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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. 

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 Fora Forest Technologies 
SLL, Carlos Rodríguez Núñez and Karontek S.L.U. 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 
López-Senespleda, Ricardo Ruiz-Peinado, Salvador Sastre, Andrés Bravo, Rafael Serrada, 
Pilar Modrego and Rafael Alonso collaborated under the direction of Otilio Sánchez-
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 Sánchez-Palomares, 
2000; Gandullo and Sánchez Palomares, 1994), a primordial and inspiring application for 
ModERFoRest. 

Since version 4.0.0 the application also includes a new calculator for the ex-ante calculation 
of the fixed biomass per afforested hectare based on the age, location and density of the 
plantation, valid for the main forest species used in young afforestations (validity range 
maximum 40 years) in mainland Spain, as well as a Mahalanobis distance calculator. 
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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 Nicolás 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 
Sánchez-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 species1 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 López-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. Table 1 
presents 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 
afforested hectare, based on the age, location of the plantation and the current density of the 
plantation, for the main forest species used in forestations 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. 

In the new version presented here, in addition to correcting several minor errors, two 
significant improvements have been introduced that deserve to be highlighted. 

First, the latest published equations for the ex-ante and ex-post calculation of biomass per 
hectare sequestered by forest plantations have been included; these calculations are based 
on age, plantation location, height (for ex-post calculations only), and current tree density. 
These models comprise 101 equations enabling the ex-ante estimation of biomass per 
hectare to be sequestered by a plantation project, along with another 34 equations (17 for 
calculating the site index and an equal number for the biomass itself) for ex-post calculations. 
The estimates can cover timeframes of up to 40 years, although the range is shorter for many 
species. 

Secondly, ModERFoRest now allows the use of data from six climate change scenarios—
already built into the application itself—within the SSER module. These six scenarios were 
calculated using the EC-Earth3 Global Climate Model (GCM) for SSPs 2-4.5, 3-7.0, and 5-8.5, 
covering the 2041–2060 and 2061–2080 periods. 

 
1 22 taxa/communities are provided in the application as Pinus pinaster and Quercus ilex species are 
treated separately in their respective subspecies. 
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Finally, it is worth noting that both this version and the previous one (4.0.0) were funded by the 
MITERD under the transfer project MITECO2023-AF-20234TE005 developed by MITERD and 
ICIFOR. 

Table 1. List of publications that document, throughout its entire career, the line of research on which the 
ModERFoRest application is based. 

SPECIES 
No. of 
samples 

Year Reference and authors 

Pinus pinaster (2 
subspecies) 

131 1967 
Ecología de los pinares españoles I. Pinus pinaster Ait. I.F.I.E, Madrid.  

Antonio Nicolás; José Manuel Gandullo 

Pinus sylvestris 127 1969 
Ecología de los pinares españoles II. Pinus sylvestris L. I.F.I.E, Madrid. 

Antonio Nicolás; José Manuel Gandullo; Otilio Sánchez-Palomares 

Pinus halepensis 135 1972 
Ecología de los pinares españoles III. Pinus halepensis Mill. I.F.I.E, Madrid. 

José Manuel Gandullo; Antonio Nicolas; Javier Moro; Otilio Sánchez-Palomares. 

Pinus radiata 174 1974 
Ecología de los pinares españoles IV. Pinus radiata D. Don. INIA, Madrid. 

José Manuel Gandullo; Otilio Sánchez-Palomares; Santiago González-Alonso 

Pinus canariensis 61 1989 
Estudio ecológico del pino canario. ICONA-MAPA, Madrid. 

Alfredo Blanco; Miguel Castroviejo; José Luis Fraile; José Manuel Gandullo; Luis Muñoz; 
Otilio Sánchez-Palomares  

Pinus nigra 123 1991 
Los pinares españoles de Pinus nigra Arn.: Síntesis ecológica. MAPA, Madrid. 

Ramón Elena-Rosselló; Otilio Sánchez-Palomares; Pilar Carretero 

Laurisilva canaria 44 1991 
Estudio ecológico de la laurisilva canaria. ICONA-MAPA. Madrid. 

José Manuel Gandullo; Ángel Bañares; Alfredo Blanco; Miguel Castroviejo; Ángel 
Fernández-López; Luis Muñoz; Otilio Sánchez-Palomares; Rafael Serrada 

Castanea sativa 182 2004 

Las estaciones ecológicas de los castañares españoles. Monografías INIA. Serie 
Forestal nº7, Madrid. 

José Manuel Gandullo; Alfredo Blanco; Otilio Sánchez-Palomares; Agustín Rubio; 
Ramón Elena-Rosselló; Valentín Gómez-Sanz 

Fagus sylvatica 235 2004 

Las estaciones ecológicas de los hayedos españoles. Monografías INIA. Serie Forestal 
nº8, Madrid. 

