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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/9bld144a-dc37-4b0e-8cda-1ddald/667da) 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.
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Figure 1.A) Study area (orange dot) B) Landscape and C) Beech forest detail &

VRE — Essential VVariables:

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 Iin an R package and the Shiny interface allow users to explore and
download datasets, available in different repositories, that contribute to the EBVs or ECVSs. 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).

https://jupyterhub d4science org/user/sergi.costafredaaumedes,/mame-RStudioServerOption/rstudio/p/fdb83313/ Open in Browser “%; Publish .

EVe VRE @ITIN=RIS

£ Administration = M Communication 22 Members = udio = elTER site Essential Variable (EV)

geoBonBiome biogeographicalRegion type domain  uwom

Terrestrial alpine 1 ECV Terrestrial  degC

les VRE provides its users with services and tool for data analysis, data visualisation, and collaboration among researchers,
on the global frameworks provided by Essential Biodiversity Variables (EBV) and Essential Climate Variables (ECV) and based on the

ults of WP6_ It will also host a dashboard allowing to interact with data, by selecting, analysing and visualisi
Edit this text Datasets found

2 Li budgets and model parameters, and
offering ebzervations of c regien surface temperature alterations
res
Se
CONCERMING SELECTED EVS RELATING TO THE SELECTED 5l... RELATING TO THE SELECTED 5l...
Other options .. 3 dataset(s) 3 dataset(s) 20 dataset(s)
D _ _ L : L
-\\'\ Cancerning sel Relating to the selected site [structured Relating to te (unstructured
=
Search:

RStudio

RSt dio pro d integrated develo pm t nment for R It includes nsole and a syntax-highlighting editor and i § . . . .
nables code t n. Tools for p| otting a | | d d & Contains resources related directly with selected EV and site
Th RSt dio nme t () p onfigur d with Ib and packages to e the execution of common data analytics tasks.
and (i) prov d mles: t the Workspace enabling sharing of resources with other members much easier.
A . C{#)ernic UUUUUU 5/ /knmi-ecad-assets-prd.s3.ama zonaws.comjensembles/data Daily mean air tempersture
JU pyter - Grd_0.1deg_reg_ensemble/tg_ens_mean_0.1deg_reg_w2%.0e.nc [2000-2024) Colellongo 2
v - i B e Daily minimum air
2 (opemicus pps i e s e B S ameznan s o Ensam e devs temperatrure (2000.2024)  dataset
Ju pyt erHub SR ST Colellonge
.J upyterHub enables the exploitation of computational e nments and resources without burdening users with ) _ ) DBk e T
nstallatio d ma t e tasks. - (O“.)EYT'IKZUS t[t.;-;ﬁ ‘{rn'i-ecac-azlzli-lt'c.:s.an'azo15'.';5.&:|n' arse*‘:l:les data temperature (2000-2024)
rid_0.1deg_r en efte_e rean g_Ire 9. 0e.n

Th Ju pyt erHub environment is () p onfigured with libraries and packages to ease the execution of common data Srid fitdes e enemblefis ena mean Qides = VBRSNS ionge
|y1 s tasks, d {') provides t the Wo rkspace enabling sharing of resources with other members much
eeeeeee

Figure 2. Itineris.D4Science Virtual Research Environment and Shinny App
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BODY OF THE SCRIPT

Reading the required libraries and sources

=3 C ata.table , r, readxl , caret”,
Pply{ {Ild bl m lldpl}r (2] L1 d 11r (2] (2]
require, character.only = TRUE)

"tidyverse"”, "MASS", "ReLTER"),

data.table: TRUE dplyr: TEUE readxl: TRUE caret: TEUE tidyverse: TREUE MASS5: TEUE ReLTER: TEUE

Constructing the functions to summarize the original data

Seasonaly merge the frequency of Atmospherical Circulation Types

func_season <- function(tab case)

1
# Splitting the table by month
split_tab <- split(tab case, <(1,1,2,2,2,3,3,3,4,4,4,1))

# Seasonal fregquencies
summ_tab «<- lapply(l:4, function(x) split tab[[x]][3:length(split_tab[[x]])] %>%
colSums() H>%
t &%
as.data.frame) %>%
rbindlist %>%
data.frame(Year = tab_case[1, 1],
Season = (" DJIF", "MAM", "J1JA™, "SON"),
- ) REN
reshape(idvar = c("Anne"), timevar = "Season”, direction = “"wide")

# Adding the names of the columns

names{summ_tab) <- gsub("X", ", names(summ_ tab))

# Showing the results
summ_tab

¥

Daily to monthly frequency

ff <- function(circo, circo cases, x)

1

aa = table({(circo %>X%
filter(Anno == circo_cases[x, "Anno"] %>% unlist %>% unname,
Mese == circo cases[x, "Mese"] %>% unlist %>% unname))PWT) %>%
as.data.frame

bb = t{aa%Freq) %>% as.data.frame; names(bb) <- aa$Varl

bb
¥

Calling the ITINERIS shiny app and download the data

ITINERIS.EVsSVRE: :runShinnyApp()

Data lecture

circo _pct <- read excel("Weather types up to 2019.xlsx", sheet = 1)
circo _san <- read excel("Weather types up to 2819.xlsx", sheet = 2)

gpp <- fread("” GPP_Reco MEE 2888 2815.csv")

Data preparation

circo _cases _pct <- circo pct %>% distinct(Anno, Mese)

