustworthy. This can be achieved by developing validation rules and procedures to check for errors,
inconsistencies, and outliers in the data. These validation rules can be built into the data collection forms, survey
instruments, or data entry systems. It can also help us to identify any data quality issues early on, which can be
addressed before the data is analysed. If data validation is not performed or is performed poorly, the data may be
incomplete, inconsistent, inaccurate, or invalid, which can lead to incorrect conclusions and misinterpretation of
study findings.

5.2.2 Data cleaning

Data cleaning is a crucial step in the data quality control process, as it involves identifying and correcting errors,
inconsistencies, and missing data in the collected data. The main objective of data cleaning is to ensure that the
collected data is accurate, complete, and consistent. Data cleaning includes the following processes??:

1. Identifying missing data: Missing data occurs when data points are not collected or are incomplete. At
this stage we need to identify missing data and decide whether to exclude it, impute it, or collect it again.

2. Identifying outliers: Outliers are data points that are significantly different from the rest of the data set.
Once identified we should decide whether to exclude them, investigate them further, or correct them.

3. Correcting errors: Errors can occur due to data entry mistakes, data processing errors, or other reasons.
During this step, errors need to be corrected in order to ensure that the corrected data is consistent with
the rest of the data set.

4. Handling inconsistencies: Inconsistencies can occur when data is collected using different methods or
instruments, or when different data collectors have different interpretations of the data.

With this in mind, data cleaning is a critical procedure since it will help us ensure that the collected data is accurate,
complete, and consistent. If data cleaning is not performed or is performed poorly, the data may contain errors,
inconsistencies, or missing data, which can lead to inaccurate conclusions and misinterpretation of study findings.

5.2.3 Data verification

Data verification is a process of ensuring that the collected data accurately reflects the original source data.
Verification involves checking the accuracy and completeness of the collected data against the original source
data, such as paper records, electronic records, or other sources. Data verification is an important step in the data
quality control process because it ensures that the collected data is reliable, accurate, and trustworthy. It is
particularly important when data is collected from external sources or when there is a risk of data entry errors.
There are several methods that can be used for data verification, including?’:

1. Double data entry: Entering the collected data twice by different individuals to identify any discrepancies
or errors.

29 https://www.tableau.com/learn/articles/what-is-data-cleaning (Accessed 9 April 2023).
30 https://researchmethod.net/data-verification/ (Accessed 9 April 2023).
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2. Reconciliation: Comparing the collected data with the original source data to identify any discrepancies
or errors.

3. Data profiling: Analysing the collected data to identify any anomalies, outliers, or errors.
4. Sampling: Selecting a sample of the collected data and verifying it against the original source data.

5. Cross-checking: Comparing the collected data with data from other sources to identify any discrepancies
or errors.

5.2.4 Data storage and backup

Data storage and backup procedures are important components of data quality control and assurance procedures.
Proper data storage and backup procedures need to be taken into account if we wish ensure that data is securely
stored, easily accessible, and protected against loss or damage. The following practices for data storage and
backup procedures will be considered (Kelleher, J. D., & Tierney, B. 2018):

1. Use a reliable data storage medium: Choose a data storage medium that is reliable and durable, such as
hard drives, cloud storage, or tape backup. The storage medium should be regularly maintained and
tested for errors or defects.

2. Implement a backup strategy: Create a backup strategy that includes regular backups of all data, as well
as incremental backups of new or changed data. Backups should be stored in a secure location that is
separate from the original data storage location.

3. Test backups regularly: Regularly test backups to ensure that they are working correctly and can be used
to restore data in the event of a disaster or data loss.

4. Implement version control: Implement version control to track changes to data and ensure that the latest
version of data is being used.

5.2.5 Data sharing and access

Data sharing and access procedures should be developed to ensure that the collected data is shared and accessed
in accordance with relevant data protection and privacy regulations. This can involve developing procedures for
data sharing agreements, data access requests, and data anonymisation. Procedures for data sharing, access, and
use are important considerations during the definition of the data collection protocol. These procedures can
ensure that data is collected and used in an ethical and responsible manner, and that the privacy and
confidentiality of individuals and organisations are protected. When defining the data collection protocol, it is
important to establish clear guidelines for data sharing, access, and use. This may include identifying who will have
access to the data, under what conditions, and for what purposes. For example, data may be restricted to
authorised personnel only, and only used for research purposes that are consistent with the original intent of the
data collection (Kelleher, J. D., & Tierney, B. 2018). For the development of the BIOTRAILS data repository we will
consider the following best practices for data sharing and access procedures:

1. Determine data access levels: Determine who needs access to the data and what level of access they
require. Access levels should be based on the user's role, responsibilities, and need-to-know.
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2. Implement data security measures: Implement data security measures to protect against unauthorised
access, such as by using passwords, encryption, or other security measures.

3. Provide data documentation: Provide documentation that describes the data, including the data structure,
format, and content, as well as any associated metadata or documentation.

