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1. THE “CZ VRE” — WP 8 TASK 8.1

Most critical issues currently faced by our society involve key environmental challenges.
Pollution, land use and climate changes, and their impacts on biodiversity and ecosystem
integrity must be addressed urgently, providing knowledge and quantitative data useful to
define strategies and policies to mitigate them. For studying the entire Earth System, a multi-
disciplinary approach, combining field and lab measurements, data analysis and modelling
tools across all the environment domains, is fundamental. To achieve this functional and
integrated approach, national nodes from different research infrastructures (RIs) agreed to
work for a thematic and comprehensive network in the fields of the geo and environmental
sciences.

The main focus of the ITINERIS WP 8 Task 8.1 is the creation of the CZ VRE, i.e. a
Virtual Research Environment (VRE) containing the information from the Critical Zone
observatories (CZOs) active in Italy and abroad and managed mainly by Italian research
teams.

The Critical Zone (CZ) represents the thin layer between the unweathered bedrock and the
top of the vegetation canopy where “rock meets life”” (Giardino & Houser, 2015). According
to this definition, the CZ includes rocks, soil, water, microbiota, vegetation and fauna, the
services they provide to humankind, all the processes supporting terrestrial ecosystems and
the soil-vegetation-atmosphere interactions (Ashley, 1998).

As such, CZ is a fully trans-disciplinary topic which needs to be collectively addressed by a
network of intercommunicating observatories providing shared models.

The CZ VRE aims at integrating data, tools for data visualization and analysis, and
modelling services in a web-based (e-Science) platform that allows researchers to access and
analyse data from different observation sites (CZOs), and to share data and models with
other researchers and stakeholders.

1.1 The Virtual Research Environment and the D4Science e-Infrastructure

A Virtual Research Environment (VRE) is an e-Science environment built to support the
principles of Open Science and data FAIRness (data which meet the principles of findability,
accessibility, interoperability, and reusability). The goal of a VRE is to enhance
collaboration among researchers to find appropriate solutions and address specific scientific
and/or management questions (Assante et al., 2019, 2023). Thus, to simplify the concept of
VRE, we could say that it is not a “simple” repository. In fact, VREs require not only the
collection and harmonization of data, but also the collection and development of analysis
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tools, modelling solutions and graphical tools. VREs design and creation in general follow
some simple steps that can be summarized as follows:
- identification of questions (and/or gaps) and stakeholders potentially interested in the
issue underlying the VRE;
- collection and harmonization of validated datasets, modelling solutions, analysis and
graphical tools;
- development of new data, knowledge and solutions to address specific scientific and/or
management questions;
- definition and collection of the metadata to improve data FAIRness.

The VRE implementation was carried out using the D4science e-Infrastructure
(https://www.d4science.org, last access: 25/09/2024). D4science is an organization, hosted
by the Istituto di Scienza e Tecnologie dell'Informazione “A. Faedo” of the National
Research Council of Italy (ISTI, CNR), which offers a data infrastructure since the last 10
years. D4Science data infrastructure consists of a network of hardware and software
resources (e.g., databases, services, machines) and is managed by a team of Information and
Communication Technology (ICT) professionals and researchers having as main objective
the infrastructure maintenance, updating, operation and support for users. The infrastructure
relies on the gCube technology (https://gcube.wiki.gcube-system.org/gcube/About_gCube,
last access: 26/09/2024), that is an open-source software toolkit specifically conceived for
the construction and development of VREs (Assante et al., 2019). Currently, D4Science
hosts 20 different gateways (https://services.d4science.org/thematic-gateways, last access:
26/09/2024) and 176 active VREs with a total of more than 24k users worldwide (Aug. 2024;
Figure 1).

D4Science user base
25000

20000
15000
10000

5000

2018 2019 2020 2021 2022 2023 2024

Figure 1. D4Science infrastructure supports collaborative Science and the sharing of expertise with the creation of VREs.
The histogram shows the increase of D4Scierce users since 2018 (Aug. 2024).

The use of the D4Science infrastructure thus enhances the effectiveness of the Open Science
approach, supporting collaborative science and the sharing of competences with the creation
of VREs (Assante et al., 2019).

The CZ VRE development, powered by the D4Science infrastructure is based on the needs
of the scientific communities and the specific stakeholders identified by researchers. Based
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on the identified needs, the D4Science team supports researchers on the implantation and/or
development of new packages, functions and tools.

The following sections will be focussed on some tips and suggestions for the use of the CZ
VRE in general and on some specific brief user guides describing specific CZ VRE tools.

1.2 The design of the “CZ VRE”

The design and development of a Virtual Research Environment (VRE) dedicated to the CZ
is the fundamental part of the ITINERIS WPS, Task 8.1 project (funded by EU — Next
Generation EU PNRR, Mission 4 “Education and Research” — Component 2: “From research
to business” — Investment 3.1: “Fund for the realisation of an integrated system of research
and innovation infrastructures™).

LifeWatch ERIC, ICOS ERIC, SIOS and eLTER RI are the reference infrastructures of the
Critical Zone Virtual Research Environment (CZ VRE). The main stakeholders of the CZ
VRE were identified as conservationists and managers of protected areas, together with the
scientific community interested in the analysis of the complex processes involved in the CZ
dynamics.

In general, the main sources (in terms of data and metadata) feeding CZ VRE are (i) the
IGG-CNR Critical Zone Observatories which provide measurements from automated and
portable accumulation chambers and eddy covariance stations, and data from
instrumentation deployed by specific projects such as IDROCZ and WinterCZ (cf. Table 1
for a list of currently available datasets); (i) the Copernicus and MODIS services for
metadata and data acquisition procedures.

