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1 PRESENTATION

This user manual is intended to serve as a simple guide for anyone interested in using
the ModERFoRest tool. It will try to give an overview of the use of the three modules
and the five calculators that make up the program. All references to menus, forms,
etc. and their corresponding screenshots have been taken from the English version of
the application.

Along with the download of the program installer, templates for input data are
provided, both to facilitate the generation of files for the user and to run tests of the

different functionalities of the application.

Finally, references to publications are provided to allow further information on the
sections when necessary.

The computer application ModERFoRest (Modelling Environmental Requirements for
Forest Restoration), in the format now presented, has been developed by féra forest
technologies SLL, Carlos Rodriguez Nufiez and Karontek S.LU. in C++ language, and is
distributed as free software, without any kind of guarantee, which allows its
dissemination to the scientific and technical community from the website of the
National Institute of Agricultural and Food Research and Technology (INIA-CSIC). This
tool complements the one with the same name, developed in the Project RTA2010-
00095, financed by the INIA-CSIC and in which Eduardo Lépez-Senespleda, Ricardo
Ruiz-Peinado, Salvador Sastre, Andrés Bravo, Rafael Serrada, Pilar Modrego and Rafael
Alonso collaborated under the direction of Otilio Sdnchez-Palomares and Gregorio
Montero. This tool is based on numerous previous studies that are discussed in the

following section.

ModERFoRest is used for a large number of modelling and calculation processes in the
field of forest ecology, although not only in this field, and allows to integrate,
disseminate and apply the information derived from the studies of Autecology of
Forest Species initiated in 1963 in the former IFIE and completed in the INIA-CSIC,
whose results had a first edition as a computer tool three decades ago in the PINARES
program (Gandullo and Sénchez-Palomares, 2000; Gandullo and Sénchez Palomares,
1994), a primordial and inspiring application for ModERFoRest.

This new version also includes a new calculator for the ex-ante calculation of the fixed
biomass per reforested hectare based on the age, location and density of the
plantation, valid for the main forest species used in young reforelocation (validity
range maximum 40 years) in mainland Spain, as well as a Mahalanobis distance
calculator.



2 BACKGROUND

The studies on the autecology of the main Spanish forest tree species, whose first
publication dates back to 1967, were initiated by Professors Gandullo and Nicolds at
the Instituto Forestal de Investigaciones y Experiencias (IFIE). Gradually overcoming
the technological limitations of the beginning but maintaining the idea of

characterising the habitat of each species by sampling in representative stands that
would allow linking information on climate, soil and forestry status, these studies were
extended and published through monographs of the species with the greatest

territorial representation and economic importance.

After a long process, not without administrative and budgetary difficulties,
researchers Otilio Sdnchez-Palomares and Gregorio Montero and their teams at INIA
completed the studies of all the most relevant tree species. In 2015, the information for
20 species' was finally compiled, including soil analyses of over 3,000 sampling points.
This important and unique database is what gives great reliability and power to the
ModERFoRest application.

The summary of this process and its results is presented in detail in Lopez-Senespleda
et al. (2018). The cited text includes extensive complementary information that does
not need to be repeated here. The text also analyses the evolution of the applied
methodologies, parallel to the innovation of statistical methods and the development
of computer science.

From the bibliographical references of the cited publication, Table 1is obtained, which
aims to present the chronology of the studies and collect the names of the different

people who have participated in them, a total of 30 collaborators over 48 years.

Finally, in the new version presented here, it has been considered of great interest to
incorporate a new tool that includes all the models for estimating the total biomass
fixed per reforested hectare, based on the age, location of the plantation and the
current density of the plantation, for the main forest species used in reforelocation in
Spain. These models include 107 equations that allow the ex-ante estimation of the
biomass per hectare to be fixed by a plantation project. The estimates can refer to
time frames of up to 40 years, although for most species the range is lower.

! 22 taxa/communities are provided in the application as Pinus pinaster and Quercus ilex species are
treated separately in their respective subspecies.

2



Tabla 1. List of publications that document, throughout its entire career, the line of research on

which the ModERFoRest application is based.

SPECIES

No.
samples

of

Year Reference and authors

(2

Pinus  pinaster
subspecies)

131

1067 Ecologia de los pinares espanoles I. Pinus pinaster Ait. LFLE, Madrid.
Antonio Nicolds; José Manuel Gandullo

Pinus sylvestris

127

1969 Ecologia de los pinares espanoles Il. Pinus sylvestris L. LF.LE, Madrid.
Antonio Nicolds; José Manuel Gandullo; Otilio Sdnchez-Palomares

Pinus halepensis

135

1972 José Manuel

Palomares.

Pinus radiata

174

1974

Pinus canariensis

6l

Estudio ecoldgico del pino canario. ICONA-MAPA, Madrid.
1989
Luis Munioz; Otilio Sénchez-Palomares

Pinus nigra

123

1991
Ramoén Elena-Rosselld; Otilio Sédnchez-Palomares; Pilar Carretero

Laurisilva canaria

44

Estudio ecoldgico de la laurisilva canaria. ICONA-MAPA. Madirid.
1991

Serrada

Castanea sativa

182

Serie Forestal n°7, Madrid.
2004

Rubio; Ramon Elena-Rosselld; Valentin Gomez-Sanz

Fagus sylvatica

235

Forestal n°8, Madrid.
2004

Rubio; Raman Elena-Rosselld; Valentin Gomez-Sanz

Prunus avium

50

2004 Doctoral. Universidad Politécnica de Madrid, Madrid.

Oscar Cisneros

Quercus suber

173

Serie Forestal, n° 14. Madrid.
2007

Agustin Rubio; José Manuel Gandullo; Pilar Carretero

Quercus pyrenaica

340

espanoles. Monografias INIA: Serie Forestal, n° 17. Madrid.
2008

Rubio; José Manuel Gandullo

Juniperus thurifera

120

2010 espanoles. Monografias INIA: Serie Forestal, n°19. INIA. Madrid.
1

Senespleda; José Manuel Gandullo

Ecologia de los pinares espanoles lll. Pinus halepensis Mill. LF.LE, Madrid.

Gandullo; Antonio Nicolas; Javier Moro; Otilio Sdnchez-

Ecologia de los pinares espanoles IV. Pinus radiata D. Don. INIA, Madrid.

José Manuel Gandullo; Otilio Sdnchez-Palomares; Santiago Gonzdlez-Alonso

Alfredo Blanco; Miguel Castroviejo; José Luis Fraile; José Manuel Gandullo;
Los pinares espanoles de Pinus nigra Arm. Sintesis ecoldgica. MAPA, Madrid.

José Manuel Gandullo; Angel Banares; Alfredo Blanco; Miguel Castroviejo;
Angel Ferndndez-Lépez; Luis Mufoz; Otilio Sdnchez-Palomares; Rafael

Las estaciones ecolégicas de los castaniares esparnoles. Monografias INIA.

José Manuel Gandullo; Alfredo Blanco; Otilio S&nchez-Palomares; Agustin

Las estaciones ecoldgicas de los hayedos esparioles. Monografias INIA. Serie

José Manuel Gandullo; Alfredo Blanco; Otilio Sanchez-Palomares; Agustin

Autoecologia del cerezo de monte (Prunus avium L.) en Castilla y Ledn. Tesis

Las estaciones ecolégicas de los alcornocales espanoles. Monografias INIA:

Otilio Sadnchez-Palomares; Luis Carlos Jovellar; Luis Alfonso Sarmiento;

Las estaciones ecoldgicas actuales y potenciales de los rebollares

Otilio Sénchez-Palomares; Sonia Roig; Miren del Rio Gaztelurrutia; Agustin

Las estaciones ecoldgicas actuales y potenciales de los sabinares albares

Rafael Alonso Ponce; Otilio Sdnchez-Palomares; Sonia Roig; Eduardo Lopez-




SPECIES

No.
samples

of

Year

Reference and authors

Pinus uncinata

48

2010

Las estaciones ecolégicas actuales y potenciales de los pinares de Pinus
uncinata. Informe final Proyecto RTA2009-00071-C02. INIA-CIFOR, Madrid.

Otilio Sdnchez-Palomares; Gregorio Montero; Eduardo Lépez-Senespleda;
Ricardo Ruiz-Peinado; Andrés Bravo-Oviedo; Salvador Sastre-Lopez;
Guillermo Madrigal

Quercus  ilex

subspecies)

(2

400

2012

Las estaciones ecoldgicas actuales y potenciales de los encinares
espanoles. Monografias INIA: Serie Forestal, n® 23. Madrid.

Otilio Sdnchez-Palomares; Eduardo Lépez-Senespleda; Sonia Roig; Antonio
Vdzquez; José Manuel Gandullo

Pinus pinea

205

2013

Autoecologia paramétrica de Pinus pinea L en la Espana peninsular.
Monografias INIA: Serie Forestal, n° 26. Madrid.

Otilio Sdnchez-Palomares; Eduardo Lépez-Senespleda; Rafael Calama;
Ricardo Ruiz-Peinado; Gregorio Montero

Abies alba

43

2013

Informe final del proyecto RTA2010-00095: Tipificacion ecoldgico selvicola de
las principales especies forestales espanolas. INIA-CIFOR, Madrid.

Eduardo Lopez-Senespleda; Ricardo Ruiz-Peinado; Rafael Alonso Ponce;
Andrés Bravo-Oviedo; Salvador Sastre-Lopez; Gregorio Montero; Rafael
Serrada

Quercus petraea

69

2013

Informe final del proyecto RTA2010-00095: Tipificacion ecoldgico selvicola de
las principales especies forestales espariolas. INIA-CIFOR, Madrid.

Eduardo Lépez-Senespleda; Ricardo Ruiz-Peinado; Rafael Alonso Ponce;
Andrés Bravo-Oviedo; Salvador Sastre-Lépez; Gregorio Montero; Rafael
Serrada

Quercus robur

94

2013

Informe final del proyecto RTA2010-00095: Tipificacion ecoldgico selvicola de
las principales especies forestales espanolas. INIA-CIFOR, Madrid.

Eduardo Lépez-Senespleda; Ricardo Ruiz-Peinado; Rafael Alonso Ponce;
Andrés Bravo-Oviedo; Salvador Sastre-Lépez; Gregorio Montero; Rafael
Serrada

Quercus faginea

7

2015

Autoecologia paramétrica de los quejigares espanoles. Tesis Doctoral.
Universidad de Valladolid, Palencia.

Eduardo Lopez-Senespleda

TOTAL- 20

287

30 authors




3 UTILITIES

ModERFoRest (Modeling Environmental Requirements for Forest Restoration) provides
the opportunity to make available to technicians and researchers a large amount of
information whose use, given the number and temporal dispersion of publications

and the variety of their formats, would otherwise be impossible.

The first utility of the application, the Species Distribution Model or SDM module, is
designed to work on a large scale and allows the development of species distribution
models based on environmental variables in raster format. This allows information to
be obtained on the ecological suitability of a territory for one or more species. To do
this, environmental information (physiography, climate or soil) is needed for a good
number of points where the species is present. With this information supplied, the
application returns results in a format that can be incorporated into a GIS. This
cartographic output (suitability or approval map) can subsequently be used in
regional forest planning and diagnosis.

For other types of consultation, analysis and diagnosis at stand level (modules
Adequacy of Species for Forest Restoration/SSER and Similarity between Forest
Locations/FSR), required especially by forest managers, two types of diagnosis are
usually proposed:

A. For reforelocation planners: information on species compatible with the stand to
be reforested and on the best seed source for the chosen species; both issues in
the current situation and for possible climate change scenarios.