5.2.5.1 GDPR considerations

Procedures for data sharing should take into account any legal and ethical considerations, such as data privacy
laws and regulations, intellectual property rights, and informed consent requirements. Data sharing should be
consistent with these considerations, while appropriate measures need to be in place to protect the confidentiality
and privacy of individuals and organisations. When developing a data collection protocol, it is therefore also
important to consider the General Data Protection Regulation (GDPR). In BIOTRAILS we will not collect, store or
process any personal data. In addition, any data stored will be anonymised and randomised, thus no personal
information will be retrievable. Nevertheless, the following GDPR considerations will be taken into account3™

o Lawful basis for processing: Identify the lawful basis for collecting and processing personal data under
GDPR. This includes obtaining consent, fulfilling a contractual obligation, complying with a legal
obligation, protecting vital interests, performing a task in the public interest, or pursuing legitimate
interests.

o Data minimisation: Collect and process only the minimum amount of personal data necessary to achieve
the specified purpose. Collecting irrelevant or excessive personal data will be avoided.

o Transparency: Inform individuals about the collection, processing, and use of their personal data. This
includes providing clear and concise privacy notices and obtaining explicit consent when required.

o Security: Implement appropriate technical and organisational measures to ensure the security of personal
data against unauthorised or unlawful processing, accidental loss, destruction, or damage.

o Data subject rights: Individuals have various rights under GDPR, such as the right to access, rectify, erase,
restrict, and object to the processing of their personal data. A clear and accessible process for individuals
to exercise their rights need to be provided, if applicable.

It should be noted that during the development of the BIOTRAILS data repository the relevant GDPR rules will be
continuously followed, as stated in Deliverable 1.1 ‘Data Management Plan'.

31 https://gdpr.eu/ (Accessed 11 April 2023).
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Once the data has been collected and stored in the appropriate data warehouses/architectures, it is important to
implement appropriate data management policies and procedures to ensure that the data is properly maintained
and secure. Therefore, data management policies and procedures are necessary to safeguard the proper use,
handling, and protection of data. These policies and procedures may include guidelines for data access, data
storage, data backup and recovery, data retention, and data sharing.

Another important aspect of this step is the development of procedures for data sharing, access, and use. At this
stage, it is important to consider who has access to the data, what level of access they have, and how the data will
be shared among project partners and stakeholders. This may involve defining data access policies and
procedures, setting up user accounts, and implementing authentication and authorisation mechanisms.
Additionally, we will ensure that data use is consistent with ethical guidelines and data protection regulations.

In BIOTRAILS, developing data storage and management procedures relates to the definition of procedures for
storing, backing up, and securing the project data. This includes deciding on the appropriate data storage
infrastructure, such as using cloud-based or on-premises servers. The storage infrastructure should meet the
required capacity and performance requirements and also consider the scalability of the system. In addition,
adequate security measures, such as access controls, need to be in place to protect data. Procedures for data
backup, will be established and carried out regularly to ensure that project data is not lost. These procedures
should also consider the frequency of backups, the method of backup, and the storage location for backup data.

In the context of the BIOTRAILS data repository, data management policies and procedures include:

o Establishing clear data access policies and procedures that ensure that data is only accessed by authorised
personnel and that access is logged and audited. This may involve implementing role-based access
controls, and security measures to ensure that data is protected from unauthorised access.

o Implementing appropriate data storage and backup policies to ensure that data is stored in a secure and
resilient manner, and that data backups are taken regularly to ensure that data can be recovered in the
event of a disaster or other data loss event.

o Establishing appropriate data retention policies to ensure that data is retained for the appropriate length
of time, and that data is securely destroyed when it is no longer needed.

o Implementing appropriate data sharing policies to ensure that data is shared in a secure and responsible
manner, and that appropriate data use agreements are in place to protect the privacy and confidentiality
of the data.

In addition to these policies and procedures, it is also important to establish appropriate data quality control
measures to ensure that the data is accurate, complete, and reliable. This may involve implementing data
validation checks, data cleaning procedures, and other quality control measures to ensure that the data is fit for
its intended purpose.

As soon as the data has been collected, stored, and connected through data connection services, it is important
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to test and validate the data repository to ensure that it meets the requirements and objectives of the BIOTRAILS
project. In order to test and validate the BIOTRAILS data repository, a variety of testing methods are being
considered including:

Unit testing: This involves testing individual components of the data repository to ensure that they are
working correctly.

Integration testing: This involves testing how the different components of the data repository work
together.

System testing: This involves testing the entire data repository as a whole to ensure that it is working
correctly.

Acceptance testing: This involves testing the data repository with end-users to ensure that it meets their
requirements and is easy to use.

Testing and validating the data repository is a critical step in ensuring that it is fit for purpose and can support the

objectives of the BIOTRAILS project. By conducting rigorous testing and validation, the project team can ensure
that the repository is robust, reliable, and meets the needs of its users. In order to maintain and update the
BIOTRAILS data repository, a variety of methods may be used, including:

o

Regular data audits: This involves auditing the data repository regularly to ensure that the data is accurate,
complete, and consistent.

Regular software updates: This involves updating the software used to develop and maintain the data
repository to ensure that it remains up-to-date and secure.

Regular database backups: This involves backing up the database regularly to ensure that the data is
protected in the event of a system failure or other disaster.

Overall, maintaining and updating the data repository is a critical step in ensuring that it continues to meet the

needs of the BIOTRAILS project over time. By regularly monitoring and updating the repository, the consortium
can ensure that it remains fit for purpose and able to support the objectives of the project.
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6 DATA REPOSITORY

A data repository is a centralised location where data is stored, organised, and managed. It is a structured and
secure storage system that provides access to data to authorised users for various purposes, such as research,
analysis, and reporting3?. Having data stored in a data repository offers several benefits, since it provides a
centralised location for storing and managing data. It can ensure data consistency and reduce the risk of data
duplication or loss. Moreover, a data repository can help us assure high-quality and accurate data by providing a
uniform structure and format for data. Data sharing is also made easier, while a more secure environment for data
storage and management is provided, protecting sensitive data from unauthorised access. Most importantly,
having data saved in a data repository allows greater visibility and accessibility®3. There are several types of data
repositories, each with its own strengths and weaknesses depending on the specific use case:

1. Data lakes** This is a repository that stores large amounts of raw, unstructured, and/or semi-structured
data, often in its native format. Data lakes are typically used for big data and data science applications.
Examples include Amazon S3 and Microsoft Azure Data Lake Storage.