The CZ VRE contains different types of products, in terms of codes in different
programming languages (e.g., R and Python), open-source applications and models (e.g.,
Maxent, OGGM) and of web application for creating and sharing computational documents
(e.g., Jupyter Notebook) (Table 2).

Environment Site Instrument Data type N records

CO, flux, vegetation class,
atmospheric pressure, soil volumetric
Portable water content, soil temperature, air 496
chamber temperature, air relative humidity, (248 paired)
solar irradiance, green fractional
cover

Arctic Ny Alesund

CO; flux, atmospheric pressure, soil
volumetric water content, soil
.. . Automated . .
Semi-arid Pianosa temperature, air temperature, air 29,768
chambers . .. . L
relative humidity, wind direction,
wind speed, rain gauge
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Lauson Portable
chamber
Lavasse Portable
y chamber
Forni Portable
chamber
. Portable
Nivolet chamber
Nivolet Automated
chambers
Nivolet Edfiy
covariance

CO; flux, atmospheric pressure, soil
volumetric water content, soil
temperature, air temperature, air
relative humidity, solar irradiance

CO; flux, atmospheric pressure, soil
volumetric water content, soil
temperature, air temperature, air
relative humidity, solar irradiance

CO; flux, atmospheric pressure, soil
volumetric water content, soil
temperature, air temperature, air
relative humidity, solar irradiance

CO; flux, atmospheric pressure, soil
volumetric water content, soil
temperature, air temperature, air
relative humidity, solar irradiance

CO; flux, H.O flux, atmospheric
pressure, soil volumetric water
content, soil temperature, air
temperature

CO; flux, air temperature, air relative
humidity, wind direction, wind
speed, maximum wind speed, wind
direction

168

79

97

7,180
(3,590
paired)

3,550

2,008

Table 1. Main sources (in terms of data and metadata) for the CZ VRE are the IGG-CNR Critical Zone Observatories
(CZOs). In particular, the table contains a synthesis of the variables measured by the IGG-CNR group in different

environments and currently available at present in the CZ VRE.

Programming Data type
Product e ) Product type
. . OGGM - Open Global Glacier Model

Software Python Glacier outlines (Maussion et al., 2019)

Code R Eddy covariance Vlsgallzatlon of time series of CO; fluxes and
environmental variables

Code R Glacier outlines ngh-re.s prediction of soil temperature in
proglacial areas

Code R Portable chambers ~ Non-linear modelling of CO; fluxes

Code R Portable chambers Visualization of spatial trends in CO, fluxes
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Automated
chambers

Smoothing and visualization of time series of
CO; fluxes

Bayesian Methods, Feed Forward Neural
Network Trainer and Regressor

Ecosystems: Habitat Representativeness Score
Geo Processing: BIMAC

Machine Learning Methods: Support Vector
Machines Modelling

Occurrences Obis Data Retrieval

Interactive tools for data visualization and
processing

Table 2. Main types of products in terms of codes and software implemented and/or available in the CZ VRE. “Data type
(original)” refers to the data the code / software was originally conceived for.

2. USER GUIDE ON THE “CZ VRE”

2.1 Access to the VRE

A specific section of the ITINERIS Project website will be devoted to the ITINERIS Hub
(https://itineris.cnr.it/itineris-hub/, last access: 25/09/2024). The ITINERIS Hub will be the

unique access point to all the services, facilities, tools and datasets collected and provided
by the Italian RIs in the environmental domains (Figure 2). The Hub is conceived as a sort
of “unique comprehensive catalogue” where researchers will also publish the VREs
metadata and users will be able to access the ITINERIS VREs Gateway.
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@ITINERIS

Welcome to the ITINERIS HUB

@ ITINERIS Catalogue

% ITINERIS Access Platform

° ITINERIS Data Hub

ITINERIS Virtual Research Environment (VRE)

ITINERIS Training Centre

Figure 2. View of the screen of the ITINERIS Hub (https://itineris.cnr.it/itineris-hub/, last access: 25/09/2024).

The D4Science infrastructure allowed to create a unique Gateway to access multiple VREs:
the ITINERIS VREs Gateway (https://itineris.d4science.org/, last access: 25/09/2024;
Figure3a). D4Science is equipped with an Identity and Access Management (IAM) system.
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Itineris 7 puscience
English v

Sign in to your account

ITINERIS VRE Gateway

italian Integrated Environmental Research
res System

Linkedin

Twitter

CNRASTI

vvvvvv by /) DASCIENCE ‘

PIANO NAZIONALE DI RIPRESA E RESILIENZA (PNRR) MISSIONE 4, COMPONENTE 2, INVESTIMENTO 3.1 “Fondo per la realizzazione di un sistema
infrastrutture di ricerca e innovazione” , Project code IR0000032

Figure 3. a) View of the screen of the ITINERIS VREs Gateway. b) View of the screen of the sign-in page where the user
can insert the username and the password or select one of the different methods available for login. For the creation of a
new D4Science account, the users can select the “Register” button and proceed.

After the login with the D4Science’s username and password or selecting another method
for the login (by using existing accounts, e.g., ORCID, GitHub, Google, LinkedIn;
Figure3b), the VREs will be available and accessible. In particular, multiple teams of the
ITINERIS WPS, with a high level of trans-disciplinarity, are working on the development
of several thematic VREs [e.g., Critical Zone (CZ VRE); Aquatic Biomass services
(BIOMASS VRE); Essential Variables (EV VRE); Aerosol-biosphere (AERO VRE);
Carbon Cycle services (CARBON VRE); Indicators and Impacts of Climate Change
(CLIMA VRE); Downstream Effects of Environmental Change (DOWNSTREAM VRE);
Isotope Database (ISOTOPE VRE)].

Once the users have identified the VRE they are interested in, they can click the button
“Request Access” (Figure 4) and confirm the request after stating a motivation for accessing
to the VRE (this represents a mandatory field).

