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ARTICLE INFO ABSTRACT

Associate Editor: Dr Juan Blanco Understanding how the physiological processes of trees are affected by the environment or silvicultural practices
is important for forest management, which requires process-based models. It enables the evaluation of the

Keywords: growth of a forest under different scenarios. The 3-PG model has been widely used all over the world, justified by

Prociss‘base‘i model its simplicity and efficiency, as it uses a more accessible language and fewer parameters than other process-based

Eucalypt

models. It is a model of greatest interest for forest management because it enables the use of allometric equations
to calculate variables of interest in this area, such as the average diameter at 1.30 m height (DBH), total height
and stand volume. The 3-PG parameterization is essential to guarantee the model’s good performance; however,
in some cases, when observed data are not available, values from the literature is used or calibration is per-
formed. In general, there is a mixture of these alternatives in the same parameterization, but some of the pa-
rameters generate greater sensitivity in some outputs or change according to site characteristics. In the present
work, we analyzed the efficiency of artificial neural networks to predict some of the parameters pointed out in
the literature as being of the greatest importance for 3-PG using climate and process variables as inputs. For this,
a simulated database was generated, using 16 parameterizations of 3-PG, for different regions of Brazil. The
parameters values of the DBH function (as and ng), minimum and maximum fraction of biomass allocated to the
root (nrn and nry), and age at full canopy cover (t.) were associated with this database. The Artificial Neural
Networks (ANNs) were trained using the database with parameter repetition over time and with the average
condition of each site. In the second case, training was performed using 100% of the data, and validation was
performed using a simulated database. The efficiency of neural networks has been proven in predicting the
parameters as, ng and gy, with validation root mean squared error (RMSE) of 6.9%, 6.9% and 4.8%, in the first
training approach, respectively. For training based on sites average condition RMSE was 20.7%, 3.0% and 8.8%,
for as, ng and 7Ry, respectively. The study showed the need for more scientific investigation for the other pa-
rameters, including information and input variables such as soil characteristics. As demonstrated in this study,
the possibility of parameterizing 3-PG with ANNs or any machine learning technique may contribute to the
broader use of this process-based model. In addition, artificial neural networks have great potential to assist in
the calibration process of the 3-PG model, making this process more efficient by integrating environmental
conditions and allowing the association between parameters. It is recommended to apply these ANNs for the
conditions tested here.

Forest management
Machine learning

* Corresponding author.
E-mail address: gbcristina.silva@gmail.com (G.C.C. Silva).

https://doi.org/10.1016/j.ecolmodel.2023.110301
Received 21 August 2022; Received in revised form 20 January 2023; Accepted 23 January 2023
0304-3800/© 2023 Elsevier B.V. All rights reserved.


mailto:gbcristina.silva@gmail.com
www.sciencedirect.com/science/journal/03043800
https://www.elsevier.com/locate/ecolmodel
https://doi.org/10.1016/j.ecolmodel.2023.110301
https://doi.org/10.1016/j.ecolmodel.2023.110301
https://doi.org/10.1016/j.ecolmodel.2023.110301
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecolmodel.2023.110301&domain=pdf