2. Data warehouses®?: This type of repository is designed to store structured and semi-structured data from
multiple sources in a centralised location, often for business intelligence and analytics purposes. Examples
include Snowflake and Amazon Redshift.

3. Data marts3®: a subset of a larger data warehouse that is designed to serve a specific department or
function within an organisation. Data marts are typically designed to be faster and more agile than data
warehouses, as they are optimised for a specific set of queries and analytical needs. They may also be
more specialised in terms of data models, data integration, and data quality, as they are intended to
support a specific department or function within the organisation.

The choice of data repository type depends on several factors, including the nature of the data, the intended use
case, and the specific requirements of the project. Given the heterogeneous and complex nature of the data
expected to be collected in BIOTRAILS, a data lake or a data warehouse may be suitable options. Data lakes are
designed to store large amounts of raw and unstructured data, which would be appropriate for BIOTRAILS given
the various sources of data and the need to store data in its native format. However, data lakes can be challenging
to manage and query, which could be a drawback.

Data warehouses, on the other hand, are designed to store structured and semi-structured data from multiple
sources in a centralised location, which would make it easier to manage and query data. Additionally, data
warehouses often provide built-in tools for data integration, transformation, and analysis, which could be useful
for BIOTRAILS. Ultimately, the choice of data repository type will be based on a thorough analysis of the
requirements and constraints of the BIOTRAILS project.

Table 5: Data warehouse VS Data Lake?”

Characteristics Data warehouse Data Lake

32 https://datamanagement.hms.harvard.edu/share-publish/data-repositories (Accessed 20 April 2023).

33 hittps://www.questionpro.com/blog/data-repository/ (Accessed 20 April 2023).

34 https://aws.amazon.com/big-data/datalakes-and-analytics/what-is-a-data-lake/ (Accessed 20 April 2023).
3 https://www.ibm.com/topics/data-warehouse (Accessed 20 April 2023).

36 https://www.ibm.com/topics/data-mart (Accessed 20 April 2023).

37 https://aws.amazon.com/big-data/datalakes-and-analytics/what-is-a-data-lake/ (Accessed 3 April 2023).
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Database systems, can also serve as data repositories. Although the terms "data repository" and "database" are
often used interchangeably, there are subtle differences in their meaning and usage. As already explained, a data
repository refers to a storage system or platform where data is collected, organised, and stored for future use. It
is a broader concept that encompasses various types of storage systems, including databases. A data repository
can include data warehouses, data lakes and other storage solutions designed to handle large volumes of data.
On the other hand, a database is a structured collection of data that is organised and stored in a specific format,
typically within a database management system (DBMS). Databases provide a structured way to store and manage
data, enforce data integrity through defined schemas, and offer mechanisms for querying and manipulating the
data. In essence, a database is a specific type of data repository that follows a structured format and is managed
by a database management system, while a data repository is a more general term referring to any system or
platform where data is stored and managed, which may or may not include databases. Databases can be relational
(using tables and relationships) or non-relational/NoSQL (using flexible schemas). Relational databases®?, like
PostgreSQL, are organised around tables, rows and columns with predefined relationships between them, and are
suitable for structured data with a fixed schema. Non-relational or NoSQL databases3?, like MongoDB, are
designed for unstructured or semi-structured data, and are flexible in terms of data format and schema. Querying
a database involves retrieving specific data from the database based on certain criteria or conditions. The exact
method of querying a database depends on the type of database and the query language it supports. The most
common approaches to querying a database are the following:

o SQLis the most widely used query language for relational databases. To query a relational database using
SQL, we typically use the SELECT statement along with various clauses such as WHERE, JOIN, GROUP BY,
HAVING, and ORDER BY to specify the desired data and filtering conditions. SQL queries can range from
simple to complex, allowing us to retrieve, filter, sort, and aggregate data based on our requirements.

o NoSQL databases use different query languages depending on their specific database model. For
example, MongoDB (Section 6.1.2.1) uses a query language based on JSON-like documents, where
conditions can be specified using operators and query modifiers.

6.1.1 Relational Databases

As previously explained, a relational database is a type of database that organises data into one or more tables,
where each table consists of a set of rows and columns. The data in a relational database is stored in a structured
manner, and relationships between the tables are defined by using keys. Relational databases are widely used in
applications such as accounting, customer relationship management, and inventory management. However, a
relational database should not be confused with a relational database management system (RDBMS) which is a

38 https://www.oracle.com/database/what-is-a-relational-database/ (Accessed 20 April 2023).
39 hittps://www.ibm.com/topics/nosgl-databases (Accessed 20 April 2023).
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software system that enables the creation, management, and querying of relational databases. An RDBMS
provides a set of tools and services for creating tables, defining relationships, inserting, updating, and retrieving
data, and ensuring the integrity and security of the database. Thus, a relational database is a way to structure and
organise data, while an RDBMS is a software tool used to create, manage, and query relational databases*.