Each VRE has moderators and managers who can review the access requests. In general, in
a brief time (typically within a few hours) the user receives a notification via email about the
outcome of the request.
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Welcome tothe ITINERIS VRE Gateway.

My Vitual Rezearch Environments

e —}~

Request a VRE

untano allistanza GeoServer del VRE che ospt

ITINERIS VREs
A=RO IMA
V IR= il AnaEE @éﬂCL
z —r EfiC YO @iminzais
@ITINSRIS
ITINERIS_AERO ITINERIS_AnaEE ITINERIS_Carbon ITINERIS_Clima ITINERIS _Critical...
P . . po— P— . [ e i i ] o)
\Y
V'R = ‘ @
rnaa ‘
(_ Nisotopes
ITINERIS Downstre... ITINERIS_EV ITINERIS IsotopeVRE

Figure 4. a) Panel on the top shows how the users can see their gateway after the login. On the left the panel “My Virtual
Research Environments” allows to add one or more VRE(s) by clicking on the button “+” (“Add More”). b) By clicking
on “Add More”, the users can start to see the VREs available. Once the users have identified the VRE they are interested
in, they can click the grey button “Request Access” and confirm the request after stating a motivation for accessing to the

VRE (this represents a mandatory field).

2.2 Primary services of the CZ VRE: the workspace and the social network board

The primary services offered by the CZ VRE are a workspace with high computing
capabilities, a shareable folder system, and a social networking board system. In particular,
these basic elements are described below.

The VRE is equipped with an area for data collection with Collaborative Storage Framework
and a collaborative workspace that promotes teamwork and offers the opportunity to share
digital objects. In particular, the “workspace” is an exceptionally reliable, distributed, online
file system that allows one to upload files, create private folders, share folders with specific
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colleagues, publish folders, share data, and directly publish data in a catalogue. The VRE
users will find (named with the name of the user: “USER’s workspace™) a space named
“VRE Folders” in their workspace, identified by a white star on the icon of the folder. Files
and digital objects added or created in the VRE folders are automatically shared with the
other VRE’s members. Users also can make use of a restricted area; folders and/or files in
this area are private, unless the user shares them. To share folders and/or files, users must
use the share option (Figure 5) and select the user(s) to share with and the adequate sharing
policy (Figure 6). The selectable policies (“Permission”, Figure 5) are three: Write Any (all
users can modify all files), Read Only (users other than the owner can only read files), and
Write Own (all users can create files but only modify files they own). These three different
options are also identified by different icons (Figure 6).

BITINERIS

@ How-to

Q

Q
4@ sionssvorspace

A 7 B m () [+ B
+ B3 VRE Foers h Delete Rename Move Open  Get Shareable Link  Upload Ar
B AnaicsLab Owner Type Last Update

4 [} ITINERIS_CriticalZoneVRE SIMONA GENNARO text/plain 15 Mar 05:42 PM 2024

B3 ARCTIC env
SIMONA GENNARO Folder 21 Mar 10:52 AM 2024

I3 Biodiversty and Ecosystem Experiments,
B codes 1 GO Get Shareable Link Silvio Marta Shared Folder 22 Apr 09:21 AM 2024
B veetngs £ History

1B MOUNTAIN.env
B3 sevaRID_env
B WETLAND.env

I ITINERIS_isctopeVRE

3 Resourcecatogue

SIMONA GENNARO

Paolo Di Giuseppe

SIMONA GENNARO

SIMONA GENNARO

application/x-sh

16 May 01:47 PM 2024
18 Jun 03:22 PM 2024
24 Sep 03:40 PM 2024

21.Jun 05:38 PM 2023

B3 sosgpatatan
I oatattner

13 o conpex
B TINERIS Tempiate
B m_cz e

| @yupioad iels
| B3 upload Archive
| @ypownioad trem

 Refiesh Folder

Figure 5. View of the workspace and of the drop-down menu available by right-clicking on a file or a folder in the private
space.

e e
L ¥ Group dragging contacts
SIMONA GENNARO wtpan | g

25, Share folder: my_CZ VRE

wressy | SMONA GENNARO
Folder Name: my_CZ_VRE shared wiih
Owner: SIMONA GENNARO VRE 2
ShaBWN | [<;vona GENNARO) All Contacts Share with.
users
Filter All Gontacts i Fiter Share with
Addmore  Choose Contacts
Name * Type Name * Type

Description

>

»

L) L] s ‘ <
<<
ok Gancel

Figure 6. View of the “Share folder” window. At the bottom of this window, the user can select permissions. By clicking
on “Choose Contacts” in the “Share folder” window, the user can access the window named “Group dragging contacts”,
where the users can manage the selection of the contacts.
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The social networking board system integrated into the VRE allows the exchange of
messages between users. The board (also called “feed”; available by clicking on
“Communication”, see Figure 6) for open discussions allows to share updates, links and files
from the VRE folders. It is also possible to use the “@” symbol to directly mention other
participants, or a tag (“#”) to identify topics and keywords. Members of the VRE can also
reply to a specific post or add a “Like” as reaction. VRE’s members can set specific options
to receive notification (via email and/or on the ITINERIS VRE Gateway) for the social
network board, the workspace, as well as for the catalogue.

2.3 The Spatial Data Services and the Metadata Catalogue of the CZ VRE

About data publishing, the Publishing Framework facilitates the dissemination of research
outcomes by means of the Metadata Catalogue (provided in the framework of the Spatial
Data Services; Figure 7), which helps organising and making research results available to
stakeholders and the broader scientific community.

All data, products and services available in the ITINERIS CZ VRE (e.g. data, codes,
software and/or other types of digital research outputs) should be FAIR - Findable,
Accessible, Interoperable and Reusable (Di Muri et al., 2024). The ITINERIS catalogue,
currently under development, is designed to promote openness principles and
interoperability among the various ITINERIS VRE:s.