B. To propose treatments for existing stands: information on the marginality of the
species or species that populate the stand and a diagnosis of its stability; both
issues also in the current situation and for possible climate change scenarios.

In more detail, the user queries and possible responses to them are specified as

follows:

Case A - In principle, the utilities that the ModERFoRest application user will be able to
find about reforelocation are:

Al - After carrying out the ecological and floristic study of a stand to be replanted,
including o test pit and soil analysis, the application returns all the variables
necessary for its ecological characterization, with an expression of climatic, soil and
edaphoclimatic parameters. This characterization is carried out on the data provided
by the user, so it is possible to generate hypotheses on the ecological attributes of the
location in different climate change scenarios if the appropriate information is
provided.

A2 - After carrying out the ecological and floristic study of a stand to be repopulated,
including soil pit and edaphic analysis, an ordered list can be obtained, from greatest

to least suitability, of the 22 taxa, with information on the level of compatibility of each



taxon and the degree of marginality with respect to each of the environmental

variables used.

A3 - By incorporating the data corresponding to the climate change hypothesis of the
user's choice, variations from the list above can be simulated. By comparison, species

that disappear, appear or change their adaptability can be checked.

A4 - Seed origin. Once a species has been chosen for reforelocation, according to the
designer's criteria based on the current situation or the one to be chosen based on
climate change scenarios and applying the FSR/FSR Module, the application allows
finding the Select Seed Stand (RSS) or Seed Source (FS) that has the most similar
ecological conditions to the stand to be reforested. The ecological characterization of
the select seed-producing stands (RSS) of some species? is incorporated. The most
suitable provenance (FS) or one like the defined situation can be found among all the
sampled points of the chosen species that have been used to define its habitat.

Case B - In principle, the utilities that the ModERFoRest application user can find in

relation to the silvicultural treatment of a stand populated by tree species are:

Bl — This utility is analogous to case Al, except that the objective is not to characterize
the location for restoration purposes but for mass treatment purposes.

B2 - Identify the degree of marginality of the species present through the factors that
are, or may be, most limiting.

B3 - Based on the possible marginality detected and considering possible climate
change scenarios, make a diagnosis of the current and future stability of the species.
The comparison of the instability situation in different stands provides a reliable
criterion for granting priority in the application of improvement treatments within the

forests of a region.

The user is advised to interpret the results obtained from this application in
accordance with the reliability of the data provided and to use them, above all, to
compare different temporal and spatial situations, rather than as a solution or
immutable proposal. The results serve to help explain each case, and they are not to
be applied without prior discussion. We trust that this application will be uFSRul for

research and management in the forestry sector.

In summary, the application consists of three modules that are integrated into a

common core and five calculation tools.

Each of the three modules develops different applications:

2 |n this version Pinus sylvestris, Pinus uncinata, Fagus sylvatica and Abies alba are available.
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SDM module (Species Distribution Models): allows the development of distribution
models for the species of interest based on environmental variables in raster
format and locations of presence of the studied taxon.

SSER module (Species Suitability for Forest Restoration): it orders the species
according to their suitability or ecological approval for a given location or stand, in
a similar way to the PINARES program. It also calculates the forecast of biomass
fixation per hectare for those taxa with non-zero suitability, by decades, up to a
maximum of 40 years.

FSR Module (Similarity between Forest Locations): indicates the seed source of the
chosen species that most closely resembles the studied stand.

The five implemented calculators are:

1.

Edaphic calculator: allows obtaining the soil variables for each profile that will be
used in the modules from data obtained by horizon analysis. It also allows the
calculation of these variables on the surface, being able to vary the depth
considered as superficial.

Climate calculator. provides a wide range of climate variables from raw data
from weather locations or raster models of monthly precipitation and
temperature.

Combined calculator. integrates, in a single procedure, the two previous
calculators to produce a single output file directly usable in the SSER and FSR
modules.

Mahalanobis distance calculator: calculates the ecological distances, for a given
taxon, between a set of source points for forest reproductive material and another
set of destination points where this material can be planted, providing the
ecological variables considered of interest.

Biomass calculator: computes the total biomass per hectare accumulated in a
reforelocation of a given taxon or mixture of taxa, as a function of age and
location and, optionally, of the current density of the plantation.

The first three calculators return the result in the format and units necessary to be

used in any of the three modules mentioned above (see section 6).



4 CONCEPTUAL BASIS.

4.1 Algorithms for calculating suitability indices.

The algorithms used to calculate the suitability used in the SDM and SSER modules are
described in sections 411 and 4.12. The calculation logic is identical in both cases. The
validation methods described in section 4.2 are applicable only, by their very nature,
in the SDM module. Section 4.3 summarises the Marginality Index (MI) indicator that
can be applied in the SSER module and the output options of the SDM module.

A very brief description of the algorithms used is given below. The reader is referred to

the referenced publications for further details.

411  Factor index (Factorial potential index, FP1)

This index has been used for years in the autecology of forest species, and it
quantitatively establishes the contribution of each parameter (environmental
variable) to the suitability of the location concerning the species studied, based on
the position occupied within the marginal or central habitat by the value taken by the
corresponding parameter. Each parameter has defined its upper (ULi) and lower (LLi)
limits, its upper (UTi) and lower (UTi) thresholds and its mean (Mi). The suitability index
is calculated using a function that involves the product of the values obtained for
each parameter, in such a way that it is bounded between 0 and 1 (Rubio and

Sdnchez Palomares, 2006).

412 Additive Index (Additive Potential Index, API)

This suitability index is based on the application of field theory to ecology, EFT in its
acronym in English (Wu et al, 1985), applied to the non-Euclidean p-dimensional
space that defines the p parameters defining the habitat (Alonso Ponce et al., 2010b,
2010a).

The way to quantify the influence of the set of observations at each point of P consists
of a distance-dependent function (potential function), defined in a way that allows
the index to have an additive character, to be monotonically decreasing with
distance and to return values bounded between 0 and 1 to facilitate the comparison

between different species and territories.

4.2 Validation of suitability models

In order to understand how the application performs cross-validation in the SDM
module, this procedure is explained in more detail below. In case you wish to go

deeper into the theoretical aspects of the method, you can access various



publications on which it is based, the references of which are provided throughout the

text

The procedure begins by subdividing the set of starting data into two groups, the
training subsample and the validation subsample. This subdivision can be carried out
as many times (replicates) as desired (oonsidering the computational demand that
this may entail). Both sets of data are created using a random selection without
replacement from the total set of data. The percentages into which the original
sample is divided are established with default values of 70% for the training
subsample and 30% for the validation subsample (Fielding and Bell, 1997). These

percentages can be modified by the user.

The generation of model replicates aims not only to provide a final prediction that is
an average of the models obtained, but also to simultaneously evaluate the
robustness of the prediction based on the range and standard deviation of the
suitability values. Moreover, it allows to assess, as will be seen below, whether there
are significant differences between the prediction made and the one that would be

given by a completely random model.

In addition, for each of the replicates the sensitivity of the model is calculated, defined
as the percentage of presence records whose suitability index is greater than the
threshold established for extramarginality (Fawcett, 2008).

On the other hand, the similarity between the calibration and validation samples is
also evaluated (either by subsampling or with an independent sample) using the
Kolmogorov-Smirnoff test for empirical distributions. The robust generalisation of this
test is applied (Garcia Pérez, 2005; Mee, 1990).

Finally, the system generates the Boyce-Hirzel curve not only to assess the validity of
the suitability index prediction but also to establish, in a more objective way than a
mere division into quartiles, classes of the suitability index (extramarginal, marginal,
adequate and optimal). This method is an adaptation (Alonso Ponce et al, 201) of that
proposed by Hirzel et al. (2006) and Boyce et al. (2002). The essence of the method is
to compare the prediction of the ecological suitability (or potential or aptitude) of a
territory for a given species with what could be expected by chance. From this curve,
the values of the suitability index (API or FPI) are established, which define the

thresholds of the suitability classes mentioned.

The starting point is the suitability model, calculated using any of the algorithms (FPI
or API), applied to a target territory (raster layer in UTM projection). In this raster, each
cell will have a value between 0 and 1, which corresponds to the suitability prediction
for that cell. What is desired to check is whether the generated model predicts high

suitability values for the species (and, as a consequence, a high probability that these



are locations of its effective niche) at points where there is information on the proven

existence of the species.

First, the value of the suitability index is normalized so that it varies exactly between 0
and 1, that is, the maximum value found is “stretched” to 1 and the minimum to 0, with
the rest of the intermediate values being normalized proportionally. Once the
predicted value of the normalized suitability index has been assigned to the n points
of the sample, the number of them with a value between 0 and the window width is
counted (see section 5.1.2), which is set by default at 010, ie. 10% of the maximum
suitability value found. This number of points is divided by n (the total number of
points) to obtain the probability p; that each observation in the validation sample,
according to the model, has values within that interval. The window is then moved by
several units equal to the offset (set by default to 0.02, i.e. 2%) and the calculation of pi
is repeated, and so on until the last window is reached, which will logically be the
interval [Fwindow width, 1.00]. The default values for the window width and its offset
are those proposed by Hirzel et al (2006), but they can be modified by the user to suit

the size of the available sample or the target territory of the prediction.

Next, in each of these same windows, the probability that a point in the validation
subsample would have, by chance, a value of the suitability index within the range of
the window is calculated. This is nothing more than calculating the percentage of
cells that have received values, according to our model, within the window in question
(ei). Finally, for each window i, the quotient with which the evaluation is made is

calculated, which is pi/ei.

If the model works well (ie. it predicts high suitability where the species actually
inhabits, and low suitability where it does not), in the areas of high suitability there will
be many more observations than would be expected by chance, so that pi>>ei, and
the pi/ei ratio will tend to become very large, while in the areas of low suitability there
will be few, so the opposite will be true, and therefore the pifei ratio will tend to 0. An
example of a validation curve for a reasonably good model will have a shape like the
blue line in Figure 1, where it can be seen that the curve equals 0 up to normalized AP
(or FPI) values around 035, at which point it begins to grow, although not
monotonically, eventually reaching values around 3.5. Note that the value of the
abscissa is not the value of the suitability index itself (API or FPI) but its normalised

value.

In the same figure, a curve has been added for a sample randomly distributed
throughout the territory, which means that the model will not predict the suitability of
that sample well. Thus, in this case the curve does not deviate greatly throughout its
range of existence [0]] from the value pifei=], which means that, in this case, the
model does not predict better than if it were done randomly. This could even be



worse in the case where the pifei quotient had values close to 0 for high API figures,
since this would indicate that the model predicts low suitability indices where the
species is present.

35
— MODEL_BH

3 RANDOM_BH

. /_/"\ /

0 0.2 04 0.6 08 1
APl

Figura 1. Example of a validation curve for a reasonably good model (blue line) and a curve for a
sample randomly distributed across the territory (orange line).

To define the four prediction zones: extramarginal, marginal, adequate and optimal,
we rely on the examination of the curve: the normalized API (or FPI) range in which the
curve is below 1 must be considered extramarginal for the species since the model
does not predict better than a random distribution. When it exceeds the value of 1 but
does not have a slope that makes it separate from the straight line pi/e=, that is, until
there is a clear change in slope, this section will be considered marginal; when it is
pi/e >\, then it will be adequate or optimal (Figure 2).