Popular RDBMSs include Oracle, MySQL, Microsoft SQL Server, and PostgreSQL. For the development of the
BIOTRAILS data repository we are considering using PostgreSQL.

6.1.1.1 PostgreSQL

A popular open-source relational database management system (RDBMS) that provides robust support for
Structured Query Language (SQL) and advanced features for complex applications. It is known for its stability,
reliability, and ability to handle large and complex datasets. PostgreSQL*' is highly extensible and supports a wide
range of data types, including complex data types such as arrays, JSON, and geometric data. It also provides
support for advanced indexing, full-text search, and spatial data.

One of the key strengths of PostgreSQL is its ability to handle concurrent access to data. It provides support for
multi-version concurrency control (MVCC), which allows multiple users to access the same data at the same time
without conflicts. This makes it a popular choice for applications that require high levels of concurrency, such as
web applications and enterprise systems. PostgreSQL is also highly customisable, with a large and active
community that contributes to its development and support. It has a wide range of extensions and plugins
available, which can be used to add additional functionality and integration with other tools and platforms.

Overall, PostgreSQL is a powerful and versatile RDBMS that provides robust support for SQL and advanced
features for complex applications. It is a popular choice for developers and businesses who need a reliable and
scalable database solution.

6.1.2 Non-relational Databases

Non-relational databases, also known as NoSQL databases, serve as an alternative to relational databases. They
are designed to handle large volumes of unstructured and semi-structured data, such as social media posts, sensor
data, and log files. Unlike relational databases, which use a table-based schema to organise data, NoSQL databases
use a variety of data models, such as key-value, document, graph, and column-family stores. While a variety of
differences exist between RDBMS and NoSQL databases, one of the key differences is the way the data is modelled
in the database.

NoSQL databases provide scalability, flexibility, and performance advantages over relational databases in certain
use cases. For example, they can easily scale horizontally by adding more nodes to a distributed system, making
them well-suited for handling big data workloads. They also allow for faster data retrieval, as they do not require
complex joins to retrieve related data. However, NoSQL databases can be more difficult to use and maintain than
relational databases, as they often require developers to write more code to handle data relationships and
consistency. Additionally, they may not support all the features and functionality of traditional SQL-based
databases. Popular NoSQL databases include MongoDB, Cassandra, Redis, and Amazon DynamoDB*.

6.1.2.1 MongoDB

In BIOTRAILS we are considering using MongoDB#, a popular document-oriented NoSQL database that stores

“0 https://learn.microsoft.com/en-us/dotnet/architecture/cloud-native/relational-vs-nosql-data (Accessed 3 April 2023).
41 hitps://www.postgresgl.org/ (Accessed 24 April 2023).

42 https://www.mongodb.com/nosgl-explained (Accessed 24 April 2023).

4 https://www.mongodb.com/ (Accessed 24 April 2023).
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data in JSON-like documents with dynamic schemas. Unlike traditional relational databases, MongoDB is designed
to be flexible, scalable, and easy to use for modern web and mobile applications that require real-time access to
data. MongoDB uses a document data model, where data is stored as documents in collections, instead of tables
in relational databases. Documents are stored as BSON (Binary JSON) format, which allows for efficient storage
and retrieval of data. Each document in a collection can have a different structure, making it flexible to store data
with varying formats.

In addition, MongoDB is designed to be highly scalable and can be distributed across multiple servers. It provides
automatic sharing and replication, which helps to distribute the data across multiple servers and ensure high
availability and fault tolerance. This database has a powerful query language that supports rich data queries and
aggregation. It also provides support for text search, geospatial data, and graph data processing. MongoDB has
a variety of client libraries available for different programming languages, making it easy to integrate into a wide
range of applications.

6.1.2.2 CouchDB

Another DBMS considered is CouchDB#, an open-source, document-oriented NoSQL database management
system that stores and manages data as a series of JSON documents. It was developed by Apache Software
Foundation and is written in the Erlang programming language. CouchDB uses a RESTful HTTP API to access and
manipulate data, and supports features such as indexing, replication, and clustering.

One of the main features of CouchDB is its ability to handle data synchronisation between different devices and
platforms. It allows for efficient replication of data between distributed systems, which makes it a popular choice
for mobile and web applications that need to work offline or have unreliable network connectivity. CouchDB's
support for document versioning also makes it useful for applications that require data audit trails or revision
history. Furthermore, CouchDB's document-oriented data model allows for flexible and dynamic data structures,
making it easy to handle data that changes frequently or has varying attributes. Its query language, called
MapReduce, allows for efficient and powerful querying of data.

CouchDB is also highly scalable, supporting multi-node clustering and load balancing for high availability and
performance. It has a built-in web interface that allows developers to interact with the database using a browser,
making it easy to manage and manipulate data.

4 https://couchdb.apache.org/ (Accessed 24 April 2023).
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Data connection services should also be developed to enable seamless access to the required datasets. Each
connection service should provide data in a way that satisfies specifications and standards included in the data
collection protocol (Section 5). Taking into consideration the fact that the BIOTRAILS data repository will be
probably collecting both qualitative and quantitative data, it is necessary to design and implement data
connection services enabling seamless access to the required datasets.