José Manuel Gandullo; Alfredo Blanco; Otilio Sánchez-Palomares; Agustín Rubio; 
Ramón Elena-Rosselló; Valentín Gómez-Sanz 

Prunus avium 50 2004 
Autoecología del cerezo de monte (Prunus avium L.) en Castilla y León. Tesis Doctoral. 
Universidad Politécnica de Madrid, Madrid.  

Oscar Cisneros 

Quercus suber 173 2007 

Las estaciones ecológicas de los alcornocales españoles. Monografías INIA: Serie 
Forestal, nº 14. Madrid. 

Otilio Sánchez-Palomares; Luis Carlos Jovellar; Luis Alfonso Sarmiento; Agustín Rubio; 
José Manuel Gandullo; Pilar Carretero 

Quercus pyrenaica 340 2008 

Las estaciones ecológicas actuales y potenciales de los rebollares españoles. 
Monografías INIA: Serie Forestal, nº 17. Madrid. 

Otilio Sánchez-Palomares; Sonia Roig; Miren del Río Gaztelurrutia; Agustín Rubio; José 
Manuel Gandullo 

Juniperus thurifera 120 2010 

Las estaciones ecológicas actuales y potenciales de los sabinares albares españoles. 
Monografías INIA: Serie Forestal, nº19. INIA. Madrid. 

Rafael Alonso Ponce; Otilio Sánchez-Palomares; Sonia Roig; Eduardo López-
Senespleda; José Manuel Gandullo 

Pinus uncinata 48 2010 

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

Otilio Sánchez-Palomares; Gregorio Montero; Eduardo López-Senespleda; Ricardo 
Ruiz-Peinado; Andrés Bravo-Oviedo; Salvador Sastre-López; Guillermo Madrigal 
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SPECIES 
No. of 
samples 

Year Reference and authors 

Quercus ilex (2 
subspecies) 

400 2012 

Las estaciones ecológicas actuales y potenciales de los encinares españoles. 
Monografías INIA: Serie Forestal, nº 23. Madrid. 

Otilio Sánchez-Palomares; Eduardo López-Senespleda; Sonia Roig; Antonio Vázquez; 
José Manuel Gandullo 

Pinus pinea 205 2013 

Autoecología paramétrica de Pinus pinea L. en la España peninsular. Monografías INIA: 
Serie Forestal, nº 26. Madrid. 

Otilio Sánchez-Palomares; Eduardo López-Senespleda; Rafael Calama; Ricardo Ruiz-
Peinado;  Gregorio Montero 

Abies alba 43 2013 

Informe final del proyecto RTA2010-00095: Tipificación ecológico selvícola de las 
principales especies forestales españolas. INIA-CIFOR, Madrid. 

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

Quercus petraea 69 2013 

Informe final del proyecto RTA2010-00095: Tipificación ecológico selvícola de las 
principales especies forestales españolas. INIA-CIFOR, Madrid. 

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

Quercus robur 94 2013 

Informe final del proyecto RTA2010-00095: Tipificación ecológico selvícola de las 
principales especies forestales españolas. INIA-CIFOR, Madrid. 

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

Quercus faginea 117 2015 
Autoecología paramétrica de los quejigares españoles. Tesis Doctoral. Universidad de 
Valladolid, Palencia. 

Eduardo López-Senespleda 

TOTAL - 20 2871  30 authors 
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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 afforestation 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 afforestation are: 

A1 - After carrying out the ecological and floristic study of a stand to be replanted, including a 
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 afforestation, 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 
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(RSS) of some species2 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: 

B1 – This utility is analogous to case A1, 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: 

1. 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. 

2. 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. 

3. 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. 

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

3. 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. 

4. 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. 

 
2 In this version Pinus sylvestris, Pinus uncinata, Fagus sylvatica and Abies alba are available. 
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5. Biomass calculator: computes the total biomass per hectare accumulated in an 
afforestation of a given taxon or mixture of taxa, as a function of age and location and, 
optionally, of the current density (ex-ante) and mean height (ex-post) 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 ¡Error! No se encuentra el origen de la 
referencia.). 
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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 4.1.1 and 4.1.2. 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. 

4.1.1 Factor index (Factorial potential index, FPI) 

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 Sánchez Palomares, 2006). 

4.1.2 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 (considering 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. 
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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, 2006). 

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 
(García 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., 2011) 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 5.2.2), which is 
set by default at 0.10, i.e. 10% of the maximum suitability value found. This number of points is 
divided by n (the total number of points) to obtain the probability pi 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 [1-window 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. 
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If the model works well (i.e. 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 pi/ei 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 API (or FPI) values around 0.35, 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 [0,1] from the 
value pi/ei=1, 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 pi/ei 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. 