The boundary between these last two classes can also be established where a
change in the slope of the curve is observed, for example. Figure 2 shows, as an
example, the boundaries between classes for normalized API values of 0.62, 0.65 and
0.85.

35 ]
— MODEL_BH suitable

3 RANDOM_BH

extramarginal
2 optimal

o /_/J/\'
D - T
o 0.2 0.4 06 0.8 1

API

marginal

Figura 2. Example of suitability class discrimination (applied to the blue line)



In case a number of replicates greater than 1 has been established, the average
validation curve of all replicates and a confidence interval of the curve is then
constructed, which provides valuable information on the stability of the model for the

entire range of API or FPI existence (Figure 3).

35
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Figura 3. Example of validation curve confidence intervals.

Using this method, the definition of the extramarginality threshold (below which it is
assumed that the model does not predict the presence of the species) is based on
perfectly objective criterig, since it excludes predictions whose difference from what
could be obtained by chance is not statistically significant. Furthermore, although the
division into classes involves a certain amount of subjectivity on the part of the user, it
allows for the establishment of a reasonably objective criterion that is preferable to
the arbitrary assignment by quantiles.

4.3 The Marginality Index (MI)

The EcoMarginal model (Gémez-Sanz, 2019), which can be applied in the SSER module
and the output options of the SDM module, integrates a set of indicators that allow
the hierarchical evaluation of the degree of ecological marginality of a given location
based on the specific environmental requirements of each species. The starting
hypothesis is that the condition of ecological marginality occurs in spaces of the
environmental hypervolume defined by the values furthest from the ecological
optimum, that is, at the edges of the cloud of observation points that allows the
delimitation of the environmental space of a species. If it is assumed that the biotic
context is independent, and it is accepted that it is the abiotic conditions that impose
physiological limits on the species’ capacity to persist in a given location, the
estimation of the degree of ecological marginality can approximate the evaluation of
the stability of the species (positive population growth) in the corresponding

geographic area.



Thus, the model proposes that for a given species at a given location, the degree of
marginality of parameter ", which belongs to parameter group §° (mij), can be
approximated using an algorithm that depends on the observed frequency of values
close to the extreme values of the recorded range of the parameter in the species’
distribution area. The identification of the corresponding limit values and thresholds,
which delimit the marginality conditions, uses the same criteria as those established

for the FPI and API algorithms.

The value of the indicator is bounded between the values -1 and 1, which indicate an
extreme (unacceptable) marginality, lower and higher respectively, of the value of the
parameter considered at the location for the species of interest. Values of 0 in the
indicator indicate full ecological suitability, with a total absence of marginality. Severe
ecological limitations may be associated with values of the indicator that are
between 0.8 and 1, in absolute value, and notable if they are between 0.5 and 0.8, also
in absolute value. On the other hand, ecological limitations are moderate if the
indicator takes absolute values between 0.2 and 0.5 and slight if it is between 0.2 and
0. The sign of the indicator reveals whether marginality occurs at the maximum
values of the range of variation of the parameter in the distribution area of the
species, when it takes values greater than 0, or if it does so at the minimum values of
the same, when it takes values lower than 0.



4.4 Taxon and variable codes used by ModERFoRest

To make the application as easy as possible to use, the same data model (both input

and output) and the same taxon coding are used in all ModERFoRest modules and

tools. The set of taxa integrated in the three modules is not the same as that used in

the biomass calculator, both are detailed in Table 2 and Table 3.

Tabla 2. Coding of taxa available in the three ModERFORest modules and, where applicable, of

the result returned by the site quality predictive equations.

Result returned by the site quality prediction

Species Code e
Abies alba AAB -
Castanea sativa CST -
Fagus sylvatica FSY Dominant height (m) at 100 years
Juniperus thurifera JTH Dominant height (m) at 100 years
Monteverde® MON -
Pinus canariensis PCA Dominant height (m) at 50 years
Pinus halepensis PHP Quallity class*
Pinus nigra PNG Average height (m) at 50 years
Pinus pinaster ssp. atlantica PPTA Quality class
Pinus pinaster ssp. mesogeensis PPTM Quality class
Pinus pinea PPN Average height (m) at 50 years
Pinus radiata PRA Quality class
Pinus sylvestris PSY Quality class
Pinus uncinata PUN -
Prunus avium PAV -
Quercus faginea QFG -
Quercus ilex ssp. ballota QIXB -
Quercus ilex ssp. ilex QIXI -
Quercus petraea QPT -
Quercus pyrenaica QPY -
Quercus robur QRB -
Quercus suber QsB -

8 Monteverde is not a taxon but a community, the term ‘taxon’ is used throughout the text for ease

reading.
4 See Table 4.
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Tabla 3.Taxa coding available in the biomass calculator.

Species Code
Abies alba AAB
Betula sp. BTL
Productive conifers in the Atlantic zone CONIF_ATL
Mediterranean conifers CONIF_MED
Conifers CONIF_MIX
Mountain conifers CONIF_MONT
Castanea sativa CST
Castanea x hybrida CXH
Eucalyptus globulus EGL
Eucalyptus nitens ENI
Deciduous broadleaves FROND_CAD
Marcescent broadleaves FROND_MARC
Deciduous FROND_MIX

Medium arid evergreen hardwoods

Evergreen broadleaves Mediterranean area

Fraxinus sp.

Fagus sylvatica

Juniperus sp.

Juniperus thurifera

Olea europaea

Prunus avium

Pinus halepensis

Pinus nigra

Pinus pinea

Pinus pinaster var. atlantica
Pinus pinaster var. mediterranea
Pinus radiata

Pinus sylvestris

Pinus uncinata

Populus x hybrida

Quercus faginea

Quercus ilex ssp. ballota
Quercus ilex ssp. ilex
Quercus petraea

Quercus pyrenaica

Quercus robur

FROND_PER_AR
FROND_PER_MED
FRX
FSY
JNP
JTH
OEA
PAV
PHP
PNG
PPN
PPTA
PPTM
PRA
PSY
PUN
PXH
QFG
QIXB
QXI
QPT
QPY

QRB



Species Code
Quercus suber QSB
Mixtures or unspecified TODAS_MIX

Tabla 4.Variables and units used in ModERFoRest.

ID Identifier Units Definition
ALT Altitude m Altitude above sea level
SLP Slope % Slope of the terrain
INS Insolation - (Gandullo, 1974)
TP Total precipitation mm Sum of the 12 monthly rainfalls
SPP Spring precipitation mm Sum of spring precipitation (March, April, May)
SUP Summer precipitation mm Sum of summer rainfall (June, July, August)
. Sum of autumn precipitation (September,
AP Fall precipitation mm
October, November)
. . Sum of winter precipitation (December,
WP Winter precipitation mm
January, February)
Average of the 12 monthly average
AVGT Average annual temperature  °C
temperatures
SPT Average spring temperature °C Average temperatures for the spring months
Average summer
SUT °C Average temperatures of the summer months
temperature
Average autumn
AT °C Average temperatures for the autumn months
temperature
WT Average winter temperature °C Average temperatures of the winter months
XT Maximum annual oG Average of the 12 monthly moaximum
temperature temperatures
XTH Maximum temperature of the o Maximum temperature of the month with the
warmest month highest average temperature
SPXT Maximum spring temperature  °C Average spring maximum temperatures
Maoximum summer )
SUXT °C Average summer maximum temperatures
temperature
Maoximum autumn ) )
AXT °C Average maximum temperatures in autumn
temperature
WXT Maximum winter temperature  °C Average winter maximum temperatures
NT Minimum annual oG Average of the 12 monthly minimum
temperature temperatures
NTG Minimum temperature of the oG Minimum temperature of the month with the
coldest month lowest average temperature
SPNT Minimum spring temperature  °C Average minimum temperatures in spring
Minimum summer -
SUNT °C Average minimum summer temperatures
temperature
ANT °C Average minimum temperatures in autumn

Minimum autumn



ID Identifier Units Definition
temperature
WNT Minimum winter temperature  °C Average minimum winter temperatures
Average temperature of the Minimum of the twelve monthly average
AVGTC °C
coldest month temperatures
AVGTH Average temperature of the oo Maximum of the twelve average monthly
warmest month temperatures
Difference between the average temperature
AVGOSC Average oscillation °C of the warmest month and that of the coldest
month
Difference between the maximum temperature
XNOSC Maximum oscillation °C of the warmest month and the minimum
temperature of the coldest month (TXC—TNF)
NCM Number of cold months months Number of months in which T<6
i Number of months in which the 2 x temperature
DRL Duration of drought months . .
curve is above the precipitation curve.
DRI Intensity of drought °f Ratio between dry area and wet area
G Vegetative period months Number of months in which T26°C and P22T
ET Evapotranspiration mm Sum of the 12 ETPs according to Thornthwaite
- Sum of monthly ETP-P differences, provided that
DEF Sum of deficits mm
ETP>P
Sum of monthly P-ETP differences, provided that
SUR Sum of surpluses mm
P>ETP
. . Indicator synthesis of SUP, DEF and ETP
HI Water index adim .
according to the formula IH=(100SUP-60DEF)/ETP
VI Vernet index °oC/mm (Vernet and Vernet, 1966)
M Martonne aridity index mm/°C PT/(TM+10)
Lithofacies coefficient for PPF
KP _ - (Gandullo and Serrada, 1977)
calculation
Number of hours of
NH ) hours
sunshine/year
LAT Latitude °
Pl Patterson Index mm-month (Gandullo and Serrada, 1977)
FPP Potential forest productivity m3/hafyear (Gandullo and Serrada, 1977)
E Emberger aridity index mm/K? 100*PT/(TMC>TMF?) (in degrees Kelvin)
Average of the monthly difference between the
osC Average monthly fluctuation mm average of the maximum and minimum
temperatures
ISOT Isothermality adim 100*OSC/OSCXN
PCV Seasonality of precipitation adim Coefficient of variation of monthly precipitation
. . Number of months with average temperature
FP Freezing period months
below 0°C
. . Number of months with average minimum
PFP Probable freezing period months

temperature below 0°C



ID Identifier Units Definition
W3 Average temperature of the oo Average temperatures of the wettest quarter
wettest quarter (of the possible 12 quarters)
D3 Average temperature of the oo Average temperatures of the driest quarter (of
driest quarter the possible 12 quarters)
PW3 Precipitation of the warmest m Sum of precipitation in the warmest quarter (of
quarter the 12 possible quarters)
pC3 Precipitation in the coldest m Sum of precipitation in the coldest quarter (of
quarter the 12 possible quarters)
) Thickness-weighted average of horizons of the
FE Fine earth % ) ) )
% of particles with a diameter less than 2 mm
Thickness-weighted average of the % of
SAND Sand % particles with a diameter between 2000 and 50
pm
SILT Silt ¥ Thickness-weighted average of the % of
) particles with a diameter between 50 and 2 um
Thickness-weighted average of horizons of the
CLAY Clay % . . )
% of particles with a diameter less than 2 um
. Weighted average of the % of OM of each
oM Organic matter % . . -
horizon according to Russell and Moore criteria.
. Weighted average of the % of OM in the horizons
TOM Surface organic matter % L -
existing in the superficial 25 cm
Weighted average of pH in water according to
PH Current acidity PH 9 d ) |O. 9
Russell and Moore criteria.
- Weighted average of pH in IN KCI solution
PHK Acidity of change pH 9 . N P o
according to Russell and Moore criteria.
COND Conductivity pS/cm Electrical conductivity of saturated soil paste.
Weighted average of the N contents of each
N Nitrogen % horizon according to the Russell and Moore
criteria.
) Weighted average of N contents in the horizons
TN Surface nitrogen % S
existing in the top 25 cm
TEN Surface Carbon/Nitrogen adim Weighted average of the C/N ratios in the
Ratio horizons existing in the top 25 cm
Weighted average of the P contents of each
P Phosphorus ppmM horizon according to the Russell and Moore
criteria.
Weighted average of the K contents of each
K Potassium ppm horizon according to the Russell and Moore
criterion.
. Weighted average of the Ca contents of each
CA Calcium ppm . . -
horizon according to Russell and Moore criteria.
. Weighted average of the Mg contents of each
MG Magnesium ppm . . -
horizon according to Russell and Moore criteria.
. Weighted average of the Na contents of each
NA Sodium ppm

horizon according to Russell and Moore criteria.