The metadata, in general, will facilitate discovery, access, (re-)use, and preservation of data,
codes, software and/or diverse types of digital research outputs. Interoperability in particular
is ensured by the use of existing vocabularies (thesauri) to describe data and facilities. In
particular, for example, for the meteo-climatic variables, the CF Standard Name Table
(https://cfconventions.org/Data/cf-standard-names/current/build/cf-standard-name-
table.html, last access: 26/09/2024) will be used; while the dataset collected by the eddy
covariance facilities used in the CZOs will follow the ICOS (Integrated Carbon Observatory
System;  https://www.icos-cp.eu/) standards and the FLUXNET vocabulary
(https://fluxnet.org/data/aboutdata/data-variables/ and https://fluxnet.org/data/fluxnet2015-
dataset/fullset-data-product/, last access: 25/09/2024).

VRE members can participate in the VRE and can contribute to creating and editing
metadata.

The Metadata Catalogue is powered by GeoNetwork and 1is available at
https://itineris.d4science.org/group/itineris_ criticalzonevre/geonetwork (last access:
30/09/2024). GeoNetwork is an open-source application devoted to managing and searching
spatially referenced resources (https://www.geonetwork.it/, last access: 30/09/2024).

All metadata will be compliant with the standards, i.e. the INSPIRE (Infrastructure for
Spatial Information in Europe) Directive, and the ISO19139 XML scheme implementation.
Moreover, metadata will be compliant with the Italian guidelines as from RNDT 2.0
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(Repertorio Nazionale dei Dati Territoriali 2.0; https://geodati.gov.it/geoportale/manuale-
rndt, last access: 30/09/2024). Considering these metadata standards, the RNDT 2.0 is
necessarily compliant with INSPIRE, but the opposite may not be true (so it is better to stick
to RNDT 2.0 in order to have metadata "automatically" compliant with the INSPIRE
Directive). A set of information that should be included in the metadata record to be
compliant with the standards EU INSPIRE Directive and ISO19139 is reported at the link
https://docs.geonetwork-opensource.org/4.2/annexes/standards/iso19139/  (last  access:

30/09/2024). At this link, a description of the fields that should be compiled can be found.
VRE’s members can access the GeoNetwork spatial data catalogue by clicking on it in the
Spatial Data Services menu (Figure 7a). The metadata catalogue allows to use three specific
tools (Figure 7c): “search”, “makeYourMap” and “contribute”, described in the following.

= Communication 22 Members I Analytics =+ @ RStudio4 = Z JupyterLab 0 Spatial Data ¢

GeoNetwork
GeoServer

© @RStdod = = Jupytertab

Figure 7. a) The panel on the top shows the tools available in the CZ VRE and, in particular, the Spatial Data Services
menu highlighted by a). Letter b) indicates the “Request Support” button. The panel on the bottom shows the general view
of the GeoNetwork Spatial Data Catalogue (https://itineris.d4science.org/group/itineris_criticalzonevre/geonetwork, last
access: 30/09/2024). Here, letter c) evidence some tools available in the GeoNetwork Spatial Data Catalogue (i.e., “search”,
“makeYourMap” and “contribute”).

The “search” button in GeoNetwork allows to search digital objects in the data catalogue by
keywords and/or applying filters for making more specific queries (Figure 8).
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The VRE user can also simply visualize the geospatial data of the CZ VRE by using the
“makeYourMap” tool (Figure 9) and selecting a specific layer (by using the button “view”
— with a “world” icon — visible on the “card” of a specific record, see Figure 8).

Finally, the “contribute” button allows to contribute to the metadata catalogue by adding
new metadata records, importing records, and editing or removing existing metadata (Figure
10 and 11). VRE members may also decide to apply some edits as batch editing.
Operationally, the user can click on “contribute” > “add record” to create a new record
(Figure 11). From the metadata template list, the users should select a template choosing a
group from the dropdown menu available and click “createMetadata” and then they must
complete the fields provided by default in the template and can create an image to illustrate
the record in the search results of the catalogue.

0 - B

what when

,,,,,,,,,

nnnnnnn

Figure 8. View of the “searching” tool of the GeoNetwork Spatial Data Catalogue.

ITINERIS Deliverable D8.12 Pag. 13



Finanziato
dall'Unione europea
NextGenerationEU

# ITINERIS Critical Zone VRE ™ Communication & Members ¥ Analytics » @ RStudio4 = = JupyterLab | ©Howtos =

© (Roviowsr) @ signout

5 ManageLayers

Figure 9. Viewer of the geospatial data with an example of the biodiversity indices produced in the context of the ITINERIS
PNRR Italian project - project code No. IR0000032 - ESFRI Environment: Data harmonization process - Gian Luca Vannini
- PhD Thesis UniPi - Supervisors Prof. G. Brunori, Dott. G. Coro - Supported by D4Science infrastructure.

A ITINERIS Gateal Zone SMemborm I Awiylcs » @ RShxod v = upyled

Figure 10. View of the editing metadata record panel.

g Spatial Data Catalogue Q search @ makeYourMap + contribute v

+ addRecord
O onlyMyRecord  anyPlaceHolder 2, ImportRecord
i= directoryManager
# batchEditing

Figure 11. How to create a new metadata record operationally.