 

Figure 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/ei=1, that is, until there is a clear change in slope, 
this section will be considered marginal; when it is pi/ei >1, 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. 
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Figure 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). 

 

Figure 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 
criteria, 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 (Gómez-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 
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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 “i”, which belongs to parameter group “j” (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. 

Table 2. Coding of taxa available in the three ModERFoRest modules and, where applicable, of the result 
returned by the site quality predictive equations. 

Species Code 
Result returned by the site quality prediction 

equation 
Abies alba AAB - 
Castanea sativa CST - 
Fagus sylvatica FSY Dominant height (m) at 100 years 
Juniperus thurifera JTH Dominant height (m) at 100 years 
Monteverde3 MON - 
Pinus canariensis PCA Dominant height (m) at 50 years 
Pinus halepensis* PHP Mean height (m) at 50 years 4 
Pinus nigra PNG Mean height (m) at 50 years 
Pinus pinaster ssp. atlantica* PPTA Dominant height (m) at 50 years 
Pinus pinaster ssp. mesogeensis* PPTM Dominant height (m) at 50 years 

 
3 Monteverde is not a taxon but a community, the term ‘taxon’ is used throughout the text for ease of reading. 
4 For PHP, PPTA, PPTM, PRA y PSY, the height computed by the application is an interpolation of the quality classes defined 
in the respective publications (see Table 1). 
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Species Code 
Result returned by the site quality prediction 

equation 
Pinus pinea PPN Mean height (m) at 50 years 
Pinus radiata* PRA Mean height (m) at 50 years 
Pinus sylvestris* PSY Mean height (m) at 50 years 
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 - 

 

Table 3. Coding of the taxa available in the biomass calculator. 

Especie Código 
Abies alba AAB 
Betula sp. BTL 
Castanea sativa CST 
Castanea x hybrida CXH 
Ceratonia siliqua CSQ 
Mountain confiers CONIF_MONT 
Mediterranean conifers CONIF_MED 
Productive conifers in the Atlantic zone CONIF_ATL 
Eucalyptus globulus EGL 
Eucalyptus nitens ENI 
Fagus sylvatica FSY 
Fraxinus sp. FRX 
Deciduous broadleaves in the Atlantic zone FROND_CAD_ATL 
Deciduous broadleaves in the Mediterranean zone FROND_CAD_MED 
Evergreen broadleaves in the Mediterranean zone FROND_PER_MED 
Juniperus sp. JNP 
Juniperus thurifera JTH 
Larix sp. LRX 
Olea europaea OEA 
Pinus halepensis PHP 
Pinus nigra PNG 
Pinus pinaster var. atlantica PPTA 
Pinus pinaster var. mediterranea PPTM 
Pinus pinea PPN 
Pinus radiata PRA 
Pinus sylvestris PSY 
Pinus uncinata PUN 
Populus x hybrida PXH 
Prunus avium PAV 
Pseudotsuga menziesii PMZ 
Quercus faginea QFG 
Quercus ilex ssp. ballota QIXB 
Quercus petraea QPT 
Quercus pyrenaica QPY 
Quercus robur QRB 
Quercus suber QSB 
Sequoia sempervirens SQS 
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Table 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) 

AP Fall precipitation mm 
Sum of autumn precipitation (September, October, 
November) 

WP Winter precipitation mm Sum of winter precipitation (December, January, 
February) 

AVGT Average annual temperature ºC Average of the 12 monthly average temperatures 
SPT Average spring temperature ºC Average temperatures for the spring months 
SUT Average summer temperature ºC Average temperatures of the summer months 
AT Average autumn temperature ºC Average temperatures for the autumn months 
WT Average winter temperature ºC Average temperatures of the winter months 
XT Maximum annual temperature ºC Average of the 12 monthly maximum temperatures 

XTH Maximum temperature of the warmest 
month 

ºC Maximum temperature of the month with the highest 
average temperature 

SPXT Maximum spring temperature ºC Average spring maximum temperatures 
SUXT Maximum summer temperature ºC Average summer maximum temperatures 
AXT Maximum autumn temperature ºC Average maximum temperatures in autumn 
WXT Maximum winter temperature ºC Average winter maximum temperatures 
NT Minimum annual temperature ºC Average of the 12 monthly minimum temperatures 

NTC 
Minimum temperature of the coldest 
month 

ºC 
Minimum temperature of the month with the lowest 
average temperature 

SPNT Minimum spring temperature ºC Average minimum temperatures in spring 
SUNT Minimum summer temperature ºC Average minimum summer temperatures 
ANT Minimum autumn temperature ºC Average minimum temperatures in autumn 
WNT Minimum winter temperature ºC Average minimum winter temperatures 

AVGTC Average temperature of the coldest 
month 

ºC Minimum of the twelve monthly average temperatures 

AVGTH 
Average temperature of the warmest 
month 

ºC Maximum of the twelve average monthly temperatures 

AVGOSC Average oscillation ºC 
Difference between the average temperature of the 
warmest month and that of the coldest month 

XNOSC Maximum oscillation ºC 
Difference between the maximum temperature 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 

DRL Duration of drought months 
Number of months in which the 2 x temperature curve 
is above the precipitation curve. 