Implementing data connection services involves developing and deploying software services that allow the
project team to access and retrieve data from various sources in a seamless and standardised manner. These
services should be designed to meet the specifications and standards defined in the data collection protocol to
ensure consistency and compatibility with other components of the system. Moreover, these data connection
services need to be designed to handle both qualitative and quantitative data. For quantitative data, the data
connection services should be designed to handle structured data that can be stored in a relational database or
a NoSQL database. These services should be designed to ensure that the data is properly formatted and stored,
and that it can be easily accessed and queried. Similarly, for qualitative data, the data connection services should
be designed to handle semi-structured and unstructured data, which may include text, audio, or video data. These
services should be designed to ensure that the data is properly formatted and stored, and that it can be easily
accessed and searched. To develop these services, the BIOTRAILS project team considers the technical
requirements for connecting to different data sources, such as databases, APIs, and file systems. There are several
alternatives for integrating and maintaining incoming datasets, including (Jia, Y., Jiang, J., & Chen, J. 2019):

1. Manual integration: Manually entering data is suitable for small datasets or one-time data imports. It
involves manually inputting data from various sources into a system or database using tools such as
Microsoft Excel or Google Sheets. While it is straightforward, it can be time-consuming and prone to
human errors.

2. File import/export: This approach involves importing data from files (such as CSV, Excel, or XML) into a
system or exporting data from a system into files. It allows for batch processing and can be automated.
However, it may not be suitable for real-time data integration.

3. Scripted integration: This is another alternative for integrating incoming datasets. It involves creating
custom scripts or code to handle the data integration process. This approach is using programming
languages such as Python or R to automate the integration process.

4. Application Programming Interface (API) Integration: APl integration involves exposing and consuming
APIs to connect systems. APIs define the methods and protocols for communication and data exchange
between applications. This technique allows for real-time integration, standardised data formats (e.g.,
JSON or XML), and automation. APIs can be RESTful, SOAP-based, or use other protocols like GraphQL.

The security and authentication requirements for accessing these data sources, as well as any performance and
scalability considerations has also been taken into account. Once all the technical requirements have been
defined, we can proceed with the design and development of the data connection services. This may involve
developing custom connectors and adapters for different data sources, as well as implementing data caching and
optimisation strategies to improve performance. In addition, it is important to test and validate the data
connection services to ensure that they are working effectively. This may involve running a series of tests to certify
that the services are properly connected, that the data is being stored and accessed correctly, and that the services
are able to handle the expected volume of data. However, as more data become available, it might be necessary
to modify the data connection services, so that new data sources and formats can be handled. Therefore, the
design and implementation of data connection services is also an iterative process, involving certain adjustments
and modifications as the project progresses.
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Once the data connection services have been designed and implemented, the next step is to structure and store
the collected data in appropriate data warehouses/architectures. As mentioned earlier, BIOTRAILS will be
collecting a large amount of heterogeneous data, including qualitative and quantitative data. To handle this data
effectively, it is important to structure and store it in a way that ensures that it is easily accessible and query able,
while also ensuring that it is properly maintained and secure. Thus, structuring data is an essential step in
developing a data repository. As already explained, a data repository is a centralised location for storing and
managing data from different sources and in different formats, with the goal of making it easily accessible and
reusable for various applications and analyses. To make the data in the repository easy to manage and retrieve,
it needs to be structured in a consistent and logical way.

While developing the BIOTRAILS data repository, we need to consider the types of data that will be stored in the
repository, as well as the needs of the users who will access the data. For this reason, a data model that defines
the entities, attributes, and relationships between the different types of data might be necessary. In addition, as
part of this step we should also define standards for data formatting and documentation, to ensure that the data
is organised and labelled in a consistent way. Once the data model has been created and the standards for
organising the data have been clearly defined, we can proceed with populating the repository with data. At this
stage, data cleaning (Section 5.2.2) and transformation (Section 4.2.1) should be performed to ensure that the
data is accurate and consistent before it is added to the repository.

6.3.1 Data modelling

Data modelling is a key aspect of structuring data. It involves creating a conceptual, logical, and/or physical
representation of data, which helps to organise information and establish relationships between data elements.
By creating a data model, we can identify the entities, attributes, and relationships that are needed to describe
our data, and map out how they should be organised in a database or other data storage system.

The data model serves as a blueprint for the actual implementation of the database, and helps to ensure that
data is consistent, accurate, and easy to manage and retrieve. In addition, data modelling makes it easier for
developers, researchers and other stakeholders to view and understand relationships among data in a database
or data warehouse. Furthermore, with data modelling we can minimise errors in software and database
development; increase consistency in documentation; improve application and database performance; ease data
mapping; and finally facilitate the process of database design at the conceptual, logical and physical level®.
Therefore, data modelling is an important step in the process of structuring data. Once the appropriate data
warehouses/architectures have been selected, the data can be structured and stored in a way that ensures that it
is easily accessible and query able. This may involve designing data models and schemas that ensure that the
data is properly organised and stored in a way that is compatible with the chosen data warehouse/architecture.
It is important to note that structuring and storing data is an ongoing process, and may involve making
adjustments and modifications as the project progresses. As more data becomes available, it may be necessary
to modify the data models and schemas to ensure that the data is properly organised and stored in a way that
supports the project's objectives. Additionally, it is important to ensure that the data is properly maintained and
secure, and that appropriate data backup and recovery measures are in place.