Metadata records can also be created and added in the GeoNetwork Spatial Data Catalogue
by using the GeoServer instance implemented in the CZ VRE

ITINERIS Deliverable D8.12 Pag. 14



*

e Finanziato / \
* * 5 [ &5
x dall'Unione europea N MUR
gk NextGenerationEU

(https://itineris.d4science.org/group/itineris_criticalzonevre/geoserver, last access:

30/09/2024). This is an open-source Java software server which allows users to publish and
share geospatial data using open standards, thus allowing the implementation of some of the
most used Open Geospatial Consortium (OGC) protocols (e.g., Web Map Service - WMS,
Web Feature Service - WFS). The GeoServer instance is not open to all the VRE members,
and it is accessible through a specific login. Enabled VRE members can manage and load
geospatial data via the GeoServer interface by adding and configuring specific workspaces
(only if necessary) to group similar data. Specific documentation on the GeoServer software
interface is available at https://docs.geoserver.org/latest/en/user/ (last access: 30/09/2024).
In general, data associated with the metadata collected in the dedicated catalogue available
at https://itineris.d4science.org/group/itineris_criticalzonevre/geonetwork, can be collected
in this repository based on the GeoServer software and/or in the VRE’s workspace.

2.4 The Analytics Engine Framework of the CZ VRE

The Analytics Engine Framework of the CZ VRE is equipped with instruments for data
analytics. The CZ VRE allows the analysis of datasets, as well as the possibility to create
and share codes, models and research products. In particular, the VRE offers the opportunity
of using and implementing a system of integrated analytical methods (DataMiner) using
integrated web-based interactive development environments (RStudio or JupyterLab) and
integrated importer software on a virtual machine connected to the workspace folder system.
The CZ VRE integrates two versions of RStudio, a Standard (4 Cores / 8G RAM) and a
Large (8 Cores / 32G RAM) one on a RStudio Server (2023.03.0, Build 386, © 2009-2023
Posit Software, PBC). About the JupyterLab, the CZ VRE integrates Python 3.10.11 and
preinstalled modules pandas, gdal, scipy, netCDF4, matplotlib, h5netcdf and other for data
driven research workflows (Default Server - 4 Cores / 16G RAM).

The CZ VRE is also equipped with the Software Algorithm Importer (known as SAI or
Methods Importer) that is, a web interface tool to import new algorithms and scrips.

2.5 The DataMiner and Operators

The DataMiner allows one to use pre-filled operators over data of the workspace.
DataMiner operators are the implementations of the scripts and algorithms once they are
published by the DataMiner and made available. A schematic view of the thematic
organization of DataMiner operators is shown in the Figure 12.
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Figure 12. Thematic organization of DataMiner operators.

Users can publish new ones by submitting their scripts via the Software Algorithm Importer.
To use DataMiner in a shared and collaborative way we use the idea of “experiments”. Each
run of an operator defines an experiment (Figure 13).

# ITINERIS Critical Zone VRE = Communication 2% Members ® RStudio4 =

© How-tos =

= JupyterLab

0 Spatial Data Services =

Access to the Data Space

The data space contains the set of input and output data sets of the L
users. It is possible to upload and share tables. Data sources can be [§;
chosen from those hosted by the infrastructure. Outputs of the

computations can be even saved In this space.

DataMiner

This section allows to execute of prepare an online experiment or
method. The section is endowed with a list of algorithms for

executing models for various application domains

Execute an Experiment 1‘
b

Check the Computations l‘“
This section allows to check the status of the computation. A list of o
processes launched by the user Is shown along with meta

Information. By clicking on the completed Jobs it Is possible to "'! (]
visualize the data set contents.

Figure 13. Panel showing the tools available in the DataMiner implemented in the CZ VRE.

An experiment is determined by its inputs, outputs, computation logs and its provenance.
Each of these components is shared among the users with whom the experiment is shared.
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It is possible to run an experiment and keep track of its input and output data by accessing
the Data Space as shown in the Figure 14.

i Access 1o the 3 « S Checs
DataMiner « £ ] By B co o d ?
o Dot S5 | Lnput Dota Sets
5 Downioad ) Deiete %5 Retesh
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ReferenceHabitatTable_(HABITAT R
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Figure 14. Each experiment produces outputs that can be consulted and shared.

O0eL CritcalZoneVRE

Moreover, as shown in Figure 15, users can view the computation logs and the related
metadata (which are not automated added to the metadata catalogue).
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Figure 15. Each experiment produces computational logs that can be viewed and shared.

The “Execute an Experiment” main feature of the DataMiner allows access to the list of
operators to run individual experiments, each with its graphical interface. Currently, several
operators (Figure 16) are already available on the platform, while others can be added later
via the Software Algorithm Importer to meet the research needs of users.
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Feed Forward Neural Network Regressor
The algorithm simulates a real-valued vector function us nga
trained Feed Forward Artificial Neural Network and returns a

table containing the function actu.

Feed Forward Neural Network Trainer
The algorithm trains a Feed Forward Artificial Neural Network
using an online Back-Propagation procedure and returns the

training error and a binary file con

EcosysTems (1)

¥ OCCURRENCES (2)

Support Vector Machines Modelling
An algorithm to train a Support Vector Machine using Gaussii

Radial Basis Function as kemne!

Support Vector Machines Projector
An algorithm that applies a pre-trained Support Vector Machir

model to a dataset

v

Ecological Niche Modeller
A fully automatic workflow to estimate a species ecological
niche, based on 4 models, i.e., Artificial Neural Networks,

MaxEnt, Support Vector Machines, and

Maxent Ecological Niche Model
A Maximum-Entropy model for species habitat modeling, based
on the impiementation by Shapire et al. v 3.2.3k, Princeton

University. The software accepts a ta

TIME SERIES (1) v

Habitat Representativeness Score
An implementation of the HRS aigorithm by MacLeod 2010
{Published by Gianpaolo Coro (gianpacio.coro) on 2024/10/11

14:28 GMT)

Geo PROCESSING (1) v

Bimac
Bayesian Interpolation Model with Advection-diffusion
Constraint {Published by Gianpaolo Coro (gianpaolo.coro,

on 2023/03/00 15:35 GMT}

Figure 16. DataMiner operators list.