DRI Intensity of drought º/1 Ratio between dry area and wet area 
G Vegetative period months Number of months in which T≥6ºC and P≥2T 
ET Evapotranspiration mm Sum of the 12 ETPs according to Thornthwaite 
DEF Sum of deficits mm Sum of monthly ETP-P differences, provided that ETP>P 
SUR Sum of surpluses mm Sum of monthly P-ETP differences, provided that P>ETP 

HI Water index adim 
Indicator synthesis of SUP, DEF and ETP according to 
the formula IH=(100SUP-60DEF)/ETP 

VI Vernet index ºC/mm (Vernet and Vernet, 1966) 
M Martonne aridity index mm/ºC PT/(TM+10) 

KP Lithofacies coefficient for PPF 
calculation 

- (Gandullo and Serrada, 1977) 

NH Number of hours of sunshine/year hours  
LAT Latitude º  
PI Patterson Index mm·month (Gandullo and Serrada, 1977) 
FPP Potential forest productivity m³/ha/year (Gandullo and Serrada, 1977) 
E Emberger aridity index mm/K² 100*PT/(TMC²-TMF²) (in degrees Kelvin) 

OSC Average monthly fluctuation mm 
Average of the monthly difference between the average 
of the maximum and minimum temperatures 

ISOT Isothermality adim 100*OSC/OSCXN 
PCV Seasonality of precipitation adim Coefficient of variation of monthly precipitation 

FP Freezing period months Number of months with average temperature below 
0ºC 

PFP Probable freezing period months Number of months with average minimum temperature 
below 0ºC 

TW3 
Average temperature of the wettest 
quarter 

ºC 
Average temperatures of the wettest quarter (of the 
possible 12 quarters) 

TD3 Average temperature of the driest ºC Average temperatures of the driest quarter (of the 
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ID Identifier Units Definition 
quarter possible 12 quarters) 

PW3 Precipitation of the warmest quarter mm Sum of precipitation in the warmest quarter (of the 12 
possible quarters) 

PC3 Precipitation in the coldest quarter mm 
Sum of precipitation in the coldest quarter (of the 12 
possible quarters) 

FE Fine earth % 
Thickness-weighted average of horizons of the % of 
particles with a diameter less than 2 mm 

SAND Sand % 
Thickness-weighted average of the % of particles with a 
diameter between 2000 and 50 µm 

SILT Silt % Thickness-weighted average of the % of particles with a 
diameter between 50 and 2 µm 

CLAY Clay % 
Thickness-weighted average of horizons of the % of 
particles with a diameter less than 2 µm 

OM Organic matter % 
Weighted average of the % of OM of each horizon 
according to Russell and Moore criteria. 

TOM Topsoil organic matter % 
Weighted average of the % of OM in the horizons 
existing in the top 25 cm 

PH Current acidity pH Weighted average of pH in water according to Russell 
and Moore criteria. 

PHK Acidity of change pH Weighted average of pH in 1N KCl solution according to 
Russell and Moore criteria. 

COND Conductivity µS/cm Electrical conductivity of saturated soil paste. 

N Nitrogen ppm Weighted average of the N contents of each horizon 
according to the Russell and Moore criteria. 

TN Topsoil nitrogen ppm 
Weighted average of N contents in the horizons existing 
in the top 25 cm 

TCN Topsoil Carbon/Nitrogen Ratio adim 
Weighted average of the C/N ratios in the horizons 
existing in the top 25 cm 

P Phosphorus ppm 
Weighted average of the P contents of each horizon 
according to the Russell and Moore criteria. 

K Potassium ppm Weighted average of the K contents of each horizon 
according to the Russell and Moore criterion. 

CA Calcium ppm 
Weighted average of the Ca contents of each horizon 
according to Russell and Moore criteria. 

MG Magnesium ppm 
Weighted average of the Mg contents of each horizon 
according to Russell and Moore criteria. 

NA Sodium ppm 
Weighted average of the Na contents of each horizon 
according to Russell and Moore criteria. 

FO Iron oxides % Weighted average of the % of OXFE of each horizon 
according to Russell and Moore criteria. 

