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INTRODUCTION:
The monitoring and study of forests is essential to understand their condition, dynamics and to

adopt optimal management to ensure their sustainability. In this framework, Virtual Research

Environments (VRE) are online research platforms that allow easy access to the available FAIR

data, to find smart solutions and to support decision making. Here we show the VRE - Essential

Variables (within the ITINERIS project) which offers several tools to develop open and

reproducible science in the perspective of the two global frameworks of Essential Biodiversity

Variables (EBVs) and Essential Climate Variables (ECVs), which are known to be critical for

plant and soil biogeochemical processes (e.g., tree growth, soil mineralization, water fluxes,

litter decomposition). In the VRE, which also includes an R package and a Shiny interface, only

some of the variables are considered: among the EBVs, phenology and species distribution;

among the ECVs, surface air temperature, precipitation, and relative humidity.

STUDY AREA:
Collelongo - Selva Piana (https://deims.org/9b1d144a-dc37-4b0e-8cda-1dda1d7667da) is a

long-term experimental site of 3000-ha mature beech forest (Fagus sylvatica L.; >125 years

old), one of the founding sites of the Italian ICP Forests network and also part of the eLTER

and AnaEE international Research Infrastructures.

VRE – Essential Variables:
The ITINERIS.VRE-EV compiles and elaborates existing repositories of terrestrial, marine and

freshwater study areas belonging to the eLTER network. The existing datasets are downloaded

from data-sharing repositories such as Zenodo or Pangaea, commonly used as a repository by

eLTER sites for share dataset, as well as from entities such as Copernicus, PEP725, CEDA,

ESA or GBIF, among others. Access to these data is provided through the functions of the

ReLTER package (DOI 10.5281/zenodo.7584997, Oggioni et al., 2025).

The functions developed in an R package and the Shiny interface allow users to explore and

download datasets, available in different repositories, that contribute to the EBVs or ECVs. In

particular, through the Shiny application (Fig. 2A), by selecting the eLTER site of interest and

the essential variable, the user can obtain a table containing the relevant datasets and, if desired,

download and use them within the VRE by relying on R or JupyterHub (Fig. 2B).
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RESULTS:

Results of the best linear regression

model between the annual GPP and

the seasonal trend of the

atmospheric circulation types. WT4

and WT7 determine positive

precipitation anomalies. On the

contrary, WT5 determines negative

precipitation anomalies in all three

months.
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Figure 2. Itineris.D4Science Virtual Research Environment and Shinny App

Figure 3. A) Monthly distribution of the Atmospheric

Circulation´Types and B) Circulation type

classification for Italy based on principal component

methods(PCT) for precipitation.

Figure 1. A) Study area (orange dot). B) Landscape and C) Beech forest detail
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WT 2, 4, 7, 9 (Cyclonic); WT 1, 3, 5 (Anticyclonic); WT 6, 8 (Zonal)

Results of the best linear regression

model between the annual NPP and

the seasonal trend of the

atmospheric circulation types. WT4

and WT7 determine positive

precipitation anomalies. On the

contrary, WT5 determines negative

precipitation anomalies in all three

months.

Results of the best linear regression

model between the annual RECO

and the seasonal trend of the

atmospheric circulation types. WT4

and WT7 determine positive

precipitation anomalies. On the

contrary, WT5 determines negative

precipitation anomalies in all three

months.
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