ID Identifier Units Definition
) Weighted average of the % of OXFE of each
FO I[ron oxides % . . -
horizon according to Russell and Moore criteria.
. Weighted average of the % CIN of each horizon
INC Inactive carbonates % ) L
according to Russell and Moore criteria.
. Weighted average of the CAC % of each horizon
ACC Active carbonates % ) L
according to Russell and Moore criteria.
Weighted average by thickness of each horizon
ME Equivalent humidity % of the HE of each of them based on the % of OM,
Clay and Silt.
Coefficient of cementation )
ccce , adim (Gandullo, 2000)
capacity
Coefficient of impermeabilit
sic : P Y adim (Gandullo, 2000)
due to silt
PERM Permeability adim (Gondullo, 2000)
Available water holding )
AWHC . mm (Domlngo Santos et al, 2006)
capacity
MINRES Minimum soil reserve mm (Gondullo, 2000)
Maximum possible actual
ETM P o mm (Gondullo, 2000)
evapotranspiration
PDR Physiological drought mm (Gandullo, 2000)
DRN Calculated drainage mm (Gondullo, 2000)
4.5 Starting the application

The current version of ModERFoRest provides an installer, which can be downloaded

from this link. Simply run it and follow its instructions to complete the installation. If a

Windows security warning appeadrs when you run the application for the first time, you

will need to click on “More information” and then on “Run anyway” to open it. The first

time you run the application, you will also be asked to choose the language (currently

Spanish, Catalan and English are available).

Once started, a window will appear in which four menus are available (Figure 4):

The File menu allows you to close the application.

The Help menu contains this manual in PDF format.

The Modules menu allows you to access each of the three modules described
in section 5 of this text. Alternatively, you can access each of the modules by
clicking on the corresponding icon that appears below the menus.

Finally, in the Tools menu you can open any of the five calculators (edaphic,
climatic, combined, Mahalanobis distance or biomoss) available in the

application.


https://www.inia.es/serviciosyrecursos/recursosinformaticos/modernforest/Paginas/ModERFoRest.aspx
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Figura 4. ModERFoRest start window with the Modules menu displayed.



5 MODERFOREST MODULES

51 SDM module (Species Distribution Models)

After clicking on the Modules menu and then on SDM (or directly on the icon
available in the toolbar) the window corresponding to that module will open. Within it
there are three submenus available: Input Options, Model Options and Output Options
(marked in green in Figure 5).

@ MODelling Environmental Requirements for FOrest Restoration :: 4.0.0 - SDM module - a X

File Modules Tools

Input options

Presence

File FCESO[ISSUESf\ssuc,l'Hfmputs[input,sdm,\dstringcsv‘ I n Specics | Abies alba ¥ | [] Use recommended variables for the specios

User's environmental variables Recommended environmental variables

Select the directory where your environmental variables (%asc or *1iff) are stored Please, notice that all environmental variables in that directory will be
used, but no previously existing niche mode! will be considered.

|MDD[FFDR[ST_4,EI]2.?\7_PPOC[SD[ISSU[S] sssss _114/inputs/RASTERS _MDES .

Enviromental variables raster files

G
[T e

Modelling options

27 Help Run

Figura 5. SDM module submenus.

5.11 Input options submenu.

This submenu allows you to define both the presence data of the taxon to be
modelled and the rasters (in UTM projection) of environmental variables that will
define its habitat.

All species distribution modelling techniques require, at a minimum, a presence
database. Presences are understood as those geographical locations, with their
climatic, physiographic or edaphic characteristics, in which a given species is
currently found. The location of the observations included in this presence file must
represent as best as possible the current distribution of the taxon to be modelled, so it
is best to derive it from a statistical design. In addition, it is recommended to have at
least 30 observations representative of the variability of the taxon's habitat to obtain

minimally reliable results.

Observations considered as presences will be entered into the using a CSV file, simply
by indicating their location in the corresponding text box (Figure 6), or by selecting the
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range of values in Excel and dragging and dropping them into the text box. This drag-

and-drop option from Excel is available for all modules and tools in the application.

This file® must contain only three columns, the first one being an identifier of the point
and the following two the UTM coordinates in the desired reference system (Figure 7)
which must coincide with the one defined in the environmental variable rasters.

@ MODelling Environmental Requirements for FOrest Restoration :: 4.0.0 - SDM module - [m] X

Input options

Presence

Fila [C[SD[ISSLI[S]\ssun_ﬂ4]mputsflnput_sdm_\dstnngcsvl! n Species | Juniperus thurifera| ¥ | [] Use recommended variables for the species

User's environmental variables Recommended environmental variables

Select the directory where your environmental variabies (~asc or *1iff) are stored Please, notice that all environmental variables in that directory will be
used, but no previously existing niche model will be considercd.

mMoDcRFoREST,A.DJ'H?,Pkoctsof\ssucshssuc,llAhnputsfP.Asrcks,MD:s.

Enviromental variables raster files

ot
ot

Modalling options

Output options

Figura 6. SDM module input options window. In blue, text box for entering the path to the
presence file of the taxon of interest or where to drop and drag from Excel; in orange, path
to the folder where the environmental variable rasters are located; in green, check box to

use the environmental variables pre-set by ModERFoRest for each species in the catalogue.

1D X30 Y30
1 906125 4700028
2 907124 4700099
3 911122 4700382
4 912122 4700452
5 921613 4654091

Figura 7. Example of the fields and records in the input file with presence records.

The user can browse, and edit, the presence file by clicking on the button n (Figure

8).

5 Template in excel format is provided.
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@ presence file X

Point I X ¥

448784.00 4548835.00

2 \P_3EDD 44586000 4545856100
3 P_3600 452888.00 454576100
4 P_3602 45587100 454475200
5 P_3604 456935.00 4547757.00
6 P_3608 4B3785.00 4546785.00
7 P_3607 42283400 4526805.00
8 P_3608 425887.00 4525730.00
9 P_3609 42493300 452379500
10 P_36N 43386300 4530846.00

n  P_3812 434807.00 4533719.00

1B 3Rl 49887800 AR3ZANON

Figura 8. Presence file editing box.

The environmental variable rasters must share the same coordinate reference
system (it does not matter which one it is as long as they are projected coordinates),
as well as the cell size. Their extension may not be the same, although, logically, the
result can only be calculated at the intersection of all the rasters. The way to indicate
to the application the rasters to be used is by entering the folder where these files are
in the corresponding window (Figure 6). All the files existing in this path will be used,
and it will be necessary to assign a label to each raster loaded, simply by choosing it
from the drop-down menu to the left of each file name (Figure 9). The formats
supported by the application are *asc and *tiff, but in the same folder there cannot
be rasters of both formats; that is, the analysis must be executed with either *asc or
*tiff files. It is not mandatory to stick to the variables available in the application; the

users can use and label those they consider convenient.

It is important to bear in mind that the more raster files of environmental variables
used, the longer the calculation process will be and not necessarily the better the
result. The existence of strong correlations between environmental variables often
means that the introduction of more variables becomes redundant or even
counterproductive, as it masks the effect of other parameters.

The environmental variables used are left to the user's discretion. However, the
application allows the user to activate the option "Use variables recommended for
the species’, which will be different for each of the species studied in the RTA2010-
00095 project in which the synthesis of all the autecology projects of this line of
research was carried out. If this box is activated, the application will ask the user for
specific environmental variables, with the option of using only climatic variables or a
combination of climatic and soil variables (Figure 10).
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& MoDeli i R for FOrest 2 4.0.0 - 5D module - ] hs

Input options
Frosonce

Filo DCESOfISSUES/issue_TI4finputs finput_sdm _idstringcsy

. n [— ] Use recermemended verictles for the specics

Usor's onvironmental voricbiles Rocommanded ervironmantal voriobio:

Saloct ¥ whore your wvariablos (*.osc or *tiif) oro stored Flaase. notice that all enwironmental wariablos in that directony will ba
used but no previously existing niche mode! will be considered

MODERFOREST_4.0/2317_PROCESO/ISSUES) anuc_ﬂ-h'inputn(RJ\&Tl:-?S_MDl:5.

Erviromental voriobles raster files

¥ | mod_otposc

DR mod_ptasc

DRN mod_tmasc

ETM
FE

FO LI
P

mogolling options |

Output options.

Figura 9. Drop-down for assigning a label to each loaded environmental variable.

@ MODelling al Requi for FOrest ion s 4.0.0 - SDM module - o X

Input options ‘

Presence

File ’JC[‘S{]I\S‘SU[S{lssuc,m/\nputsflnput,sﬂm,lﬁstrmgcsv‘ ' nspcclcs | Juniperus thuriforal v Use recommended variables for the spacies ]

Usor's environmental vaoriables | Recommended environmental variables

Select the file (“.asc or *1iff) for each required environmental variable. Please, notice that the set of required climatic variables may change if soil
variables are included.

Ploase seloct an option:
{® Only climatic variables
o Climatic and edaphic varicbles
ENM and files association
NT [ | - |
XTH [ | -
| | [

v |

Modelling options ‘

Output options

Figura 10. Inputs requested when activating the option “‘Use variables recommended for the
species’. After choosing the species of interest (green box), you can choose between using
only climatic variables or a combination of climatic and edaphic variables (orange box).

512 Model options submenu.

In this submenu, the user can select three types of options: algorithm (and its

associated parameters) to be used, model validation method and territory on which
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to apply the suitability index prediction (Figure 1).

The algorithm selection from the two available (see section 41) is done by simply
clicking on the corresponding radio button. In this section, you can also activate the
option to eliminate duplicates from the presence sample (recommended), as well as
the percentile range to be kept for the calculation of the central habitat (by default,
from 10 to 90%).

In the validation section, two general options are provided: either to provide an
independent sample, in which case the data will be requested to be uploaded with
this sample (CSV file or dragged from Excel), or to perform a cross-validation using a
subsample of the presence data set provided in the input options submenu. In this
case, the percentage of the training and validation subsamples, the number of
replications to be performed, and the width and offset of the window to construct the
Boyce-Hirzel curve can be established (see section 4.2). The default values are set at

10 replicates, with validation based on subsamples taking 30% of the data each time.

@ MODelling Environmental Requirements for FOrest Restoration :: 4.0.0 - SDM module - o X

File Modules Tools Help

Input options

Modelling options

Algorithm

O A @ FPI

Remove duplicates

Central habitat percentile |80.00 5

Validation Prediction

O Independent dataset I n

@® Subsample

Validation slide
Validiation window
Random validation subsamplo % [30.00 =

Prediction scope (spatial or temporal): (@ Some os input () Other

N° of replicas
significance lovel
Random seed
Output options
£t Holp

Figura 11. “Model Options” submenu window.