INC Inactive carbonates % Weighted average of the % CIN of each horizon 
according to Russell and Moore criteria. 

ACC Active carbonates % 
Weighted average of the CAC % of each horizon 
according to Russell and Moore criteria. 

ME Equivalent humidity % 
Weighted average by thickness of each horizon of the 
HE of each of them based on the % of OM, Clay and 
Silt. 

CCC Coefficient of cementation capacity adim (Gandullo, 2000) 
SIC Coefficient of impermeability due to silt adim (Gandullo, 2000) 
PERM Permeability adim (Gandullo, 2000) 
AWHC Available water holding capacity mm (Domingo Santos et al., 2006) 
MINRES Minimum soil reserve mm (Gandullo, 2000) 

ETM 
Maximum possible actual 
evapotranspiration 

mm (Gandullo, 2000) 

PDR Physiological drought mm (Gandullo, 2000) 
DRN Calculated drainage mm (Gandullo, 2000) 
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5 MODERFOREST MODULES 

5.1 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 appears 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 this 

section ¡Error! No se encuentra el origen de la referencia.. Alternatively, you can 
access each of the modules by clicking on the corresponding icon that appears below 
the menus. 

• Finally, in the Tools menu (section ¡Error! No se encuentra el origen de la 
referencia.) you can open any of the five calculators (edaphic, climatic, combined, 
Mahalanobis distance or biomass) available in the application. 

 

Figure 4. ModERFoRest start window with the Modules menu displayed. 

5.2 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). 

https://www.inia.es/serviciosyrecursos/recursosinformaticos/modernforest/Paginas/ModERFoRest.aspx


17 
 

 

Figure 5. SDM module submenus. 

5.2.1 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 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 file5 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. 

 
5 Template in excel format is provided. 
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Figure 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. 

 

Figure 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  (Figure 8). 

  

Figure 8. Presence file editing box. 
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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). 

  

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

 

5.2.2 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 to apply the suitability 
index prediction (Figure 11). 

The algorithm selection from the two available (see section 4.1) 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. 
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Figure 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 different time scenario. This is, 
therefore, the method to generate species distribution models for climatic contexts other than 
the current one. 

5.2.3 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). 
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Figure 12. “Output Options” submenu window. 

The application generates the following default results: 

• Five suitability raster layers: mean index value, standard deviation, maximum and 
minimum, and coefficient of variation of the mean model. 

• Marginality indices (Gómez-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: 

• Histograms of each environmental variable. 
• Scatter plots of each pair of environmental variables. 
• 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 (heavy 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. 
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5.2.4 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 4.1). 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 normalized 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 (see below). 

 

Figure 13. Choice of cut-off points on the Boyce-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). 

 

Figure 14. Process completion window 
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5.2.5 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: 

• PDF report. 
• Histograms of each variable. 
• Scatterplots. 
• Histogram of the standard deviation of the raster model. 
• Intermediate models, as many as replicas, if the option has been chosen. 
• Suitability rasters: model mean, minimum, maximum, 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 variable). 
• 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: 

- Output files: 

 

- Analysis Settings: 
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- Habitat derived from data: 

 

- Histograms and scatter plots: 

 

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

 

 

- Sensitivity and K-S test: 
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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. 

 

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 representing the average model obtained in 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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Figure 15. Potential areas for oak in the Community of Madrid according to the suitability index based on the 
API 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 

 

Figure 16. Validation and cut-off points between classes according to the model calculated with the FPI 
algorithm. 



28 
 

 

Figure 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. 

To conclude this section, it is important to emphasize that obtaining reliable predictions 
regarding a taxon's potential distribution requires high-quality data that fully represents its 
ecological niche; otherwise, biases in the representation of the species' potential distribution 
may arise. This is particularly relevant for taxa exhibiting marked genetic variability and 
adaptive traits within the study area—such as Pinus pinaster on the Iberian Peninsula (López-
Senespleda et al., 2025)—where model sensitivity dropped by more than 25 percentage points 
when predictions were made for the Mediterranean subspecies as a whole, rather than using 
subpopulations with distinct adaptive traits. 

5.3 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: 

• Input: path where the data with the environmental variables for each of the locations 
to be analysed6 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 

 
6 Template in excel format is provided. 
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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 municipalities with their code is provided in the example data) 
and another (NHA) with the planned planting density (trees/ha). Clicking on the 
magnifying glass icon, you can verify whether the provided data have been correctly 
read. 
 

 

Figure 18. SSER module window with the four sections highlighted in orange and the variable selection drop-
down in green. The green arrow indicates the selected variables. The blue arrow points at the option to 

use the application's internal climate variables. 