Get Species Occurrences Obis
This algorithm gets species occurrence points from the
Ocean Biogeographic Information System (OBIS) repository

using the species scientific name (input).

Pseudo Absence Generator Obis
Pseudo absence point generator based on OBIS data
statistical analysis. Described in Coro et al. 2016,

Estimating absence locations of marine species from da

Singular Spectrum Analysis
Singular Spectrum Analysis for forecasting and reconstructing
time series. Built and used for the work described in Coro et a

(2018). Analysing and forecas.

Operators use the data stored in the workspace by accessing it directly or via Shareable Link
provided by the workspace system itself (Figure 17).

- Direct Access

- Access by Shareable Link

Select CSV

Figure 17. Data access mode in the workspace.

The current operators in the DataMiner cover a variety of tools that we have used so far in
our experiments. Mainly these tools have been used for ecosystem-type assessments related
to the biodiversity of the critical zone or to reconstruct environmental datasets.
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Bayesian Methods: Feed Forward Neural Network Trainer

The algorithm trains a Feed Forward Artificial Neural Network (Figure 18) using an online
Back-Propagation procedure and returns the training error and a binary file containing the
trained network.

) 1
i/\’\' Feed Forward Neural Network Trainer

The algorithm trains a Feed Forward Antificial Neural Network using an online Back-Propagation procedure and returns the training error and a binary file containing the trained network

ate: (GENERIC) A gen file in UTF-8 encoding]

dataset_test_trainer.csv

net_primary_production
sea_bottom_dissolved_o
sea_bottom_salinity
sea_bottom_temperature
sea_surface_salinity
sea_surface_temperature

! ARRRRRE

sea_bottom_dissolved_o.
sea_bottom_salinity
sea_bottom_temperature
sea_surface_salinity
sea_surface_temperature

Y| dusterid
Columns of Table dataset -
Oimension 200 oH o for no hidden s) uence ses m nteger
learningRate 05 Learnin

trained_network Name of the output network

Figure 18. Feed Forward Neural Network Trainer features selection.

The trainer takes as input from the workspace a table in .csv format containing the features
on which to train the network plus a column with the target values of the function. It then
allows you to select from the table with an interactive menu the features, the column with
the target values, and parameters to obtain better accuracy of the model.

The output result provides a trained model that can be used in the regressor operator to obtain
forecasts on other data sets homogeneous to the training set.

Bayesian Methods: Feed Forward Neural Network Regressor

The algorithm simulates a real-valued vector function using a trained Feed Forward
Artificial Neural Network (Figure 19) and a data set of variables to returns a table containing
the predicted outputs.
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The algorithm simulates a real-valued vector function using a trained Feed Forward Artificial Neural Network and retumns a table containing the ction actual inputs and the predicted outputs

nputTable dataset_test_regressor.¢ MDA
v
V] net_primary_production
V| sea_bottom_dissolved_oxygen
Y. sea_bottom_salinity
¥| sea_bottom_temperature
V! sea_surface_salinity
V! sea_surface_temperature

Table dataset_test_regressor.cev

ANN_trained_network 2| D

output_table Name of the

P start Computation

Figure 19. Feed Forward Neural Network Regressor features selection.

The Regressor takes as input a dataset of features homogeneous to those on which the model
was trained, the model trained by the trainer and allows to select the features to be used for
the forecast. The result is a table with the forecasts of the neural network on the input values.

Ecosystems: Habitat Representativeness Score

An implementation of the HRS algorithm presented in MacLeod et al. (2010). The habitat
representativeness score (HRS) can be calculated to provide an objective assessment of
whether a specific survey coverage will collect (or has collected) data that are representative
of all available habitat variable combinations in an area. The operator takes two habitat tables
as input. CSV files with one row for each feature vector, one column for each feature, and
no headers. The output provides an assessment of the HRS value of the second habitat
relative to the first as well as metadata associated with the computation.

Geo Processing: BIMAC

The Bayesian Interpolation Model with Advection-diffusion Constraint (BIMAC, Figure
20), introduced in (Coro, 2024), is an Open Science oriented, open-source, scalable and
efficient workflow for 2D marine environmental parameters. It combines a fast, efficient
interpolation method with a Bayesian hierarchical model embedding the stationary
advection—diffusion equation as a constraint.
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R
\ Bimac
Bayesian Interpolation Model with Advection-diffusion Constraint {Published by Gianpaolo Coro (gianpaolo.coro) on 2023/03/09 15:35 GMT}

Parameters

currents_u_file: _ Select File currents_u_file
currents_v_file: _ Select File | Currents_v_file
punctual_data_file:  Select File punctual_data_file
analysis_depth: K analysis_depth

Integer Value

> Start Computation

Figure 20. BIMAC Operator interface window.

The operator takes as input two optional files to describe the vectors of the marine currents
in the area of interest, a .csv file with the detected point values and as output a raster file in
.asc format in which the variable under examination is interpolated starting from the inputs.

Machine Learning Methods: Support Vector Machines Modelling

An algorithm to train a Support Vector Machine using Gaussian Radial Basis Function as
kernel. The operator has input files similar to those of the neural network trainer, in addition
to specific parameterization values of the support vector machines. Again, the output result
is a trained model that can later be used by the projection operator.

Machine Learning Methods: Support Vector Machines Projector

An algorithm that applies a pre-trained Support Vector Machine model to a dataset (Figure
21). The Support Vector Machines Projector operator takes as input a previously trained
SVM model and a table with features homogeneous to the training ones, allows one to select
which of these to use and then produce a forecast according to the model.
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sea_battom_temperature
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Columns of Table dataset_test_regressorcsv
inputModel: SVM_trained_Model |Lid|. g | €| Input Model
| start Computation |

Figure 21. Support Vector Machines Projector interface window.