If validation is not desired, it is sufficient to request a single replica in the
corresponding option. In this case, the system will not be able to return the maximum,

minimum or standard deviation of the suitability index prediction as a result.

Finally, in the prediction area section, if a different one is chosen from the one used to
train the model, the user will be asked to load the rasters of the same environmental
variables used in the training but referring to the desired prediction area. This area
may correspond to the same geographic area as the training rasters but for a
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different time scenario. This is, therefore, the method to generate species distribution

models for climatic contexts other than the current one.

513 Output options submenu.

The Output Options allow you to define the directory where all results will be saved
and the name of the corresponding subfolder (Figure 12).

@ MODelling Environmental Requirements for FOrest Restoration :: 4.0.0 - SDM module - [m] X

Filo Modules Tools Help

Input options
Modelling options

Output options

‘Output directory 2317_PROCESO/MANUAL .

Folder name ‘scsswom

[] Generate intermediate raster files
Build environment varicbles histograms

Build scatterplots

T T cosien HINSTERD
Pl CEERANR e rconomin
. N YCORPETITVIOND Lot

Figura 12. “Output Options” submenu window.

The application generates the following default results:
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Five suitability raster layers: mean index value, standard deviation, maximum and
minimum, and coefficient of variation of the mean model.

Marginality indices (Gémez-Sanz, 2019): a raster with the marginality index for each
environmental variable, as well as one for the global climatic variables (if they
exist), another for the soil variables (if they exist) and, finally, one for the global
marginality indicator.

If the environmental variable rasters uploaded by the user contain all the
variables necessary for calculating the site quality of the selected species, a raster
with this calculation is also returned. This site quality is calculated according to the
predictive equations published in the respective publications (see Table 1). To date,
equations exist for the taxa FSY, JTH, PCA, PHP, PNG, PPN, PPTA, PPTM, PRA and PSY.
Summary report (in PDF): including information on the layers and data entered,
the analysis conditions, the habitat derived from the data provided and the model
validation.

Model validation: Boyce-Hirzel plot, unnormalized user-defined cut-off points,
sensitivity and Kolmogorov-Smirnof test (see section 4.2).



In addition, the user can choose other options, depending on the objectives of the

study, which are:

e Histograms of each environmental variable.
e Scatter plots of each pair of environmental variables.

e Rasters of all replicas generated in the session.

Regarding this last option, it is recommended not to use it if the number of replicas is
very high, the study area is very large (heovy rasters) or the computer where the data
is being processed has low disk storage capacity. The format of the output raster

layers will be the same as the one used by the user as input.

514 Example of running a model

In the following example, once the calculation process has been launched after
choosing all the input, modelling and output options and clicking on “Run’, a pop-up
window opens (Figure 13) that allows the user to select the cut-off points to define the
different classes of the suitability index (see section 41). The selection of these points
can be done either by entering the numerical values in the corresponding text boxes
or by clicking on the graph itself. If greater precision is desired, the latter can be
zoomed in using the w, s, a and d keys, or return to the full extent of the graph using

the Esc key.

Important: although these cut-off points appear hormalized in the graph, to view the
classes of the suitability index in a GIS, the non-normalized values are necessary,
which appear already calculated in the PDF report, as will be seen below.
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@ spm (Species Distribution Modelling) - ModERFoRest X

Boyze-Hirzel PifEi values
30.08 £ E
27.17
24.27
2136
18.45
 15.54
=
a
12.63
a.72
6.82
3.91
1.00
-1.25 -
0.00 0.25 0.50 0.75 1.00
Potential (¢/)
Select threshold points
@ Marginal X ¥ mear | | ¥ uci | | Y¥ie | | ZOOM keys:
w, st vert
() Suitable x ¥ mear | | ¥ uci | | ¥ lc | | a,‘d: hariz

escape: Clear

O Optimal X ¥ mear | | Y uci | | Y Ic | |

Figura 13. Choice of cut-off points on the Boyze-Hirzel curve to define the different suitability
classes.

After selecting the points, a window opens informing you of the end of the
calculations and allowing you to finish the process (Figure 14).

SDM x

o All calculations done, check output folder [ S EEaIm/
0_2023/2317_MODERFOREST_4.0/2317_PROCESO/MANUAL/SESSION4]

Figura 14. Process completion window

515 Analyzing the results

If we navigate to the folder indicated at the beginning of the process, the one where
all the results are to be saved, we find that it contains:

e PDFreport.

e Histograms of each variable.

e Scatterplots.

¢ Histogram of the standard deviation of the raster model.

e Intermediate models, as many as replicas, if the option has been chosen.
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Suitability rasters: model mean, minimum, moximum, standard deviation and
coefficient of variation.

Marginality (MI) rasters.

CSV file with information on each replicate (sensitivity, K-S test, minimum, mean
and maximum values for each varioble).

Habitat defined by presence records.

Boyze-Hirzel curve.

Many of the files are included in the PDF report but are generated independently so

they can be easily used in other works. Within the PDF report, the following sections

appear:
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- Output files:

Results Report: SESSION4.pdf
Output files:

Pdf:

Raster:

Plots:

- Analysis Settings:

Settings:

Species

Module

Input presence file:
Presence points:

SESSIONA.pdf

SESSION4_API_mean.asc
SESSION4_API_stddev.asc
SESSION4_API_variation_coeff.asc
SESSION4_API_max.asc
SESSION4_API_min.asc
SESSION4_API_MI_ET.asc
SESSION4_API_MI_TP.asc
SESSION4_API_MI_AVGT.asc
SESSION4_API_MI_EDAPHIC.asc
SESSION4_API_MI_CLIMATIC.asc
SESSION4_API_MI_TOTAL.asc

SESSION4_BHCurve.png
SESSION4_ScPIt_ETTP.png
SESSION4_ScPIt_ETAVGT.png
SESSION4_ScPIt_TPAVGT.png
SESSION4_Hist_ET.png
SESSION4_Hist_TP.png
SESSION4_Hist_ AVGT.png

SESSION4.csv

Juniperus thurifera
SDM

HEEE u L | ] |
30 (0 duplicated, 0 not found/no data)

Input ENM folder: H'EE N e e = em | m o
Algorithm: API
Remove duplicates: Yes
ENM variables: ETTPAVGT
Central habitat percentile: 80
Number of std deviations for b: 2
Validation type: Subsample
Validation slide: 0.02
Validation window: 0.1
Random validation subsample %: 30
Number of replicas: 10
Significance level: 0.05
Random seed: 0
Prediction area: Same as input
Output folder: _ . H_= _E EmEm
Qutput session name: SESSION4
Generate intermediate raster: No
Generate histograms: Yes
Generale scatterplots: Yes
- Habitat derived from data:
Variable 18 LT Rob_mean Mean uT uL StDev CV% Skewness Kurto:
ET 589.507 6058 629.563 635462 676.004 707.369 284129 451301 0503547 0.0765-
TP 610138 70974 80974 813547 94616 106107 10343 127733 0530515 044186
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- Histograms and scatter plots:

Histograms & Scatterplots:

Generate histograms: Yes
Generate scatterplots: Yes

-0.61

-

0.999

-0.61

- Model validation: non-normalized cut-off points and B-H curve:

30.08
27.17
24.27
21.36
18.45

w1554
“

P

12.63

9.72

391

1.00

-1.25

0.00

Model validation:

Boyce-Hirzel plot:

- Sensitivity and K-S test:

Marginal point (not normalized):  0.0385023
Suitable point (not normalized):  0.18955
Optimal point (not normalized):  0.366266
Normalization value: 0.511883
Boyze-Hirzel Pi/Ei values
o
0.25 0.50 0.75 N 100
Potential (¢/)
Sensibility & KS:
Average sensibility (calibration): 100
Average sensibility (validation): 92.2222
Critical value K-S: 0.541837
Average K-S: 0.330159
Replicas that passed K-S: 10/10



It should be noted that, as this is an algorithm that uses only presence data, a higher
sensitivity does not necessarily imply a better result. The sensitivity value should be
used primarily to check that the results of the calibration and validation samples are

not significantly different, an aspect that is also evaluated by means of the K-S test.

And finally, the standard deviation histogram is generated from the values taken by

the cells in each raster of each replica.

Standard deviation histogram:

Std deviation

48240

az1c0

Fraquency

16020

00M 0o0E 0005 0007 COOR 0011 0003 015 2017 013

oo

High values of standard deviation indicate ‘instability” in the prediction of the
suitability index, so what is desirable is a histogram with a very pronounced peak for

values close to 0.

When we represent the average model obtained with a GIS, applying the cut-off
values without normalizing, we obtain the image of the potential areas for the chosen
species, in this case, the oak in the Community of Madrid in Figure 15.

Performing the same calculations, with the same database and variables, but now
applying the FPI algorithm, the result is shown in Figure 16 and Figure 17. As can be
seen, the Boyce-Hirzel curve is quite different, but this is due to the different behaviour

of the algorithm.
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Figura 15. Potential areas for oak in the Community of Madrid according to the suitability index
based on the APl algorithm (yellow: marginal; green: suitable; blue: optimal), considering
three environmental variables: ETP, PT and TM. In pink, distribution of oak according to the

Spanish Forest Map

Boyze-Hirzel PifEi values
0.07 ¥ B

P/E

-0.19
0.714 0.786 0.857 0.929 1.000
Potential (2/)

Figura 16. Validation and cut-off points between classes according to the model calculated
with the FPI algorithm.
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Figura 17. Potential areas for oak in the Community of Madrid according to the suitability index
based on the FPI algorithm (yellow: marginal; green: suitable; blue: optimal), considering
three environmental variables: ETP, PT and TM. In pink, distribution of oak according to the
Spanish Forest Map.

5.2 SSER Module (Species Suitability for Ecological Restoration)

After clicking on the Modules menu and then on SSER (or also directly on the icon %
available in the toolbar), the corresponding window will open (Figure 18). In this
module, the application orders the 22 available tree taxa from most to least suitable
for each of the points or locations provided by the user.

The module window contains four sections:

e Input: path where the data with the environmental variables for each of the
locations to be analysed® are located. The CSV file can be uploaded or
dragged from Excel. The first column must have an identifier for each point. It
must contain all the columns that appear in the template provided, but it is
not necessary for them to have data; obviously, only those for which valid data
exist can be used in the calculation. The meaning of each acronym can be
consulted in Table 4. In addition, if you want to run the biomass calculations,
you will need to complete two columns, one (MUNICIPALITY) with the INE code of
the municipality where each location is situated (the list of all Spanish

8 Template in excel format is provided.
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municipalities with their code is provided in the example data) and another
(NHA) with the planned planting density (ft/ha).

@ MODelling Environmental Requirements for FOrest Restoration :: 4.0 - SSER module - O ®

Type Suggosted by ModeRFoRost | v

@® Climatic (commen)
(O Climatic and edaphic (cemmon)

User defined

/

NTCXTHTP.SPP.SUPHIDRI

Algorithm Settings

Algorithm @® 2Pl [e)ii]

Central habitat percentile 80.00 [

N° Standard Deviations for b 200 [2
Output
Output dircctory ‘ ‘ -

Output file name ‘PRLI[I]A_A[RF ‘

Figura 18. SSER module window with the four sections highlighted in orange and the variable

selection drop-down in green. The selected variables are listed where the green arrow
indicates.