# PCT (SAN NOT SHOWED)
tab_summ_month_pct <- lapply(l:nrow(circo_cases_pct),
function(x) ff{circo pct, circo cases pct, x)) %>%
rbindlist(fill = T) %>%
cbind{circo_cases pct, .) %>%
relocate('1", .aftter = "Mese™) X>»%
mutate if(is.numeric, ~replace(., is.na(.), @))

tab summ_ season_pct <- lapply(l:48,

function(x) func_ season((tab summ month_pct %>% group by(Anno) %>% group split())[[x]])) %%

rbindlist

# MERGING GPP and CIRCO SUMMARIES
gpp_season_pct <- merge(gpp, tab_summ_season_pct, by.x = "year”, by.y = "Anno") %>X%X as.data.frame()

# Renaming the data
names ( gpp_season_pct)[2:6] <- <("DT_RECO", "DT_GPP", "NT_GPP", "NT_RECO", "NEE"™)
names (gpp_season_pct)[7:1length({names(gpp season_pct))] <-

gsub("\\.", " ", paste@("WT_ ", names(gpp_season_pct)[7:length{names({gpp season _pct))]))

Data analysis

## NT _GPP _PCT

sel_gppNT_pct <- c("WT_1_SON", "WT_6 _DIF", “"WT 4 JIA", "WT_7_JIA", "WT_4 SON", "WT_5_SON")

rR O

season_gppNT_pct <- 1Im(NT_GPP ~ ., data = gpp season_pct[, c{which({names(gpp season_pct) %in% c("NT_GPP", sel gppNT _pct)))])

summary{season_gppNT_pct)

## NEE_PCT
sel NEE pct <- c("WT_4 JJA", "WT_7 JJA™, "WT_4 SON™, "WT_5 SON")
season MNEE_pct <- 1lm(MNEE ~ ., data = gpp season_pct[, c(which(names(gpp_season_pct) %in% c("MEE", sel NEE_pct)))])

summary({season_MNEE_pct)

## RECO PCT

sel RECO pct <- c("WT_4 JJA", "WT_S_DIF", "WT_7 _DIF™)

season_ RECO pct <- 1m(NT_RECO ~ ., data = gpp season_pct[, c{which{names(gpp season_pct) %in¥% c("NT_RECO", sel RECO pct)))])

summary{season_ RECO pct)

RESULTS: WT 2, 4, 7, 9 (Cyclonic); WT 1, 3, 5 (Anticyclonic); WT 6, 8 (Zonal)
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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.

Results of the best linear regression cosfficients:
Estimate Std. Error t wvalue Pr{:|t])

model between the annual GPP and  (1tercept)  294.es 561.36 ©.587 ©.57191

the seasonal trend Of the WT & DIF -24.85 12.8@¢ -2.872 ©.86817 .
. . . WT 4 1A -137.28 35.88 -3.920 0.88351 **
atmospheric circulation types. WT4 77 314 114.80 35.42 3.241 ©.91814 *
and WT7 determine positive WT 1 SO 43,25 22,25 1.944 @.88377 .
T _ WT 4 SON 79.94 19.14 4.177 ©.898239 *=*
preC|p|tat|on anomalies. On the wr s son 99,81 34,58 2.886 ©.81793 *

Signif. codes: @ “**=' g, @l “**' p.el1 "+’ @.e5 .7 8.1 ' 1

contrary, WT5 determines negative
precipitation anomalies In all three

Residual standard error: 285.5 on 9 degrees of freedom
months Multiple R-squared: @&.8133, Adjusted R-squared: ©.6889
F-statistic: 6.536 on & and 9 DF, p-value: @.006736
Coefficients: - -
Estimate Std. Error t value Pr(>|t|) Results of the best linear regression
(Intercept)  98.49 237.45 ©.381 0.718379 model between the annual NPP and
LT 4 JJA 119.13 21.45 5.555 0.888171 *** the SeaSOna| trend Of the
WT 7 JJA -1a5.78 24.78 -4.269 0.881323 ** _ _ _
WT 4 SON -52.17 11.16 -4.675 0.200677 =*=* atmOSphe”C circulation types. WT4
WT 5 SOM -51.45 18.89 -2.724 9.@19775 * and WT7 determine positive

precipitation anomalies. On the
contrary, WT5 determines negative

Signif. codes: @ “**=' 4.@81 ***' @.81 "7 8.05 .7 8.1 * 7 1

Residual standard error: 145.3 on 11 degrees of freedom
Multiple R-squared: @.7999, Adjusted R-squared: @.7272
F-statistic: 18.99 on 4 and 11 DF, p-valus: 8.0887745

precipitation anomalies In all three

months.

Results of the best linear regression Cosfficients:
Estimate Std. Error t value Pr(:|t])

model between the annual RECO (1ntercept) 1250.417 66.566 18.785 2.98e-10 ***

and the seasonal trend of the WT_5_DJF -47.471 7.888 -6.697 2.208e-@5 ***
i i i WT 7 DIF -13.738 6£.559 -2.181 @.8574 .
atmospheric circulation types. WT4 174 554 -s1.1:1 S 932 -6.372 3.55a-@5 S+

and WT/ determine positive ---

- - . - Signif. codes:
precipitation anomalies. On the
Contrary, WTS determines negative Residual standard error: 52.21 on 12 degrees of freedom

- - . - - Multiple R-squared: @.3486, Adjusted R-squared: @.8187
preCIpItatlon anomalles N a” three F-statistic: 22.42 on 3 and 12 DF, p-value: 3.298e-85

months.
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