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Supplementary file S1: Details of volume and increment 
estimation methods 

1. Volume and biomass estimation of trees 

We estimated the volume and biomass components of trees similarly as in NFI12. Only the main phases 
are described here, and a more detailed description is in Korhonen et al. (2021, Suppl. file S1). 

1.1. Volume for a sample and tally tree 
We estimated the volume of a sample and tally tree using the volume models by Laasasenaho (1982) 
and, for the alder, aspen, larch and small trees, the models published in Tomppo et al. (2011). The 
independent variables in these models are the breast height diameter (dbh), height (h), and the upper 
diameter at the height of six meters (d6) for the trees at least 8.1 m in height. Since the height of tally 
trees and d6 of any trees were not measured, we estimated models that predict these variables. 

For the models of d6 in NFI12 (Korhonen et al. 2021, Suppl. file S1), we used the sample tree data from 
NFI11 (Korhonen et al. 2017)) and the same models were employed also in this inventory. The height 
model (Myllymäki 2016, model 18) was fitted in a data set of five most recent years yearly after the 
field measurements. The linear mixed height model has random factors of clusters and stands for the 
constant and for the diameter parameters. 

1.2. Estimation of volumes by timber assortments for a sample and 
tally tree 

For the sample trees we estimated the stem volumes by the timber assortment classes (saw log, pulp 
wood and waste wood) by bucking the trunks in such a way that the value of the trunk was maximized 
(Korhonen 1994, Tomppo et al 2011). If a sample tree contains saw log or other than tree top waste 
wood parts, the locations of these are assessed in the field. The final bucking is made programmati-
cally, and the taper curve models (Laasasenaho 1982) are used in that. 

For the tally trees, we first predicted the proportions of timber assortment classes by tree species 
groups using smoothing models estimated with the loess function of R (R Core Team 2021). The sample 
tree data of five most recent years was used in this. Further, we estimated the final proportions by the 
k-nearest neighbour (knn) method. The independent variables in the knn search were the sample plot 
coordinates, dbh, h, tree species group and the predicted proportions of saw log and waste wood 
volumes. We used the same knn search for predicting tree age at the breast height and lower limit of 
the crown as well for the use in biomass models. 

1.3. Estimation of biomass by tree components 
We estimated the biomass of the following components for each tally and sample tree: stem, needles, 
living and dead branches, stumps, and roots larger than one cm in diameter. The possible set of inde-



pendent variables for different models included tree species, diameter and either measured or pre-
dicted tree height, age at breast height and crown height. We used the wood density models of Repola 
et al. (2007) to predict the stem biomass. For the other biomass components, we used models of Re-
pola (2009) for conifers and models of Repola (2009) for deciduous trees. 

2. Increment estimation 

The increment of drain, i.e. trees that were harvested or died naturally between NFI12 and NFI13, was 
estimated based on tree-level models, which predict the ratio of the annual increment of the tree and 
its basal area using NFI12 tree- and stand-level variables as predictors (for details, see Korhonen et al., 
2021, Suppl. file S1). The model parameters were estimated from paired sample tree data from NFI9-
NFI10, NFI10-NFI11, NFI11-NFI12, and NFI12-NFI13. The average difference in the growth of drain and 
the growth of survivor trees was accounted for using correction factors based on predicted and meas-
ured increments of harvested and dead trees that were alive at the time of the two previous measure-
ments. For trees that were harvested or died between NFI12 and NFI13, increment between NFI11 and 
NFI12 was used, and so on. To obtain the total increment of drain between NFI12 and NFI13 measure-
ments, the model-predicted annual increments of trees that were harvested or died naturally during 
that period were finally multiplied by the number of growing seasons between the NFI12 measure-
ment and the time of removal or death as estimated in the NFI13 field measurement. 

NFI13 measurements of trees in re-measured plots included the assessment of whether the height of 
the tree was less than 1.3 m at the time of NFI12, i.e., whether the tree contributes to the ingrowth. 
The increment percentage of those trees was estimated using the increment cores of the sample trees 
measured on the temporary plots. Also the increments of trees growing on re-measured stands, for 
which NFI12 measurements were not available (due to land-use change or unfound plot center), were 
estimated based on models fitted to increment measurements from temporary plots. The models in-
cluded land use change class as a predictor.  
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