Variables: allows you to choose between two options:

a) Variables proposed by ModERFoRest, within which, in turn, one can choose
between two alternatives: i) only climatic variables; and ii) climatic and
edaphic variables.

b) Variables selected by the user. In this case, a new form opens where
variables can be selected (Figure 19), up to a maximum of 15. The selected
variables must have valid data in the input file.

Algorithms: allows you to choose between two algorithms for calculating the

suitability index, with their respective environmental variables (see section 41).

Output: name of the CSV file with the results and path to the folder where to

save it.



@ Variables selection ? X

Select (mm( 15 vc:rs) Climatic

CLIMATIC
EDAFIC
~ FISIOGRAPHIC
[] AT
[]INs
[]stp

Edaphic

Fisiographic

Mumber of selected variables: 0

Figura 19. Form for the selection of variables for the SSER module. The variables are grouped by

type (climatic, edaphic and physiographic).

Once the calculation is executed (by clicking ‘Run”), the application generates two

files:

1.
2.
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A txt file with the list of variables used in the process.

A csv file with three fixed columns and a variable humber of columns depending
on the variables used. Thus, for example, in Figure 20, the three fixed columns
(highlighted in orange) correspond first to the point or location identifier (Pointid),
second to the species and third to the suitability index (API or FPI, depending on
the algorithm chosen). For each location, the species are returned in order from
highest to lowest suitability index. Next, there are the respective columns (in green
in the figure) with the marginality indices (Gémez-Sanz, 2019) of each
environmental variable, as well as of each group of variables (edaphic and
climatic) and total (in blue). It should be noted that if no variable from either group
(climatic or soil) has been selected for the analysis, the climatic marginality index
(IM_CLIMA) or the soil marginality index (IM_EDAF), respectively, will be left without
data (N/A), and the global (IM) will also be left without datal.



IdPunto Especie FPI IM TNE IM TXC IM PT IM PP IM PV IM IH IM ISQ IIH CLIMA IM EDAF IM lIE

19 PNG 0.973211  0.008213 ] ] Q o [ 0 0.008218N/A N/ 12.820632
19 PPTH 0.972633 o o o o o o ] aN/R N/ €.559521
19 QFG 0.969735 0 0 0 [s] 1] 0 1] O N/R N/R N/A
19 QsB 0.967133 0 1] 0 [s] 1] [¢] 1] O N/R N/A N/A
13 CST 0.965377 0 0 -0.004335 o o [ 0 0.004335N/& /R N/B
19 QPY 0.963343 o o o [ s a s O N/A H/A H/A
19 QIXB 0.951517 o 0 o 0 o a o O N/R N/ H/A
19 PHP 0.92783% o 0 0.014445  0.006168 0 0.028421 0 0.028421N/A N/ 4.787624
19 JTH 0.912119  0.114585 0  0.008435 0.006561 0 Q 0  0.114585N/A N/ 11.578095
19 PEN 0.89068 o 0 0.020465 0.028101 0  0.168335 -0.021691 0.16833S N/A N/ 9.153852
19 PAV 0.889596 0 0.004415 o o o o 0.191607 0.151607 H/A N/R N/
19 PSY 0.874209  0.267158  0.26715% 0 0 -0.017214 0 0.023855  0.267159 N/A& /R 6.359272
19 BAB 0 0.930962 1 -0.74%422 -0.619766 -1 -1 1 1N/2 H/A /R
1% FSY 0 0.783832 O -0.016691 -0.961401 -0.006985 1 1N/a H/A 15.279146
19 MON 0 -1 1 1 1 1 1 -1 1N/a N/ N/
19 PCA 0 -1 1 1 1 1 1 -1 1N/& N/ 24.522299
19 PPTA 0 -1 1 -0.218224 -0.10902| -0.005922 -0.09766S 0.105651 1n/3 N/ 5.484563
19 PRA 0 -0.11785 0.952856 -0.956352 -0.666801 -0.361601 -0.98729 0.946762 0.98728 N/A N/ 10.04598%
19 PUN 0 1 1 -0.022135 -0.022891 -1 -0.349231 1 1N/B N/A N/A
19 QIXI 0 0 0.005359 o 0 -0.906332 0 0.127306 0.906332 N/A H/A /R
19 QPT o 0 0.082117 -0.018132 -0.120746 -1 -0.088778 1 1N/a H/A H/A
13/0RB s 0 0.756328  -0.3091% -0.212275 -0.033991 -0.215705| 0.072915  0.756328N/& N/ H/A

Figura 20. Example of the result of the SSER module, with the columns related to the calculation
of ecological suitability, in which only climatic variables have been used.

Tabla 5.Conversion of the values returned by the predictive equations of site quality (CAL) into
dominant height (PPTA and PPTM) or mean height (PHP, PRA and PSY), in meters, at 50 years.

CAL PHP PPTA PPTM PRA PSY
<15 257 >27.4 >19.2 >310 >17.0
[15-25) (13.9-157] (25,6-27.4] (17.8-19.2] (29.0-310] (15.5-17.0]
[25-3.5) (12.0-139] (23,8-25,6] (16,3-17.8] (27.0-29.0] (14.0-15.5]
[35-45) (10.2-12.0] (22.0-238] (14.9-16,3] (25.0-27.0] (125-14.0]
[45-55) (8.4-10.2] (20.2-22.0] (13.4-14,9] (23.0-25.0] (n.o-125]
[55-6.5) (67-84] (18.4-202] (12.0-13.4] (20.0-230] (95-10]
[65-7.5) (49-67] (16.5-184] (10.5-12.0] (17.0-20.0] (8.0-9.5]
[75-85) <49 (14.8-16.5] (911058] (14.0-17.0] (65-80]
[85-95) - (13-14,8] (7.6-91] (Mm.0-14.0] (5.0-65]
205 - <131 <76 <10 <50

In addition, if the variables provided by the user allow it, the site quality index or
predicted site index (column IS in Figure 20) is also calculated for each species at
each location, according to the equations published in the corresponding
monographs. To date, equations exist for the taxa FSY, JTH, PCA, PHP, PNG, PPN, PPTA,
PPTM, PRA and PSY. In the case of FSY, JTH, PCA, PNG and PPN, the value returned by the
application is directly the dominant height at a reference age (see Table 2), while for
PHP, PPTA, PPTM, PRA and PSY the value returned is a numerical value corresponding to
a quality class, whose translation into stand heights is presented in Table 5. For further
details, the user is referred to the respective publications (see Table 1).

It should be noted that not all environmental variables have sufficient data for all taxa

in the ModERFoRest database, so if any of these missing variables are selected for the

36



analysis, no results will be returned for the corresponding taxon. Table 6 shows which
variables are not available for each taxon.

Tabla 6.List of variables not available in the database, by taxa. If any of these variables are
included in the analysis, the module will not return results for the corresponding taxon. IP
and PPF are not available for any of the taxa.

Code Variables without sufficient data in the application database
AAB P,K, CA, MG, NA

CST NA

FSY NA

JTH CIN

MON MOS, COND, NS, NA, OXFE, AWHC, MINRES, ETRMP, SEQF, DREN
PCA MOS, COND, NS, NA, OXFE, AWHC, MINRES, ETRMP, SEQF, DREN
PHP COND, N, NS, CNS, P, K, CA, MG, NA, OXFE

PNG PHK, COND, NA

PPTA COND, P, K, CA, MG, NA

PPTM COND, P, K, CA, MG, NA

PPN COND, P, K, CA, MG, NA
PRA COND, NA

PSY P,K, CA, MG, NA

PUN COND, P, K, CA, MG, NA
PAV -

QFG COND, P, K, CA, MG, NA
QIXB P,K, CA, MG, NA

QIXI P, K, CA, MG, NA

QPT -

QPY COND, P, K, CA, MG, NA
QRB P,K, CA, MG, NA

QsB P, K, CA, MG, NA

Finally, in the same output csv file, to the right of the IS column, the calculations of the
biomass (Mg/ha, see section 65) expected at 10, 20, 30 and 40 years of a hypothetical
repopulation with the corresponding taxon are returned. Only the calculations for
those taxa with non-zero suitability are computed, and only up to the maximum ages
within the range of the data with which the predictive equations were built.
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Since there are up to four types of equations for calculating biomass (see Table 7), all
possible biomass predictions are provided, both for the aboveground and root parts,
as well as the total. Figure 21 shows what the data table would look like. The first two
columns correspond to the municipality and the planting density (if provided by the
user). The next column includes the climatic variable (PT or TM) used in the prediction,
and its value. If this value is outside the range for which the equations were adjusted,
the label “FR” will appear. For each age, 12 columns are provided, labelled as follows:
WX#_YY, where X is A (oboveground biomoss), R (root biomoss), or empty (totol
biomass), # is the number of the equation used (1 to 4, see Table 7), and YY is the age
(10, 20, 30, or 40 years). Thus, for example, in the first row of Figure 21, the value in
column W2_10 indicates that, for that location and that taxon (Pinus nigra from plot 19,
see Figure 20), the total biomass predicted by equation 2 at 10 years is 247 Mg/ha.
When the string N/A appears in a cell, it may be due to: (i) that equation does not exist
for that species, (i) the user has not provided the necessary data for that equation,

(iii) the predicted age exceeds the maximum allowed for the species, or (iv) the

suitability index is null or N/A for that taxon at that location.

Figura 21. Example of output from the SSER module with the columns related to the biomass
calculation. In green and orange, the predictions for 10 and 20 years, respectively. The 30
and 40 year predictions are in adjacent columns to the right, outside the image.

5.3 FSR module (Forest Stands Resemblance)

After clicking on the Modules menu and then on FSR (or also directly on the icon !E
available in the toolbar) the corresponding window will open (Figure 22). In this
module, the application calculates, for each location provided by the user, the most
suitable seed origin, based on its ecological similarity, from among all the locations
contained in the ModERFoRest databases, either from autecology works (Lépez-
Senespleda etal, 2018) or from selected stands studied from an autecological
perspective (Gémez-Sanz et al, 2014). The latter are only available in this version for

Abies alba, Fagus sylvatica, Pinus sylvestris and Pinus uncinata.

Ecological similarity is assessed using the Mahalanobis distance, using the variance-
covariance matrix calculated from the database of autecology works of the

corresponding species. The value of the Mahalanobis distance can range from 0
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(exact equality in all variables between the two locations) to infinity, with the distance

being greater when the homology between locations is lower.

@ MODelling Envirenmental Requirements for FOrest Restoration =2 4.0.0 - FSR module - o X

File Modules Tools Help

Input

CSV File ‘ ‘ - Spocies

Variables
Type suggostod by ModoRFoRost | v I

@ Climatic and edaphic

(O climatic and edaphic (common to all species)
User defined /
Variables selected: AVGTETTRSURTOMT

Output

Output directory ‘ ‘-
Output file name ‘ ‘

Figura 22. FSR module window with the three sections highlighted in orange and the variable

selection drop-down in green. The selected variables are listed where the green arrow
indicates.

The module window contains three sections:

Input: path where the CSV file is located (or a temporary file created
automatically after dragging from Excel)” with the environmental variables for
each of the locations to be analysed. The first column must have an identifier
for each point. A template is provided to facilitate the preparation of this file. It
must contain all the columns that appear in it, but not all of them need to have
data, only those for which valid data exist can be used in the calculation. The
meaning of each acronym can be consulted in Table 4. In addition, it is
necessary to select the taxon for which the ecological similarity is to be
calculated.

Variables: allows you to choose between two options:

a) Variables proposed by ModERFoRest, within which, in turn, you can choose
between two alternatives: i) variables common to all taxa available in the
application: and ii) specific variables.

b) Variables selected by the user. In this case, a new form opens where
variables can be selected, similar to that of the SSER module (Figure 19), up
to a maximum of 15. The selected variables must have valid data in the
input file.