Occurrences: Get Species Occurrences Obis

This algorithm gets species occurrence points from the Ocean Biogeographic Information
System (OBIS) repository using the species' scientific name (input). It returns a CSV file
using Darwin Core-compliant field names specified in (Berghe et al., 2015)

Occurrences: Pseudo Absence Generator Obis

Pseudo absence point generator based on OBIS data statistical analysis. Described in (Coro
et al., 2016). Estimating absence locations of marine species from data of scientific surveys
in OBIS (Figure 22).

POLYGON((12.1728515625 44 6044921875,12 1728515625
44.7802734375,12 2607421875

WKT.44.7802734375,12 2607421875
44.6044921875,12.1728515625 44 6044921875))

Save Close

Figure 22. Pseudo absence point generator bounding box selection.
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It is possible to define a bounding box and a time window in which to query the OBIS
database to obtain both the points of presence of the species and to estimate those of
pseudoabsence.

Species Simulation: Ecological Niche Modeller

A fully automatic workflow to estimate a species ecological niche, based on 4 models, i.e.,
Artificial Neural Networks, Maxent, Support Vector Machines, and AquaMaps. The
workflow also produces an ensemble of these models as described in (Coro et al., 2024).
This type of operator is often used to estimate the presence of a species in an area and,
overall, to assess the richness of biodiversity present or expected in the future.

Species Simulation: Maxent Ecological Niche Model

A Maximum-Entropy model for species habitat modeling, based on the implementation by
Shapiro et al. (1995) v 3.3.3k, Princeton University. The software accepts a table with
species, longitude, latitude columns and a set of environmental variables as ASC files.
Moreover it requires the specification of the species prevalence value.

Time Series: Singular Spectrum Analysis

Singular Spectrum Analysis for forecasting and reconstructing data time series. This
technique is often used to produce future forecasts or reconstruct missing data series using
historical datasets, as described in Coro et al. (2016).

2.6 The JupyterLab tool

The CZ VRE is equipped with JupyterLab (Figure 23), a web-based interactive environment
for the creation and management of workflows of data, codes, and documents. It provides
tools such as Jupyter Notebook, that can be used to create documents containing text, codes,
plots, widgets etc. Jupyter Notebooks therefore allow to combine documentation, scripts and
outputs in the same environment and are widely used by researchers and data scientists, for
example, for educational purposes or debugging. Although originally developed for Python,
more than 40 scripting languages are supported including R and Julia.

In the ITINERIS CZ VRE, researchers can create notebooks to help end-users to
interactively explore and visualize data, but also incorporate scripts and processing tools.
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The interactive layout of notebooks is useful for users to acquaint themselves with scripting
languages, to customize or create their own tools.

As a demo application, a notebook for the visualization of CO> accumulation chambers data
from the CZO in Pianosa Island is made available (Figure 24). The notebook contains a set
of simple Python scripts to read the csv files that contain the measured variables (dataset’s
metadata have been published in the metadata catalogue). The user can select the time range
of interest and the variable to plot.

 MINERIS Critical Zone VRE @ Communication  x Members I Analytcs » @ RSudio4 =

= Jupyterhub reme Town  Servens~

Server Options
@ VRE Default Server - 4 Cores / 16G

e ot oo

Figure 23. View of the JupyterLab launcher page. Users can access to this page by clicking on the “JupyterLab” button (on
the top) and can see the specific information on the VRE default server.

2. Read files and view table:

3. Select a uime range

4. Plot the data

A

Figure 24. View of the Jupyter Notebook that allows to visualize the CO2 accumulation chambers data from the CZO in

Pianosa Island by selecting the time range of interest.
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2.7 Demonstrators

2.7.1 Integrating the Open Global Glacier Model (OGGM)

A detailed pipeline is made available to allow users to set the Open Global Glacier Model
(OGGM; Maussion et al., 2019) up on the VRE and to run some example codes. The initial
setup code guides the user through the installation, configuration and testing of OGGM
directly from the VRE Terminal (Figure 25a). This will allow to the users to avoid installing
this complex model on their machine and, thus, running the analyses on the ready-for-use
CZ VRE. After the installation and the setup of the model on the VRE, users can directly
run the example codes imported from OGGM website. The examples codes are a series of
Python tutorials (from https://tutorials.oggm.org/stable/book/10minutes.html, last access:
06/10/2024), which allow the user to run the first simple analyses with the open-source
glacier model.

Moreover, codes that allow to the users to modify their own glaciological database in order
to be compliant with the RGI format (v. 6.0; Randolph Glacier Inventory, 2017) — used in
general by the model — is provided (Figure 25b).

]
I
(=
2]
a

8

Figure 25. a) View of the Launcher panel. On the left side of the screen, users can navigate through the personal and
collaborative workspaces. The figure shows the codes made available on the CZ VRE. b) View of a part of the code that
allow users to modify their own glaciological database in order to be compliant with the RGI format The example code
was performed by using glacier outlines which are part of the glaciological database referred to 2006 (Salvatore et al.,
2015) built according to the WGMS guidelines (Paul et al., 2009, 2010).

2.7.2  High resolution soil temperature in glacier forelands

A step-by-step guide is made available to set up the R interface for Google Earth Engine
(rgee R package — user registration required to access the Earth Engine services), and to
produce maps of near-surface soil temperature in glacier forelands following the method
proposed by Marta et al. (2023). Apart for the main code, a series of functions are provided
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to implement the functions from the microclima R package, and to composite ERA-Land
images. Most of the layers needed to run the code are automatically retrieved from the GEE
archives. Additional layers needed are made available in the workspace directory
(/ITINERIS_CriticalZoneVRE/Tools/Codes/Marta et al 2023/layers). Specifically, they
refer to a) an example shapefile of glacier outline (Valnontey, Cogne — 2006 glacier outlines,
Salvatore et al., 2015); b) a global map of permafrost probability of occurrence (Gruber,
2012); c) a high-resolution digital terrain model (2008 LiDAR data of the Valle d'Aosta
Region, available at https://geoportale.regione.vda.it/download/dtm/). Users can select their
own period of interest (in term of both months and years) and use their own digital terrain

model (in planar coordinate reference system) and glacier outline map to produce estimates
for different periods and/or areas. As stated above, the user registration to the Google Earth
Engine services is mandatory to run the code.