4 https://www.ibm.com/topics/data-modeling (Accessed 15 April 2023).
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Once the data has been collected and stored in the appropriate data warehouses/architectures, it is important to
define and implement data connection services to enable seamless access to the required datasets. Data
connection services are software components that provide access to data sources, such as databases, data
warehouses, or data lakes. They typically provide a set of Application Programming Interfaces (APIs) that allow
applications to connect to the data sources and retrieve data. In the context of the BIOTRAILS data repository,
data connection services may include:

o APl endpoints: These are web services that allow external applications to query the BIOTRAILS data
repository and retrieve data. These endpoints should be designed with security in mind, to ensure that
only authorised users can access the data.

o Data connectors: These are software components that allow external applications to connect to specific
data sources, such as databases or data warehouses. These connectors may need to be customised to
meet the specific requirements of the BIOTRAILS data repository.

o Data import/export tools: These are software tools that allow data to be imported into the BIOTRAILS
data repository from external sources, or exported from the repository to external systems. These tools
should be designed to ensure that data is properly formatted and validated before it is
imported/exported.

The data connection services should be designed to conform to the specifications and standards that are included
in the BIOTRAILS data collection protocol. This may involve defining specific data formats, metadata standards,
and API protocols that are used to communicate with the data connection services. Overall, defining and
implementing data connection services is a critical step in ensuring that the BIOTRAILS data repository is
accessible to external applications and users. By providing these services, the project can enable researchers and
stakeholders to access the data and use it to support their own research and decision-making processes.

APIs are an important tool for enabling seamless access to large and heterogeneous datasets since they can
provide a standardised way for different software applications to communicate and exchange data. By using APlIs,
we can access and integrate data from different sources even if we do not know the underlying data structures or
file formats. Thus, APIs can be used in a variety of ways to enable seamless access to datasets. Moreover, data
providers can develop APIs that enable other researchers and institutions to access and query their datasets. These
APIs can be designed to return data in a variety of formats, making it easier for users to integrate data into their
own workflows. In addition, data aggregators can use APIs to collect data from multiple sources and combine it
into a single dataset. This can reduce the complexity of integrating heterogeneous data and enable users to access
a larger and more comprehensive dataset.

7.1.1 API Protocols

There are several API protocols that are commonly used in software development. The list below includes some
of the most popular protocols we are considering:

1. Representational State Transfer: REST is a widely-used protocol for building APIs that use Hypertext
Transfer Protocol (HTTP) requests to access and manipulate data. REST APIs are stateless, meaning that
the server does not store any session data. Instead, each request from the client contains all the
information necessary to complete the request.
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2. Simple Object Access Protocol: SOAP is an XML-based protocol for exchanging data between applications
over a network. SOAP uses a standardized message format and supports a range of communication
protocols, including HTTP, SMTP, and TCP.

3. GraphQL: GraphQL is a query language and runtime for building APIs that was developed by Facebook.
GraphQL allows clients to specify exactly what data they need, reducing the amount of data that needs
to be transferred over the network.

4. gRPC: gRPC is an open-source remote procedure call (RPC) framework that was developed by Google.
gRPC uses protocol buffers as its message format and supports multiple programming languages.

5. WebSockets: WebSockets is a protocol for creating real-time, two-way communication between a client
and server over a single, long-lived connection. WebSockets are commonly used for applications that
require real-time updates, such as chat applications and online games.

6. Message Queuing Telemetry Transport: MQTT is a lightweight messaging protocol that is commonly used
for loT (Internet of Things) applications. MQTT allows devices to publish and subscribe to messages,
enabling communication between devices with limited processing power and bandwidth.

Overall, the choice of API protocol depends on the specific requirements of the application and the preferences
of the development team. REST is currently the most widely-used protocol for building APIs and the protocol of
preference of the BIOTRAILS project, but other protocols such as SOAP, GraphQL, gRPC, WebSockets, and MQTT
may be more suitable for certain applications.

7.1.1.1 How REST APIs work

At a very basic level, an APl is a mechanism enabling an application or service to access a resource within another
application or service. The application or service doing the accessing is called the client, whereas the one
containing the resource is called the server. REST is the preferred protocol for building APIs in BIOTRAILS since it
can be developed using virtually any programming language supporting a variety of data formats which
particularly important for the purposes of this project. However, it is required that they align to the following six
REST design principles (Table 6), also known as architectural constraints:

Table 6: REST Design principles?.

REST design principles
- All API requests for the same resource should look the same,
- The REST API should ensure that the same piece of data, such as the
Uniform interface name or email address of a user, belongs to only one uniform resource
identifier (URI).

- Resources shouldn’t be too large.

- client and server applications must be completely independent.
Client-server decoupling - client application should only know the URI of the requested resource.

- aserver application shouldn't modify the client application.

- each request needs to include all the information necessary for

Statelessness processing it.
- REST APIs do not require any server-side sessions.

4 https://www.ibm.com/topics/rest-apis (Accessed 25 April 2023).
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- Server applications aren't allowed to store any data related to a client
request.

- resources should be cacheable on the client or server side (when
possible).

- calls and responses go through different layers.

- Shouldn't assume that the client and server applications connect
directly to each other (different intermediaries in communication
loop).

- REST APIs usually send static resources, but in certain cases, responses

Code on demand (optional) can also contain executable code. In such cases, the code should only

run on-demand.

Cacheability

Layered system architecture

REST APIs utilise HTTP requests to perform CRUD operations (create, read, update, delete) on resources, similar
to how a web browser interacts with a website. The APl employs HTTP methods such as GET, POST, PUT, and
DELETE to handle these actions (Figure 5). For example, a REST APl would use a GET request to retrieve a record,
a POST request to create one, a PUT request to update a record, and a DELETE request to delete one. It should be
noted that all HTTP methods can be used in APIs calls. The data format for communication can vary, with JSON
being a popular choice due to its readability for both humans and machines. Other formats like HTML, XML,
Python, PHP, or plain text can also be used.