This new version also offers the option to use climate data from six climate change scenarios, 
covering the Iberian Peninsula and the Balearic Islands. To do this, simply click the 
corresponding checkbox (indicated by the blue arrow in Figure 18)—which becomes available 
only after input data has been uploaded—thereby enabling the selection of the desired GCM, 
SSP, and time period. The six scenarios were calculated using the EC-Earth3 Global Climate 
Model (GCM) for Shared Socio-economic Pathways (SSPs) 2-4.5, 3-7.0, and 5-8.5 across the 
2041–2060 and 2061–2080 periods; these calculations were based on historical and future 
monthly climate data models from WordClim7 (at 30-arcsecond resolution), which were 
rescaled and calibrated using current climate models from Aemet (Aemet, 2011). Details 
regarding the different SSPs can also be found on the WordClim website 8. The climate rasters 
provided in ModERFoRest are implemented in a proprietary compressed format that allows for 
the extraction of specific values without decompressing the entire raster, resulting in very fast 
read times. To use this option, it is essential to provide UTM coordinates for each input record 
using the ETRS89 UTM Zone 30 coordinate system (Figure 19Figure 20). If a user provides their 
own climate data for certain records but omits coordinates, the application will use the user-
provided data; however, if coordinates are provided (and the option to use internal climate 

 
7 https://www.worldclim.org/data/cmip6/cmip6climate.html 
8 https://www.carbonbrief.org/cmip6-the-next-generation-of-climate-models-explained/ 

https://www.worldclim.org/data/cmip6/cmip6climate.html
https://www.carbonbrief.org/cmip6-the-next-generation-of-climate-models-explained/
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rasters is selected), the application will replace the user-provided values with those extracted 
from the chosen climate scenario. 

 

Figure 19. Option to use climate change scenario variables integrated in the application. To use them, it is 
essential to provide the UTM coordinates for each input record, using the ETRS89 UTM Zone 30 

coordinate system. 

 

• 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 20), 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 4.1). 

• Output: name of the CSV file with the results and path to the folder where to save it. 
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Figure 20. 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. A txt file with the list of variables used in the process. 
2. A csv file with three fixed columns and a variable number of columns depending on the 

variables used. Thus, for example, in Figure 21, 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 
(Gómez-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 data. 

 

Figure 21. 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. 
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In addition, if the variables provided by the user allow it, the site quality index or predicted site 
index (column IS in Figure 21) 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. For 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 an interpolation of 
the heights for each quality class. 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 analysis, no 
results will be returned for the corresponding taxon. Table 5 shows which variables are not 
available for each taxon. 

Table 5. 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 with insufficient 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 6.5) 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. 

Since there are up to three types of equations for calculating ex-ante biomass (see 6.5.1) for 
each taxon, all possible biomass predictions are provided, both for the aboveground and root 
parts, as well as the total. Figure 22 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 climatics variables (TP, AVGT and MART) 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, 9 columns are provided, labelled as follows: WX#_YY, where X 
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is A (aboveground biomass), R (root biomass), or empty (total biomass), # is the number of the 
equation used (1 to 3, see Table 7), and YY is the age (10, 20, 30, or 40 years). Thus, for 
example, in the first row of Figure 22, the value in column W2_10 indicates that, for that 
location and that taxon (Pinus nigra from plot 19, see Figure 21), the total biomass predicted 
by equation 2 at 10 years is 24.7 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, (ii) 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. 

 

Figure 22. 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. 

 

5.4 FSR module (Forest Stands Resemblance) 

After clicking on the Modules menu and then on FSR (or also directly on the icon available 
in the toolbar) the corresponding window will open (Figure 23). 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 (López-Senespleda et al., 2018) or from selected stands studied 
from an autecological perspective (Gómez-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 (exact equality in all 
variables between the two locations) to infinity, with the distance being greater when the 
homology between locations is lower. 
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Figure 23. 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)9 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 20), 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. 

Once the calculation is executed (by clicking “Run”), the application generates: 

1. A txt file with the list of variables used in the process. 
2. A csv file with the result of the analysis of the locations contained in the databases of the 

autecology works, with six columns (Figure 24): 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 (i.e., from greatest to least similarity). 

 
9 Template in excel format is provided. 
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3. 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. 

 

Figure 24. Example of FSR module result. 
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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 afforested 
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 25), you must provide the path to the corresponding 
file, which must have the following 53 columns (in this order10), even if they do not have data: 

• PointId: row identifier. 
• PT1-PT12: the twelve monthly precipitations. 
• TMAX1-TMAX12: the twelve average temperatures of the monthly maximums. 
• TMIN1-TMIN12: the twelve average monthly minimum temperatures. 
• AVGT1-AVGT12: the twelve monthly average temperatures. 
• LAT: latitude of the point in decimal degrees. 
• NH: number of hours of sunshine per year. 
• KP: lithological correction coefficient for potential productivity (Gandullo and 

Serrada, 1977). 
• AWHC: available water holding capacity of the soil (mm). 

