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Abstract

Background: National and international institutions periodically demand information on forest indicators that are
used for global reporting. Among other aspects, the carbon accumulated in the biomass of forest species must be
reported. For this purpose, one of the main sources of data is the National Forest Inventory (NFI), which together
with statistical empirical approaches and updating procedures can even allow annual estimates of the requested
indicators.

Methods: Stand level biomass models, relating the dry weight of the biomass with the stand volume were
developed for the five main pine species in the Iberian Peninsula (Pinus sylvestris, Pinus pinea, Pinus halepensis, Pinus
nigra and Pinus pinaster). The dependence of the model on aridity and/or mean tree size was explored, as well as
the importance of including the stand form factor to correct model bias. Furthermore, the capability of the models
to estimate forest carbon stocks, updated for a given year, was also analysed.

Results: The strong relationship between stand dry weight biomass and stand volume was modulated by the
mean tree size, although the effect varied among the five pine species. Site humidity, measured using the
Martonne aridity index, increased the biomass for a given volume in the cases of Pinus sylvestris, Pinus halepensis
and Pinus nigra. Models that consider both mean tree size and stand form factor were more accurate and less
biased than those that do not. The models developed allow carbon stocks in the main Iberian Peninsula pine
forests to be estimated at stand level with biases of less than 0.2 Mg∙ha− 1.

Conclusions: The results of this study reveal the importance of considering variables related with environmental
conditions and stand structure when developing stand dry weight biomass models. The described methodology
together with the models developed provide a precise tool that can be used for quantifying biomass and carbon
stored in the Spanish pine forests in specific years when no field data are available.

Keywords: Martonne aridity index, Dry weight biomass, Carbon stock, National Forest Inventory, Peninsular pine
forest, Biomass expansion factor

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: arnaiz9@hotmail.com
1Department of Natural Systems and Resources, School of Forest Engineering
and Natural Resources, Universidad Politécnica de Madrid, Madrid, Spain
2INIA, Forest Research Center, Department of Forest Dynamics and
Management, Madrid, Spain
Full list of author information is available at the end of the article

Aguirre et al. Forest Ecosystems            (2021) 8:29 
https://doi.org/10.1186/s40663-021-00308-w

http://crossmark.crossref.org/dialog/?doi=10.1186/s40663-021-00308-w&domain=pdf
http://orcid.org/0000-0001-7723-2078
http://creativecommons.org/licenses/by/4.0/
mailto:arnaiz9@hotmail.com
























https://doi.org/10.4336/2017.pfb.37.91.1337
https://doi.org/10.1016/j.foreco.2013.09.007
https://CRAN.R-project.org/package=MuMIn
https://CRAN.R-project.org/package=MuMIn
https://doi.org/10.1016/j.foreco.2015.08.005
https://doi.org/10.1016/j.foreco.2015.08.005
https://doi.org/10.2307/2998044
https://doi.org/10.1002/j.1537-2197.1995.tb11567.x
https://doi.org/10.1002/j.1537-2197.1995.tb11567.x
https://doi.org/10.1016/S0269-7491(01)00212-3
https://doi.org/10.3732/ajb.93.10.1512
https://doi.org/10.1007/s004420050201
https://doi.org/10.1007/s004420050201
https://doi.org/10.1016/S0378-1127(99)00036-5
https://doi.org/10.1016/S0378-1127(99)00036-5
https://doi.org/10.1007/s13595-012-0191-6
https://doi.org/10.1016/j.foreco.2012.12.013
https://doi.org/10.1016/j.foreco.2017.04.046
https://doi.org/10.3390/f9090518
https://doi.org/10.1007/s00468-017-1586-7
https://doi.org/10.1007/s00468-017-1586-7
https://doi.org/10.1038/nature04514
https://doi.org/10.3406/bagf.1926.6321
https://doi.org/10.1007/978-3-319-28250-3_15
https://doi.org/10.1007/978-3-319-28250-3_15
https://doi.org/10.1016/j.foreco.2015.11.008
https://doi.org/10.1126/science.1058629
https://doi.org/10.1890/1051-0761(2002)012[0891:FCSITN]2.0.CO;2
https://doi.org/10.1890/1051-0761(2002)012[0891:FCSITN]2.0.CO;2
https://doi.org/10.1016/j.foreco.2009.09.047
https://doi.org/10.1016/j.foreco.2020.118329
https://doi.org/10.1016/j.foreco.2016.10.051
https://doi.org/10.1016/j.foreco.2016.10.051
https://doi.org/10.1051/forest:2005075
https://doi.org/10.3390/f7120308
https://doi.org/10.1007/s10592-017-0993-z
https://doi.org/10.1051/forest:2006097
https://doi.org/10.1016/j.foreco.2003.07.008
https://doi.org/10.1016/j.foreco.2003.07.008
https://doi.org/10.1111/j.1466-8238.2011.00746.x
https://doi.org/10.1111/j.1466-8238.2011.00746.x


https://doi.org/10.1007/s10342-017-1025-8
https://doi.org/10.1016/j.rse.2006.09.034
https://doi.org/10.1016/j.rse.2006.09.034
https://doi.org/10.1007/s10342-021-01354-3
https://doi.org/10.1093/biomet/78.3.691
https://doi.org/10.1093/biomet/78.3.691
https://doi.org/10.1016/j.foreco.2015.11.016
https://doi.org/10.1016/j.foreco.2015.11.016
https://doi.org/10.1016/j.foreco.2007.07.003
https://doi.org/10.1016/S0378-1127(99)00229-7
https://doi.org/10.1016/S0378-1127(99)00229-7
https://doi.org/10.1016/j.foreco.2012.01.004
https://doi.org/10.1016/j.foreco.2012.01.004
https://cran.r-project.org/
https://doi.org/10.1007/s10342-018-1151-y
https://doi.org/10.1007/s10342-012-0672-z
https://doi.org/10.1007/s10342-012-0672-z
https://doi.org/10.5424/fs/2011201-11643
https://doi.org/10.3390/f9060312
https://doi.org/10.3390/f9060312
https://doi.org/10.1093/sjaf/20.1.15
https://doi.org/10.1111/j.1466-8238.2010.00645.x
http://www.r-project.org/
https://doi.org/10.1016/j.foreco.2008.11.002
https://doi.org/10.1007/s10342-005-0105-3
https://doi.org/10.1007/s10342-005-0105-3
https://doi.org/10.1007/978-90-481-3233-1
https://doi.org/10.1007/s13595-016-0557-2
https://doi.org/10.1016/j.jaridenv.2005.10.021
https://doi.org/10.1371/journal.pone.0053530
https://doi.org/10.1371/journal.pone.0053530
https://doi.org/10.1093/treephys/24.2.121
https://doi.org/10.1093/treephys/24.2.121
https://doi.org/10.1371/journal.pone.0089572
https://doi.org/10.1371/journal.pone.0089572
https://doi.org/10.1111/2041-210X.12505

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data
	Biomass estimation models by species
	Evaluation of biomass estimation models
	Carbon predictions at national level
	How to estimate carbon stocks at national level when no data is available

	Results
	Biomass estimation models for each species
	Biomass expansion factors
	Carbon predictions at national level

	Discussion
	Conclusions
	Abbreviations
	In the subscripts
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References