[
DB data

GET NMasks - display all tasks

POST  Aasks - create a new (ask
GET Masks/id} - display a task by ID
PUT MtasksHid} - update a task by ID
DELETE /tasks/{id} - delete a task by |D

Client
Figure 5. REST AP/

Request headers and parameters also play a crucial role in REST API calls, as they contain essential information
such as metadata, authorisations, URIs, caching, cookies, and more. Request headers and response headers, along
with conventional HTTP status codes, are used within well-designed APIs.

Another method we will use to upload and share data with a data connector is Comma Separated Values (CSV)
files. CSV files are a commonly used format for storing and sharing tabular data. The specific method used will
depend on the data connector being used, the size and format of the data, and the desired level of security and
accessibility. There are several methods to upload and share CSV files with a data connector, including:

1. Manual upload: This method involves manually uploading the CSV files from a local computer to a cloud-
based storage service such as Dropbox, Google Drive, or Amazon S3 or directly to the data connector.
The files can then be accessed by the data connector and used to update or populate a database.
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2. APIs: Many data connectors provide APIs for uploading CSV files programmatically. This method is
particularly useful when dealing with large datasets or when automated data transfers are required.

3. File Transfer Protocol (FTP)/Secure File Transfer Protocol (SFTP): CSV files can be uploaded to a remote
server using an FTP client or a command-line interface. This method is useful for transferring large CSV
files or when the data connector is hosted on a remote server.

4. Cloud-based data warehouses: Cloud-based data warehouses, such as Amazon Redshift or Google
BigQuery, provide a platform for uploading and managing large CSV files. CSV files can be uploaded using
a variety of methods, including APIs and direct database connections.

In BIOTRAILS, we intend to offer the CSLs and other stakeholders the option of manually uploading and
downloading data through the Graphical User Interface (GUI) that will be designed and developed as part of WP4
‘Tools for Transformative Change’. As a result, the project's data repository may be accessed in a more user-
friendly and less technical way.

To sum up, there are several methods for uploading and sharing CSV files with a data connector, and the method
used will depend on the specific requirements of the BIOTRAILS project and the capabilities of the data connector
being used.
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8 CONCLUSIONS

The overall aim of this report was to document the data collection protocol, which involves creating a detailed
document that outlines the data requirements, collection methods, quality control procedures, storage and
management procedures, and other relevant information. This document should be reviewed and updated
regularly to ensure that it remains relevant and effective.

A data collection protocol is an important element that should be considered during the development of any data
repository, as it helps to ensure that the data being collected are compatible with the repository's structure and
format. It also ensures that the data are properly documented, including metadata and other necessary
information, to facilitate data discovery, access, and reuse. The data collection protocol defines the scope of the
data repository, the data requirements, and the data sources. It also provides guidelines on the collection methods
and tools to use, including data quality checks, standardisation, and validation. The protocol ensures that the data
collected is fit for purpose, and that the data repository is designed to meet the project's needs.

Once the data repository is in place (M32), we will ensure that it can perform large-scale querying and complex
analysis. This involves developing appropriate data analytics tools and ensuring that the system can handle the
processing and analysis of large datasets.

The development of the data collection protocol and data repository in BIOTRAILS, is critical to enable the
seamless access to required datasets, which will be used to achieve the project's objective to generate knowledge
and develop tools to facilitate transformative change for biodiversity.

Fundady BIZ“TRAILS

the European Union

45



D3.1 — BIOTRAILS data repository (A)

Babbie, E. (2016). The basics of social research. Cengage Learning.

Baca, Murtha. (2016). ‘Introduction’. Introduction to Metadata. Ed. Murtha Baca. 3rd ed. Los Angeles: Getty P,. Accessed 11
April 2023 <http://www.getty.edu/publications/intrometadata/introduction/>.

C. A. Heaney and R. A. Walker. (2011). 'Developing a data collection protocol: A case study’, Journal of Research Practice, vol.

7, no. 2.

Chondrogiannis, E.; Andronikou, V.; Karanastasis, E.; Varvarigou, T. A. (2019). Novel Approach for Clinical Data Harmonization.
In Proceedings of the 2019 IEEE International Conference on Big Data and Smart Computing (BigComp), Kyoto,
Japan, 27 February-2 March 2019; IEEE: Piscataway, NJ, pp. 1-8.

Creswell, J. W. (2014). Research design: Qualitative, quantitative, and mixed methods approaches. Sage Publications Ltd.

Jia, Y., Jiang, J., & Chen, J. (2019). A survey on data integration: from theory to practice. International Journal of Distributed
Sensor Networks, 15(6), 1550147719855756.

Kelleher, J. D., & Tierney, B. (2018). Data Science: An Introduction. Chapman and Hall/CRC.
Kumar, R., (2019). Research methodology: A step-by-step guide for beginners. Sage Publications Ltd.

Kumar, Dr K Ramesh & N, Monica. (2013). Survey on Big Data by Coordinating Mapreduce to Integrate Variety of Data.
International Journal of Science and Research. 2(11), 427-432. Accessed 11 April 2023
https://www.researchgate.net/publication/266557067_Survey_on_Big_Data_by_Coordinating_Mapreduce_to_|
ntegrate_Variety_of_Data.

