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ABSTRACT

In the current scenario of climate change, forest management faces new challenges, which has led to an increased
interest in physiologically based forest growth models. One of the simplest and most versatile models, which has been
used with different objectives namely to assess the impact of climate change on forest stands, is the 3-PG (Physiological
Principles in Predicting Growth). This physiologically based model has been widely used and tested to predict the
primary productivity of forest stands around the world. In this model, soil fertility is assigned through a fertility index,
the so-called FR (fertility rating), that varies between 0 and 1. Another fundamental variable for site characterization
is the maximum value of water available in the soil (MaxASW). The objective of this work was to create a database
for public use, which indicates the values of FR and MaxASW for different geographical situations in Portugal. For
this purpose, photopoints from the National Forest Inventory were layered with soil information from SNISolo and
EPIC WebGIS Portugal. The FR and MaxASW were estimated for each pedological unit. Preliminary tests based on the
comparison of observed data with results of 3-PG simulations showed the reliability of the information provided for
FR and MaxASW.
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RESUMO

No atual cendrio de alteragdes climaticas, a gestdo florestal enfrenta novos desafios, o que leva a um aumento do
interesse em modelos de crescimento florestal de base fisiologica. Um dos modelos mais simples e versateis, que tem
sido utilizado com diferentes objetivos, nomeadamente para avaliar o impacto das altera¢des climaticas na producao
florestal, é o 3-PG (Physiological Principles in Predicting Growth). Este modelo de base fisiologica tem sido amplamente
utilizado e testado para prever a produtividade primaria dos povoamentos florestais em todo o mundo. Neste modelo,
a fertilidade do solo resulta de um indice de fertilidade, o FR (fertility rating), que varia entre 0 e 1. Outra variavel
fundamental é o valor maximo da agua disponivel no solo (MaxASW). O objetivo deste trabalho foi criar uma base de
dados para uso publico, que indique os valores de FR e MaxASW para diferentes situa¢des geograficas em Portugal.
Assim, os fotopontos do Inventario Florestal Nacional foram sobrepostos com informacgao de solos do SNISolo e do
EPIC WebGIS Portugal. O FR e o MaxASW foram estimados para cada unidade pedolégica. Os testes preliminares de
comparacao de dados observados com os resultados estimados pelo 3-PG parecem indicar a fiabilidade da informacao
fornecida sobre o FR e a MaxASW.
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INTRODUCTION

In recent years, physiologically based models have
gained importance in forest management and es-
pecially in Portugal in eucalyptus stands (Nunes,
2023). Their application to other forest species with
a high impact on the national economy, such as Pi-
nus pinaster and Quercus suber, has led to a relevant
research effort in the use of this type of models
(Barreiro & Tomé, 2017). One of the simplest and
most versatile, which has been used with differ-
ent objectives, is the 3-PG (Physiological Principles
in Predicting Growth). It treats a physiologically
based model (Landsberg & Waring, 1997), widely
used and tested to predict the productivity of pri-
mary forest stands around the world. In addition
to being a tool for production prediction, 3-PG has
also been used for carbon quantification (Amichev
et al., 2011; Lonsdale et al., 2015), for studying the
effects of forest pests (Meyer et al., 2017; Rua et al.,
2020), and more recently for studying the effects of
climate change on forest stands (Nolte et al., 2020;
Palma et al., 2021; Wu et al., 2021).

The 3-PG model uses a very simple way to express
soil fertility through a fertility index, the so-called
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FR (Fertility Rating), whose value varies between
0 and 1, empirically evaluated and depending on
the soil characteristics of the site. The value 0 cor-
responds to very poor sites and the value 1 to sites
where there is no nutritional limitation to growth.
Landsberg et al. (2003) suggest the use of soil stud-
ies to estimate FR, but this methodology has sig-
nificant implementation problems. It is difficult to
characterize the fertility of a given site, and infor-
mation on soil profiles is not always available.

With the aim of providing a simple access tool that
allows obtaining FR and MaxASW data, for a use
of 3-PG to a regional and national scale, without
excluding its use at a more localized level with in-
dicative intuits, has been created a georeferenced
base of soils, whose characteristics are presented
in the present work.

MATERIALS AND METHODS

Soil cartographic information was collected in
digital format provided by the National Soil In-
formation System (SNIS). To overcome the lack
of soil information in areas not covered by the
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Figure 1 - MaxASW and FR values for the different locations of Portugal. Areas shown in white represent urban areas, water
mirrors and watercourses, rocky outcrops or areas with insufficient information to calculate these parameters.
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SNIS cartography, we used the digital cartography
of the ecological value of the soil provided by EP-
IC WebGIS Portugal. Based on the morphological
descriptions and analytical data of the different
profiles available in Cardoso (1965), SROA (1973),
Agroconsultores (1991, 1999) and Geometral (2004),
a FR value is assigned to each of the soil pedological
units. To calculate the maximum value of available
water (MaxASW) of the pedological units, previ-
ous analytical data was used, using the equations
of Saxton & Rawls (2006), after converting the soil
texture from the IUSS system to the USDA system.

The National Forest Inventory (IFN) photopoint
grid was overlaid with the digital soil map. For each
photopoint one or more FR and/or MaxASW values
were assigned, depending on the characteristics of
the corresponding cartographic unit, regarding the
dominant and subdominant soil types.
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RESULTS AND DISCUSSION

For the maximum available soil water (MaxASW)
and the fertility rating (FR), we developed digital
maps, based on the best soil maps for each region,
that provide this information to the user (Figure 1).
By entering the coordinates of a given location, the
user receives as output one or more values for each
of these two parameters, depending on the com-
plexity of the soil cartographic unit.

The FR and MaxASW values obtained from the
database are then introduced into the 3-PG model,
duly calibrated for the different Portuguese forest
species, in order to obtain an estimate of the differ-
ent stand variables of interest to the user.

The simulations carried out for different Eucalyp-
tus and Maritime pine plots, for which biometric
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Figure 2 - Woody biomass growth simulations performed for maritime pine (left) and eucalyptus (right).
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data obtained over several years were available,
showed a fairly close fit between the observed and
estimated values (Figure 2). These results seem to
indicate that the FR and MaxASW values acces-
sible through this database allow us to carry out
forest production forecasts analogous to those ob-
tained through more demanding methods from an
analytical point of view (Nunes, 2023).

The existence of a georeferenced soil database,
such as the one presented in this work, can play a
relevant role in validating the applicability of the
3-PG process-based model for the whole country
(Barreiro & Tomé, 2017), one of the ongoing tasks
at the Centro de Estudos Florestais.

542 Revista de Ciéncias Agrdrias, 2024, 47(4): 539-543

CONCLUSIONS

The simulations carried out seem to indicate a
good adequacy of the values of FR and Max-
ASW for the field of application considered (na-
tional simulations).

To make the FR and MaxASW estimates more re-
liable, it is necessary to complete/improve the soil
information for some regions of the country. The
database is still being tested and work will contin-
ue to address the lack of properly validated car-
tography for the coastal central part of the coun-
try and to revise the FR and MaxASW estimates
as soon as georeferenced pedological information
becomes available.
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