Output: name of the CSV file with the results and path to the folder where to

save it.

7 Template in excel format is provided.
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Once the calculation is executed (by clicking “Run’), the application generates:
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A txt file with the list of variables used in the process.

A csv file with the result of the analysis of the locations contained in the databases
of the autecology works, with six columns (Figure 23): the first corresponds to the
identifier of the point or location (IdPunto) of the user; the second, to the plot in the
autecology database; the third and fourth to the province and municipality where
the plot is located; the fifth to the original identifier of the autecology plot; finally,
the sixth is the distance calculated between the two locations. For each location,
the autecology plots are returned in order from smallest to largest distance (ie,
from greatest to least similarity).

If the chosen species is among the four for which there are official Select Seed
Stand data, a file similar to the previous one is also generated, except that it does
not contain columns for province, municipality and plot identifier.

IdPunto IdPunto (aut Provincia Municipio Parcela Distancia
18 635 Tarragona Vimbodi i Poblet Iv2 1.190143
18 634 Tarragona Vimbodi i Poklet IVl 1.233577
1a 4076 Castelldn Castell de Cabres CS0ZPS 1.885983
19 636 Tarragona La Sénia IV3 1.730387
19 589 Barcelona Santa Fulalia de Riuprimer In07 1.756924
18 1410 Granada Monachil VIz 1.

19 588 Barcelona Santa Eulalia de Riuprimer In0E 1.

18 1409 Granada Monachil VIl 1.

18 €37 Tarragona La Sénia Iv4 1.

18 590 Barcelona Gurb Ta0E 1.

18 4088 Orense Bande CU01pPs 2.

19 825 Zaragoza Luesia ICo7 2.

19 963 Segovia Real 5itio de S5an Ildefonso ITIROE Z.

pa:] 4078 Avila Navarredonda de Gredos AVO1PS z.

19 965 Segovia El Espinar IITIAOQS 2.

18 593 Barcelona Vilanova de Sau Iall 2.

18 592 Barcelona Vilanova de Sau I2l0 2.

18 591 Barcelona Sant Julia de Vilatorta Ia09

18 8975 Guadalajara |Condemios de Arriba ITICO3 2.367005
19 823 Zaragoza Salvatierra de Esca ICOS 2.395282
139 969 Madrid Guadarrama ITIBO1 Z.4301%9
19 971 Madrid Rascafria ITIBO3 2.453113
19 973 |Guadalajara Cantalojas ITIICO1 2.469354
18 594 Barcelona Vilanova de Sau Ializ 2.475642
18 974 Guadalajara Galwve de Sorbe ITICOZ 2.476915
13 €21 Navarra Navascués/Nabaskoze IC03 2.482919
18 8945 Soria Santa Maria de las Hoyas IIB12 2.494773

Figura 23. Example of FSR module resullt.



6 MODERFOREST CALCULATORS

ModERFoRest provides two tools to quickly calculate both climatic and soil variables
from raw field or weather location data, so that they can be easily used in the three
modules of the application, or in any other work. There is also a calculator that allows
both calculators to be integrated and generate a single output file with all the
variables (soil and climatic) ready to be used as input in the SSER and FSR modules. In
addition, this new version provides two new calculators, one for calculating
Mahalanobis distances between two sets of points provided by the user, and another

for the ex-ante estimation of the fixed biomass per reforested hectare.

To access the calculators, simply click on Tools and choose the one you want, or on

the corresponding icon on the icon bar.

6.1 Climate calculator

The climate calculator computes up to 48 climate parameters (see Table 4) from
monthly average precipitation and temperature data (both mean and maximum
and minimum), as well as other additional values specific to certain parameters, as

detailed below.

The tool allows data to be entered either in table form (csv file or by dragging from
excel) or in raster form (*.asc or *tiff format, projected coordinate system), choosing
the corresponding option in the “Input files” section of the calculator window.

If the chosen format is table type (Figure 24), you must provide the path to the
corresponding file, which must have the following 53 columns (in this order®), even if
they do not have data:

e Pointld: row identifier.

e PTI-PTI2: the twelve monthly precipitations.

o TMAXFTMAXI2: the twelve average temperatures of the monthly maximumes.

¢ TMINFTMINIZ: the twelve average monthly minimum temperatures.

e AVGTI-AVGTIZ: the twelve monthly average temperatures.

e LAT: latitude of the point in decimal degrees.

e NH: number of hours of sunshine per year.

e KP: lithological correction coefficient for potential productivity (Gandullo and
Serrada, 1977).

e AWHC: available water holding capacity of the soil (mm).

Apart from the point identifier, only the columns PTI-PTI2 and AVGTI-FAVGTI2 must be
entered. The rest of the variables are not mandatory, but if they are not available, not
all the climatic parameters can be calculated. As mentioned above, even when these

variables are not available, the columns must be present in the input file, although

8 Template in excel format is provided.
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they will appear blank. In addition, by clicking on the corresponding box (green arrow
in Figure 24), a hydric sheet will be generated for each location included in the input
file, provided that the AWHC value is available.

@ Climatic variables calculator - ModERFoRest X
Input
(@ CSV File

O Set of raster files (‘.c:sc: or ‘.tiﬂ')

Input dota

€8V file path lD,‘QS‘I?_PROCESO,‘ISSUES,‘issuc_]ED,‘id_pt_lc:t_crc:d_NUEVO.csv

-

[] Generate hydric report

/

[] simulate CRAD

Output

Output directory )[231?_MODERFO REST_4.0/2317_PROCESO/ISSULS issue_150 ‘ [ = ]

Output CSV name |PARAM_CLI MA_TODOY |

Figura 24. Climate calculator window with the tabular input option. The green arrow indicates
where to select the option to generate the hydric sheets. The blue arrow indicates the
checkbox to activate the AWHC values simulation option.

Tables of climatic variables can be created for a specific location by introducing
temperature and precipitation data that represent a hypothesis (value and time) of
climate change to be simulated, with constant soil conditions, how this hypothesis
can influence the marginality of future or present species (SSER module) and the
suitability of seed sources (FSR module), in case assisted migration is considered

appropriate (see section 3).

If you wish to perform the calculation in raster format (Figure 25), you must indicate to
the application the folder where the rasters are located (in *asc or *tiff format, not
mixed) with the same 48 precipitation and temperature variables as in the previous
case, as well as the raster of sunshine hours, lithological correction coefficient and
AWHC, if available. These three, as well as the moximum and minimum temperatures,
do not have to exist, but, as in the table format, if they are absent, not all the
parameters can be calculated. The raster files can be named as desired as long as
they are prefixed with the variable names listed in the table format. Thus, the January
precipitation raster can be called, for example, PTI_CYL, but not CYL_PTI. It is not
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necessary to include a raster with the latitude, since the program calculates it from
the rasters provided, as long as the hemisphere and the corresponding UTM zone are

entered in the window.

Q Climatic variables calculator - ModERFoRest X
Input

() CsVFile

@ Set of raster files (‘.ﬂsc or ‘.tiﬂ')

Input data

Rasters path ‘ |[ = ]

UTM zone |30 = |

Hemisphere

[] Simulate CRAD

Output

Output directory )IZS]?_MODERFOREST_4.D;‘231?_PROCESO[ISSUE S,‘issuc_]ED‘ [ - ]

Out rasters prefix | |

Figura 25. Climate calculator window with the option of input in the form of rasters. The green
color indicates where to click to select the folder where all the input rasters are located. The
blue arrow indicates the checkbox to activate the option of simulating the AWHC values.

In addition, in both input options (table or raster), it is possible to calculate the soil and
climate parameters by simulating the AWHC values by activating the corresponding
box (blue arrow in Figure 24 and Figure 25). In doing so, the minimum and maximum
values and the interval between AWHC values to be simulated are requested. Thus, in
the example in Figure 26, the calculations would be simulated with AWHC values of 50,
100,150 and 200 mm.
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@ Climatic variables calculator - ModERFoRest *
Input

() CsVFile

@ Set of raster files (‘.c:sc: or ‘.tiﬂ')

Input data

Rasters path ‘ ‘ [ - ]

UTM zone |30 = |

Hemisphere

Simulate CRAD

CRAD simulation info

Min o Step
Output
Output directory )[231?_MODERFOREST_4.D;’231?_PROCESO;’ISSUES;’issuc_]ED ‘ [ - ]

Out rasters prefix | |

Figura 26. Input data required for the simulation of AWHC values. The form is identical for the
raster input option.

The path for the results must be entered in the “Output data” section of the calculator
window. If the table input option has been chosen, the calculator generates a csv file
with the calculated climatic variables for each location and, if the box to generate
hydric sheet has been activated, another file with this result, as shown in Figure 27.
When the Simulate AWHC option is used, the text string AWHC:# will be added to the
point identifier in the results table, where # is the simulated AWHC value for that row in
the results table.

In the case of the raster format, it returns a *asc or *tiff file (depending on the input
format used by the user) for each parameter, although in the case of those that could
not be calculated, they will have the value NaN in all their cells (see Table 4 for the
parameter code and units). When the Simulate AWHC option is used, the output
rasters for each simulated AWHC value will be saved in separate folders called
AWHC#, where # is the AWHC value used for the corresponding simulation.
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Figura 27. Example of output file with the calculated water records. In orange, the identifier of
each location and its AWHC; in green, the variables provided in each hydric sheet.

6.2 Edaphic calculator

The edaphic calculator computes up to 23 parameters at the profile level from the
raw information by horizon (Figure 28). Weighting is done by horizon thickness in the
case of physical soil properties, while it follows the Russell-Moore criterion for
chemical properties (Russel & Moore 1968). In addition, it allows calculating both
organic matter and nitrogen content and the carbon-nitrogen ratio also for the top
horizon of the profile, being the depth of that layer modifiable by the user and set by
default at 25 cm.

The user can drag from Excel or provide a file in CSV® format with the values of the soil
property variables by horizons, as well as an identifier for each profile, for each horizon
(it may or may not be genetic) and its thickness in centimetres. In addition, in the
Continuous Rock column, a 1 must be entered if the immediately lower horizon is a
continuous, non-cracked rock stratum, and 0 otherwise. Finally, in the Slope column,

the slope of the land where the test pit was made must be entered, as a percentage.

® Template in excel format is provided.
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@ Soil parameters calculater ®

Load CSV file | -

Depth limit for top sil properties (cm)

Input data Double click in any value to edit

Profile Horizon Thickness FE Sand  Silt  Clay  OM  pH(woter) pH(KCI) INC  AcCC N P K Ca Mg No

Process data

Output data

Export output data as CSV

Figura 28. Edaphic calculator.

Once the data table is open and you click on Process data, the calculated
parameters per horizon will appear at the bottom of the calculator and can be
exported in CSV format (Export output as CSV).

6.3 Combined calculator

This tool allows, with the same input files used in the two previous calculators, to
generate a single output file with all the calculated variables, ready to be used as
input for the SSER and FSR modules. In the combined calculator it is not possible to
work with raster format, as was done in the climatic calculator. In addition, this
calculator can be used individually (for sail or climatic variables separately) by simply
deactivating the box indicated in Figure 29.