Kumar, G, Basri, S,; Imam, A.A,; Khowaja, S.A,; Capretz, L.F.; Balogun, A.O. (2021) Data Harmonization for Heterogeneous
Datasets: A Systematic Literature Review. Appl. Sci., 11, 8275. https://doi.org/10.3390/app11178275.

Liu, J., Hull, V., Batistella, M., DeFries, R, Dietz, T., Fu, F., Hertel, T. W,, Izaurralde, R. C., Lambin, E. F., Li, S., Martinelli, L. A.,
McConnell, W. J., Moran, E. F,, Naylor, R, Ouyang, Z.,, Polenske, K. R, Reenberg, A, de Miranda Rocha, G.,
Simmons, C. S, ... Zhu, C. (2013). Framing Sustainability in a Telecoupled World. Ecology and Society, 18(2).
http://www.jstor.org/stable/26269331.

Lopes, P.; Bastiao, L.; Oliveira, J.L. i2x. (2015). An Automated Real-Time Integration and Interoperability Platform (Short Paper).
In Proceedings of the 2015 IEEE 8th International Conference on Service-Oriented Computing and

Applications (SOCA), Rome, Italy, 19-21 October 2015; IEEE: Piscataway, NJ, USA, pp. 26-30.

Michener, W. K., Brunt, J. W., Helly, J. J., Kirchner, T. B,, & Stafford, S. G. (2012). Nongeospatial metadata for the ecological
sciences. Ecological Applications, 22(8), 2378-2392. doi:10.1890/11-2010.1.

Souza, A, Pereira, J,; Oliveira, J,; Trindade, C,; Cavalcante, E.; Cacho, N,; Batista, T.; Lopes, F. (2017). A data integration approach
for smart cities: The case of natal. In Proceedings of the 2017 International Smart Cities Conference (ISC2),
Wauxi, China, 14-17 September 2017; IEEE: Piscataway, NJ, USA, pp. 1-6.

Wilkinson, M. D., Dumontier, M., Aalbersberg, |j. J., Appleton, G., Axton, M., Baak, A.,.. Mons, B. (2016). The FAIR Guiding
Principles for scientific data management and stewardship. Scientific Data, 3, 160018.
doi:10.1038/sdata.2016.18.

Funded by B I ’ T RA I LS

the European Union

46



D3.1 — BIOTRAILS data repository (A)

47

ANNEX I: QUESTIONNAIRE TO ASSESS THE DATA NEEDS PER MODEL/METHOD

BI“TRAILS

BIOTRAILS Tools and Methods for better Understanding the Impact of Indirect Drivers

What kind of data you will need the repository to collect? (ie.
climatic data; demographic data; previous policies; ete)

2 |What is the source of the data you need to use?
3 What is the type of the data you want to exploit? (Images,
Vlideos, Raw/Tabular data, Do not know, ...)
4 |What is the data format? (txt, csv, xls, png, ..)
5 What is the privacy level of the data you want to usefexploit?
(Private, Public, Do not know, ...}
Would you like services to provide real-time data processing or
& | batch data processing on the datasets? (Real-time, batch, Do
not know)
" Can you give an estimation of the size of your data (e.g. 1GB
per dayfmoenth/year)
8 What is the frequency of your data? (How often will the data be
updated?)
° Which are the software systems/ IT tools/ Apps/ Technologies
involved?
10 What is the method you plan to use in order to share any data

with the data collector? (API, data upload, other)
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BI“TRAILS

BIOTRAILS Tools and Methods for better Understanding the Impact of Indirect Drivers

St SausionModeling (UA) | uRTERSENS Xiies o Conumer eV (GNRF) | Faritpton Systams oy Maseling G

What kind of data you will need the repository to collect? (i.e.
climatic data; demographic data; previous policies; ete)

What is the source of the data you need to use?

What is the type of the data you want to exploit? (Images,
Videos, Raw/Tabular data, Do not know, ...)

What is the data format? (txt, csv, xls, png, ...}

What is the privacy level of the data you want to uselexploit?
(Private, Public, Do not know, ...)

Weuld you like services to provide real-time data processing or

batch data processing on the datasets? (Real-time, batch, Do
not know)

Can you give an estimation of the size of your data (e.q. 1GB
per day/menthfyear)

What is the frequency of your data? (How often will the data be
updated?)

Which are the software systems/ IT tools!/ Apps/ Technologies

involved?

10

What is the method you plan to use in order to share any data
with the data collector? (API, data upload, other)
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ANNEX II: QUESTIONNAIRE TO ASSESS THE DATA NEEDS/USE PER CASE STUDY

BI“TRAILS

e B e D e e e e e

What kind of data you will need the repository to collect?

(i.e. climatic data; demographic data; previous policies; etc)

What kind of data you already have available?

What is the source of the data you need to use?

What is the type of the data you want to exploit? (Images,
Videos, Raw(Tabular data, Do not know, ...)

What is the data format? (txt, csv, xls, png, ....)

What is the privacy level of the data you want to usefexploit?
(Private, Public, Do not know, ...)

Would you like services to provide real-time data processing

or batch data processing on the datasets? (Real-time, batch,
Do not know)

Can you give an estimation of the size of your data (e.q. 1GB
per day/monthfyear)

What is the frequency of your data? (How often will the data
be updated?)

10

Which are the software systems/ IT toolsf Apps/ Technologies

involved?

n

What is the method you plan to use in order to share any
data with the data collector? (AP, data upload, other)
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