2.7.3 Non-linear modelling of CO: fluxes from alpine ecosystems

A R routine was developed to fit non-linear models for carbon dioxide (CO.) fluxes
measured using the flux chamber method in high-elevation or high-latitude ecosystems such
as Arctic tundra and alpine grasslands (Lenzi et al., 2023; Magnani & Lenzi, 2024). The
original codes were developed in MATLAB and allowed fitting exponential (for ecosystem
respiration, ER) and Michaelis-Menten (for gross primary production, GPP) equations to
flux measurements. In the framework of the ITINERIS PNRR Project, the MATLAB
routines were translated and optimized for R in order to be compliant with FAIR and Open
Science principles. The code integrated in the ITINERIS CZ VRE allows reproducing the
model selection (AIC-based) and fitting process as proposed by Lenzi et al. (2023), and to
produce the “Measured vs modelled” plot reported by the authors. Users can either run the
code as is and inspect results or feed the model selection with a different set of environmental
variables from the test dataset, or, finally, analyse their own dataset.

2.7.4 Visualizing CO: fluxes and environmental variables from glacier forelands data

A simple R routine was developed to summarize data, calculate gross primary production
(GPP) and visualize trends in CO» fluxes measured using the accumulation chamber method
along glacier forelands (Figure 26). Measurements were taken along three glacier forelands
(Forni glacier — Ortles-Cevedale, and Lauson and Lavassey glaciers — Gran Paradiso),
mostly at sites with known age (2 to approx. 180 years BP). By implementing a space-for-
time substitution approach, patterns along the foreland can be interpreted as temporal trends,
based either on age or on a development stage. Along with the trends in ecosystem
respiration (ER) and net ecosystem exchange (NEE), trends in environmental variables
known to influence CO> fluxes (solar irradiance, air temperature and relative humidity, soil
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temperature and volumetric water content) are also summarized and displayed. Users can
simply inspect trends, try themselves to look for relationships between fluxes and
environmental variables or adapt the code to summarize and visualize their own dataset.

Forni gl. foreland Lauson gl. foreland Lavassey gl. foreland
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Figure 26. Trends in CO: fluxes acquired by using the accumulation chamber method along glacier forelands. Violin
diagram shows the ecosystem respiration (ER, yellow) and the gross primary production (GPP, green) at different
development stages (increasing time from glacier melting).

2.8 Smoothing time series of CO> fluxes from automated chambers data

This R routine was developed to calculate gross primary production (GPP), fit a simple
locally-weighted polynomial regression (i.e., LOWESS) and visualize trends in CO; fluxes
measured using automated chambers. Automated chambers measure ecosystem respiration
and net ecosystem exchange continuously, at a user-defined frequency, along with a series
of environmental variables. Each pair of transparent (for NEE) and dark (for ER) chambers
measures fluxes with a time lag, so that NEE and ER data need to be paired to calculate GPP.
LOWESS regression requires the specification of the neighbourhood of interest (i.e., o), that
is, the set of points influencing (via a tricubic weighting based on distance) the outcome for
the ith point. Example data associated with the code refer to one year of hourly measurement
of fluxes, with a 15-minute lag between ER and NEE; to represent different timescales (and
levels of smoothing) we used a values of about 1/4, 1/12 and 1/52 to represent smoothing at
the seasonal, monthly and weekly scales, respectively (Figure 27). Users can inspect trends
from different automated chambers from the same place (e.g., Pianosa Island), adapt the
code to compare trends between semi-arid and alpine ecosystems (e.g., Pianosa vs Nivolet
datasets) or run the code on their own dataset.
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Figure 27. Annual trends in ecosystem respiration (ER, yellow), gross primary production (GPP, green) and net ecosystem
exchange (NEE, brownish / greenish). Decreasing o (seasonal to monthly to weekly) produce trends with decreasing
smoothing, allowing to better visualize short-term fluctuations in fluxes.

2.8.1 Visualizing CO: fluxes and environmental variables from Eddy Covariance data

A simple routine to visualize plots of eddy covariance dataset is proposed in the CZ VRE.
The routine was developed in R language in order to be compliant with FAIR and Open
Science principles and by using the RStudio Server directly integrated in the ITINERIS CZ
VRE as RStudio, v4 Large (8 Cores / 32G RAM).

In particular, the code allows to the user to visualize CO; turbulent fluxes (umol/m?/s), wind
speed (m/s) and other environmental variables (e.g., air temperature (°C) and RH (%)),
saving a unique file with four different plots (Figure 28). Furthermore, simple graphs of the
temporal evolution of CO; fluxes and wind speed were also performed (Figure 29).
Considering the huge amounts of data collected by the eddy covariance towers, an example
code to plot a subset of the whole dataset is provided (Figure 29).
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Figure 28. Temporal evolution of COz turbulent flux, wind speed and environmental variables (air temperature and relative
humidity) collected in 2020 from July to December by the eddy covariance tower installed at the Nivolet CZO. Dataset:
Vivaldo et al., 2022.
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Figure 29. Temporal evolution of CO: turbulent flux and wind speed collected in 2020 from July to December by the eddy
covariance tower installed at the Nivolet CZO and plot of a subset of the entire dataset. Dataset: Vivaldo et al., 2022.
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