Apart from the point identifier, only the columns PT1-PT12 and AVGT1-AVGT12 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 they will appear blank. In 
addition, by clicking on the corresponding box (green arrow in Figure 25), a hydric sheet will be 
generated for each location included in the input file, provided that the AWHC value is 
available. 

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). 

 
10 Template in excel format is provided. 
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Figure 25. 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. 

If you wish to perform the calculation in raster format (Figure 26), 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 maximum 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, PT1_CYL, but not 
CYL_PT1. It is not 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. 

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 25 and Figure 26). 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 
27, the calculations would be simulated with AWHC values of 50, 100, 150 and 200 mm. 
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Figure 26. 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. 

 

Figure 27. Input data required for the simulation of AWHC values. The form is identical for the raster input 
option. 
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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 28. 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. 

 

 

Figure 28. 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 29). 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 CSV11 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 

 
11 Template in excel format is provided. 
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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. 

 

Figure 29. 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 soil or 
climatic variables separately) by simply deactivating the box indicated in Figure 30. 

The output file, in the case of having used the combined option, is a single csv with 81 
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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Figure 30. Combined calculator. The input data are identical to those of the individual 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 31, 
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 target). 
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Figure 31. Mahalanobis calculator with the option of calculating the variance-covariance matrix from the 
ModERFoRest database and variables recommended by the application. 

 

Figure 32. 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). 

To compute Mahalanobis distances it is necessary to use the variance-covariance matrix 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 31, green 
box), in which case it is necessary to select the corresponding species and then offers us 
either to use the variables recommended by the application and indicates which variables 
they would be (Figure 31, green arrow), 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 32). 
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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 33). In this case, the variance-covariance matrix is 
calculated on the fly from the source dataset. 

 

 

Figure 33. 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 34). 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. 

 

Figure 34. Example output file from the Mahalanobis calculator. 
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6.5 Biomass calculator 

This calculator computes the ex-ante and ex-post biomass per hectare sequestered in 
afforested lands. The application incorporates 135 equations—fitted by the Forest Dynamics, 
Modeling, and Management Group at ICIFOR (CSIC-INIA) within the framework of several 
research projects12 (Calama et al., 2024b, 2024a; Calama Sainz et al., 2025; Pardos et al., 
2025)—to estimate the total biomass sequestered per afforested hectare. These estimates 
are based on age, plantation location, current stand density, and mean height for the main 
forest species used in forestation projects across peninsular Spain. The models comprise 101 
equations for the ex-ante estimation of biomass per hectare to be sequestered by a planting 
project, and 34 equations for ex-post calculation (17 for determining site index and another 17 
for the biomass itself). Estimates can cover timeframes of up to 40 years, although the range is 
shorter for most species. Full details regarding the ex-ante and ex-post equations can be 
found in the corresponding publications. 

 

6.5.1 Equations for ex-ante calculation. 

Among the 101 equations for ex-ante calculation, there are various formulations that differ not 
only in the variables upon which they depend but also in their mathematical structure. 
Accordingly, three groups of equations were established: 

• Base equations: depend on age and species (or species group). 
• N_zone equations: depend on the two preceding factors, as well as the province and 

plantation density (N, trees/ha). 
• N_climate equations: depend on age, species, density, and at least one climatic 

variable (annual precipitation, mean annual temperature, and/or Martonne aridity 
index). To facilitate use, the application includes the mean values for these three 
variables—calculated by municipality based on data from the Iberian Climate Atlas 
(Aemet, 2011)—in its database. 

Within each group, both allometric and logistic formulations can be found, as specified in 
Table 6. For one species (QFG), the base allometric model was fitted for individual trees; 
therefore, to obtain the figure per hectare, it is necessary to multiply by plantation density. 

Table 6. Mathematical formulations used in the equations for calculating ex-ante biomass. PT: annual 
precipitation (mm); TM: mean annual temperature (ºC); MART: Martonne aridity index (mm/ºC); N: 

plantation density (trees/ha). 