The output file, in the case of having used the combined option, is a single csv with 8l
columns, corresponding to the point identifier, 48 climatic parameters, 25 edaphic
parameters, 4 edaphoclimatic parameters and 3 additional columns for each
physiographic parameter (ALT, PND and INS) that can be completed by the user
before being used in the SSER or FSR modules (in the case of PND it will be already

completed if it has been provided in the input edaphic data).
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ﬁ'! Combined calculator (edafic & climatic) - ModERFoRest =

Input data
Edaphic data file | | ( _ )
Climatic data file | | ( _ )

[] Usersupplies all files {when disobled only individual calculator will be executed)

Output data

Output directory [ = ]

Output CSV name

=

Figura 29. Combined calculator. The input data are identical to those of the individuall
calculators. By unchecking the box marked with the green arrow, it is possible to use the
calculator only as a soil calculator or only as a climate calculator, depending on which

input file is provided.

Finally, the AWHC value can be entered in the climate input file, but can also be
calculated from the edaphic data, the value derived from the latter will have priority
over the former in the case that it is provided in both ways. In any case, the user can,
in the same calculation process, provide the AWHC value through the climate input

file for some locations, and for others calculate it from the edaphic data.

6.4 Mahalanobis distance calculator

This calculator operates in a similar way to the FSR module in that it assesses the
ecological similarity between two sets of locations using the Mahalanobis distance.
However, whereas in that module one of the sets of locations was always extracted
from the ModERFoRest databases, in this calculator the distances are computed

between any two sets of data provided by the user.

The tool prompts the user for two tables for the source and destination locations
(Figure 30, orange box), with at least three columns, one with the point identifier, and
the others with at least two ecological variables with which the calculations are to be

made. These columns must be consistent in both tables (source and torget).
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@ Wshalanobis calculator - ModERFoRest X

Input options

Origin locations i . 1 . N B finput,origcn,lcsv‘[ _ ]
Destingtion locations - e e L W 9. finput_clostinod.csv | [ - ]

Calculator options

Variance-Covariance matrix calculation

[@ Use ModERFoRest variance-covariance matrix (Select taxon) ]

(0 Calculate voriance-covariance matrix using input data (gt least 30 origin locations required)

Specios Abics alba v | ET,TP
Variables selection | Proposed by ModERFoRest v

Qutput options

Output directory ‘ ‘ ( B )
Output CSV name [

Figura 30. Mahalanobis calculator with the option of calculating the variance-covariance
matrix from the ModERFoRest database and variables recommended by the application.

@ Mahslanobis calculator - ModERFoRest %
Input options
Origin locations fx — ] -’mput,omgcnjcsv| ( _ )|
Dostination locations [, __ ey mempem [ g finput_sestinodosv B )
Cacuiator eptions &) Variables viewer X
Verionse-Covarianss matrix salculation Seleot (max 15 variables)

v Mahalancbis variables

@ Use ModERFoRest variance-covarionce matrix (Selec Oer
gow
() Caleulate variance-covarionce matrix using input dof
[ AwHC
Species Abies alba vl
Variables selection | Selected by the user vl

Select variables

Output diractory | | ( - )
Output CSV name |

Figura 31. Mahalanobis calculator with the option to calculate the variance-covariance matrix
from the ModERFoRest database, with the variables chosen by the user. The variable
selection form opens by clicking on Variable selection (green arrow).

Output options

To compute Mahalanobis distances it is hecessary to use the variance-covariance
maitrix of the selected variables (Legendre and Legendre, 1998). The calculator allows
to compute that matrix from the database of the autecology works included in the
application (Figure 30, green box), in which case it is necessary to select the
corresponding species and then offers us either to use the variables recommended
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by the application and indicates which variables they would be (Figure 30, green
orrow), or we can choose the ones we want, in which case the form asks us to choose
them from those available in the two input datasets (Figure 31).

On the other hand, if the source dataset contains at least 30 observations, it is
possible to perform the calculations without considering the variance-covariance
matrix of the application and, consequently, it is not necessary to select any taxon,
and the variables are chosen with the variable selector (Figure 32). In this case, the

variance-covariance matrix is calculated on the fly from the source dataset.

Input options
Origin locations f”,....,‘.. I = = S o.csv‘ [ _ ]
Destination locations f\- JEm _mm ——— I.csv‘ ( _ )|
Calculator options
Variance-Covariance matrix calculation
() Use ModERFoRest variance-covariance matrix (Select taxon)
(® Colculate variance-covariance matrix using input data (at least 30 origin locations required)
@ Variables viewer X
select (max 15 variables)
w Mahalanobis variables
Select variables
D ET
D TP
[ aver
Output opticns
Output diractory | B
Output CSV name [

Figura 32. Mahalanobis calculator with the option to calculate the variance-covariance matrix
from the source data provided by the user. The variable selection form opens by clicking on
Variable Selection (green arrow).

As a result, any of the options described above returns a *.csv file with three columns,
the first containing the identifier of the destination locations, the second containing
the source locations, and the third containing the distances, ordered from smallest to
largest for each destination location (Figure 33). The value of the Mahalanobis
distance can range from 0 (exact equality in all variables between the two locations)
to infinity, with the distance being greater when the homologation between locations
is lower.
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DestinatiorOriginld Distance

Pl 1.175958
Pl 1.595224
Pl 1.678443
Pl 1.342224
Pl 2.248323
Pl 2.44373
Fl . 686053
Fl .3807%96
Pl 386735
Fl .510808
F2 .2TETE3
B2 .T94242
B2 .E85323
B2 .040165
B2 .445903
B2 .63601%

oo k)

[ SN )

SR

[ VR ST . (RRRES R T B L TY Yo ]
= w

[N S N

[T}

Figura 33. Example output file from the Mahalanobis calculator.

6.5 Biomass calculator

This calculator computes the ex-ante fixed biomass per reforested hectare. The
application incorporates the 107 equations adjusted by the ICIFOR Forest Dynamics,
Modelling and Management Group (CSIC-INIA), within the framework of the
MITECO2023AF 20234TE005 Project, 'Bases cientificas de la informacion Forestal:
cambio climdtico y sumideros de Carbono’, for the estimation of the total fixed
biomass per reforested hectare, based on the age, location of the plantation and the
current density of the plantation, for the main forest species used in reforelocation in
mainland Spain. These models include 107 equations that allow the ex-ante estimation
of the biomass per hectare to be fixed by a plantation project. The estimates can
refer to time frames of up to 40 years, although for most species the range is lower. Al

the details about these equations can be found at this link.

To improve the predictive capacity of the models, within these 107 equations there are
several formulations that not only depend on the age and species (or group of
species), but also on the province, the annual precipitation, the average annual
temperature, or the tree density (NHA, trees/ha). The equations calculate the
anhydrous aboveground biomass (WA, Mg/ha), so an estimate of the root biomass
(WR Mg/ha) is also made by applying a root biomass/aboveground biomass ratio
and, finally, the total biomass is computed (W=WA+WR, Mg/ha).

The four different forms of equations available are shown in Table 7. In the case of the
PT or TM variables, to facilitate use, the application incorporates in its database the
average values by municipality, calculated from the information available in the
Iberian Climate Atlas (Aemet, 201).
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Tabla 7. Formulations of the four types of equations available in the biomass calculator. X
represents PT or TM, depending on the taxon of interest. NHA is the density (trees/ha)

Equation Formulation Independent variables
1 doagePo Age, province

2 (ao+arX)age®yteX) Age, PT or TM

3 (ao+aNHA)-age®qo,NHA) Age, province, NHA

4 QoageytoiX Ho,NHA) Age, PT or TM, NHA

Not all formulations are available for all modelled taxa (See list in Table 3), SO
depending on the information provided by the user, the application may calculate

biomass with all formulations, with some, or with none.

The calculator asks the user to enter, either one by one or from a file, the following
data for each farm to be evaluated (Figure 34): IDFINCA (unique identifier for each
farm), province, municipality, species(s), age (years) and density (feet/ha). The only
mandatory fields are IDFINCA, province, species and age, but, logically, the more
complete the information provided, the better predictions can be made. Once the
fields have been filled in, simply click on Add (green arrow in Figure 34) and the
entered records will appear in the lower window. They can no longer be edited in this
window, but they can be deleted, either individually (blue arrow in Figure 34) or using
the Reset button.

With the Use input from file option®, you simply upload or drag it from Excel, following
the same logic as in manual entry, except for the Municipality and Province fields,
which must be entered with their NATCODE" codes. In addition, with this option it is not
mandatory to fill in the Province and Municipality fields. Once uploaded, the records
are also displayed in the lower window, from where they can be deleted individually if

desired.

Finally, the path to the output directory and the name of the csv file where the results
will be written must be entered. These are shown in the form of a table with 20
columns (Figure 35), including those relating to the fields provided by the user, with
the following coding:

e PT:average annual precipitation in the chosen municipality (mm).

e TM:average annual temperature in the chosen municipality (°C).

e WA#: aboveground anhydrous biomass (Mg/ha) according to equation #.
e WR#: anhydrous radical biomass (Mg/ha) according to equation #.

e W#: total anhydrous biomass (Mg/ha) according to equation #.

10 Template in excel format is provided.

T Alist of all Spanish municipalities with their NATCODE code is provided together with the template.
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@ Biomass calculator - ModERFoRest X

Input
@® Entor manual data ©) Use input file
PLOTID PROVINCE MUNICIPALITY SPECIES AGE DENSITY J
D | [Sogovia v] [aviten v [[Finus pinastor var. meditomanca v] [200 ]

PlotiD Municipality

EMEME

Output

Output directory | ‘

Output file name | ‘

Figura 34. Biomass calculator form with the option to enter data manually.

IDFINCMUNICIPI PROVINCIESPECIE(S) EDAD PT ™ NHA WAL WERL Wl WAZ WRZ W2 WA3 WR3 W3 WAL WR4 we

F1 Almazédn Soria Pinus pinaster var. m¢ 15 514.6 11.12 23.34 6.65 30.00 25.69 7.32 33.02

Fz Ayllén Segovia Pinus pinea 1z 532.6 11.2 1200 15.72 3.82 19.54 18.50 4.49 22.99

F3 Ledn Frondosas 8 1500 3.7% 1.27 5.06

Fl19a Blacos Soria Quercus pyrenaica 10 649.6 9.93 1500 3.23 1.14 4.37

F1sE Blacos Soria Quercus ilex ssp. ball 10 649.6 9.93 1500 0.S87 0.31 1.28 2.50 0.81 3.30 1.12 0.3 1.49 3.43 1.11 4.54
F19C Blacos Soria Pinus sylvestris 10 £49.6 9.93 1500 21.449 5.98 27.42 22.35 £.24 28.59 14.78 4.12 18.90 12.17 3.40 15.58
FFR1 Almazan Soria Pinus pinaster var. at 30'514.5 ﬁlll.lleSOO (FF\)I 27.17 7.74 34.91 871.75 248.45 1120.18

Figura 35. Example of a table of results from the biomass calculator. In red, values out of range
for the variables PT and NHA.

As already mentioned, not all equations can be used in all cases. Thus, in the example
in Figure 35, farm F3 does not have a specified municipality, so the PT value cannot be
recovered and therefore it is not feasible to apply equation 2; there are also no results
for equations 3 and 4 because they do not exist for that “species” (hardwoods). In the
case of farm Fl, since the planting density was not provided, equations 3 and 4 cannot
be used. In addition, when any of the independent variables used has values outside
the range for which the equation was adjusted, the corresponding value will appear
labelled with the text string “FR’ (in red in the example). This should alert to the
possibility of unsatisfactory predictions for the equation that uses that out-of-range
variable.
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