Group Allometric Logistic Individual 

Base 𝑎 · 𝑎𝑔𝑒𝑏 𝑎 · [1 − 𝑒𝑥𝑝(𝑏·𝑎𝑔𝑒)]
𝑐 𝑁 · 𝑎 · 𝑎𝑔𝑒𝑏 

N_zone [𝑎0 + 𝑎1 · 𝑁] · 𝑎𝑔𝑒[𝑏0+𝑏1·𝑁] [𝑎0 + 𝑎1 · 𝑁] · [1 − 𝑒𝑥𝑝(𝑏0·𝑎𝑔𝑒)]
𝑐0 - 

N_climate 
[𝑎0 + 𝑎1

· 𝑁]. 𝑎𝑔𝑒[𝑏0+𝑏1·𝑁+ 𝑏2·𝑃𝑇+𝑏3·𝑇𝑀+𝑏4·𝑀𝐴𝑅𝑇] 
[𝑎1 · 𝑁 + 𝑎2 · 𝑃𝑇 + 𝑎3 · 𝑇𝑀 + 𝑎4

· 𝑀𝐴𝑅𝑇] . [1 − 𝑒𝑥𝑝(𝑏0·𝑎𝑔𝑒)]
𝑐0 

- 

 

Not all formulations are available for all modeled taxa (see list in Table 3); therefore, 
depending on the information provided by the user, the application may calculate biomass 
using all, some, or none of the formulations. 

 
12 MITECO2023AF. 20234TE005, "Bases científicas de la información Forestal: cambio climático y sumideros de Carbono". 
EG17-042-C2.2. Encomienda de Gestión sobre “Soporte científico a la generación de información Forestal”. 
IMP2018-004-C02-02. “Sistema Forestales ante el cambio global”. 
BF138/2023. ECO2FOR. “Mejora de la contribución del sector forestal a la lucha contra el cambio climático”. 

https://digital.csic.es/handle/10261/403357
https://digital.csic.es/handle/10261/405938
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The equations calculate only the above-ground oven-dry biomass (WA, Mg/ha); consequently, 
it is also necessary to estimate root biomass (WR, Mg/ha) by applying a root-to-shoot biomass 
ratio, and finally, the total biomass (W=WA+WR, Mg/ha) is computed. 

6.5.2 Equations for ex-post calculation. 

The calculation of ex-post biomass is based on two phases: (1) calculating the site quality 
index for a given species in afforested areas—defined as the mean height reached by the 
plantation at a specific reference age—and (2) developing models to estimate the above-
ground biomass sequestered per afforested hectare based on plantation age, density, and the 
site quality index calculated in step 1. Root and total biomass are calculated in the same way 
as in the ex-ante scenario. 

The mathematical formulation of the site quality index equations varies significantly 
depending on the species; therefore, the reader is referred to the CSIC-INIA publication 
containing full details (Pardos et al., 2025). Naturally, the input variables in all cases are the 
plantation's mean height and its age. Regarding the biomass equations themselves, a single 
formulation is used: 

𝑊𝐴 = 𝑁𝑘 · [𝑎0 + 𝑎4 · 𝐼𝑆] · 𝑎𝑔𝑒[𝑎1+𝑎2·𝑁+𝑎3·𝐼𝑆] 

where IS is the site index and N is the planting density. It should be noted that the parameter k 
is 0 for all species except EGL, for which it takes the value 1, whereas a4 has a non-zero value 
only for CST and CXH. 

6.5.3 How to manage the calculator. 

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 35): IDFINCA (unique identifier for each farm), province, 
municipality, species(s), age (years), density (trees/ha) and mean height (m). The only 
mandatory fields are IDFINCA, province, species and age, but, logically, the more complete 
the information provided, the better predictions can be made. Thus, for example, if height is 
not provided, no expost calculation will be retrieved. Once the fields have been filled in, simply 
click on Add (green arrow in ) 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 35) or using the Reset button. 

With the Use input from file option13, 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 NATCODE14 codes. In addition, with this option it is not mandatory to fill in 
the Province field. 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 22 columns (Figure 36), 
including those relating to the fields provided by the user, with the following coding: 

• PT: average annual precipitation in the chosen municipality (mm). 
• TM: average annual temperature in the chosen municipality (ºC). 
• MART: Martonne’s aridity index in the chosen municipality (mm/ºC). 
• WA#: aboveground anhydrous biomass (Mg/ha) according to equation #. 

 
13 Template in excel format is provided. 
14 A list of all Spanish municipalities with their NATCODE code is provided together with the template. 
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• WR#: anhydrous radical biomass (Mg/ha) according to equation #. 
• W#: total anhydrous biomass (Mg/ha) according to equation #. 

The number of the equation (#) in the field names refers to: (1) base equations; (2) N_zone 
equations; (3) N_climate equations; (4) expost equations. 

 

 

Figure 35. Biomass calculator form with the option to enter data manually. 

 

 

Figure 36. Example of a table of results from the biomass calculator. In red, values out of range for the variable 
AVGT. 

As previously mentioned, not all equations are applicable in every case. For instance, in the 
example shown in Figure 36, the municipality, density, and height are not specified for plot A; 
consequently, a result is obtained only using Equation 1 (the base equation). In the case of 
plot C, although all values were provided in the input form, there are no type 3 or type 4 
equations available for the species in question (JTH). 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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