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Appendix 1: Derivation of the Carmean algorithm
This algorithm can be expressed as follows
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where: htk+j is the total tree height at age tk+j and hk is the height of the kth cross-section associated with the jth inner-most ring. The rest of the
terms were described above. Notice that Eq. (S1) has three components: the first is the cross-section height; the second estimates the length of the
hidden tip for the inner-most ring; and the third one interpolate the heights for each ring present at that section but different from the inner-most
one.
As explained in the paper, using Eq. (S1) is possible to interpolate the heights to every missing year between sections, however, I do not recommend
to do so. Instead, a user should only use j = 1, thus we will reconstruct the height-age pair of data for the inner-most ring at each kth cross-section.
Then (S1) becomes
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where: �hk is the length of the (k + 1)-th section and �rk is the difference in number of rings between the k and (k + 1)-th sections, provided
that rk > r(k+1).

Appendix 2: Some additional details on the proposed algorithm
Here the idea is to estimate the age for a giving cross-section, as follows

thk
= tb � rk + 1� uk; (S3)

where: thk
is the age of the tree when was as tall as the height of the k-th cross-section, and uk is a random number from a uniform distribution,

uk � U[0; 1]. Eq. (S3) is a stochastic algorithm to obtain thk
. A deterministic version of it, is obtained by taking the expected value of thk

as
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which is the algorithm I propose.

Appendix 3: Growth modelling
Two variants of (4) were fitted depending on which parameter I included the random-effects. If the random-effects are added to the asymptote of
the model, �, anamorphic curves are produced with the fitted model. That is, the height-growth curve shape does not change depending on the
site where the tree is growing. On the other hand, if the random-effects are added to �, so-called polymorphic curves are produced with the fitted
model. That is, the height-growth curve shape changes depending on site quality.
The anamorphic height growth equation is the following mixed-effects model
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and the polymorphic model is

hiz = �
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All the models were fitted allowing a different variance for the error term per gth-stratum.

Appendix 4: Equivalence testing details
Because of some typographical errors in Robinson et al. (2005), I explain in detail here the procedure that I carried out for the equivalence testing.
Notice that the procedure is repeated for each generated data set of height-age pairs using the corresponding algorithm. The procedure is as
follows,

1. Randomly select a validation sample of trees (50 trees for the Nothofagus species and 100 for Douglas-fir) of the generated data.

2. Decide on an anamorphic or polymorphic growth model that seems to better describe the height growth of trees, and obtain predictions
(by) by only using the fixed-effects parameters for the validation data set.

3. Subtract the mean prediction (by) from every prediction, then having a shifted-predicted variable that I can denote �byi(z), as follows

�byi(z) = byi(z) �
1

nv

X
i=1

byi(z) = byi(z) � by; (S7)

where: byi(z) is the prediction for the ith tree in a single given zth time (only a single observation per tree was considered for this analysis);
i = 1; � � � ; nv , and nv is the validation sample size.

4. Establish regions of equivalence or non-practical differences for the shifted intercept and for the slope as follows.
- I0 = �y � 10% for the shifted intercept, and
- I1 = 1:0� 0:25 for the slope.

5. Bootstrapping.

(a) Select with replacement nv pairs of data.

(b) Fit a simple linear regression model between observed and shifted-predicted values as follows

yi(z) = �0 + �1
�byi(z) + �i (S8)

Notice that the shifting explained above is done in order to guarantee indepence between intercept and the slope of (S8) (Robinson
et al. 2005).

(c) Count whether or not:
i. the b�0 is within the interval of equivalence for the intercept I0

ii. the b�1 is within the interval of equivalence for the slope I1

6. Repeat B times step No. 5. I use B = 10; 000.

7. Compute the proportion of times that b�0 � I0 and that b�1 � I1.

If the proportions computed in [7] are greater than 0.95 I will reject the corresponding null hypothesis of dissimilarity at 5% of significance level.
That is to say, the predictions of the height growth model fitted with the generated data using the corresponding stem analysis algorithm are
statistically equivalent to the observed height growth.
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FIGURE S1 Study areas of the data. (a) Map of south-central Chile from 35�50’ to 41�30’ S, the temperate forests of Nothofagus alpina-N. dombeyi-
N. obliqua (green), the stem analysis sample plots (black circles), and the major cities are also shown. (b) Map of the Inland Northwest region in the
United States of America, northern Rocky Mountains, covering a a latitudinal range between 42�10’ to 49�50’ N.

TABLE S1 Data structure of height-age pairs when using the ABA (age-based, Carmean) and the HBA (height-based) algorithms. K is the total
number of disk for an hypothesized sample tree, tb and h are both the age and height of the tree at sampling.

Algorithm
Data ABA HBA

Section Height Number of rings Age(1) Height(2) Age(3) Height
1 h1 r1 t1 ht1 th1

h1

2 h2 r2 t2 ht2 th2
h2

3 h3 r3 t3 ht3 th3
h3

...
...

...
...

...
...

...
K hK rK tK htK thK

hK

K + 1 – – tb h tb h

(1) obtained as in Eq. 2, (2) obtained as in Eq. 1, (3) obtained as in Eq. 3
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FIGURE S2 Tree height growth series of sample trees by species, as obtained from the ABA (age-based, Carmean) and the HBA (height-based)
algorithms. Successive observations on the same tree are joined by lines.

TABLE S2 Parameter estimates for the growth law, i.e., the baseline model.

Species Parameter

b� b� b
 b�e

Coigue 31.562 0.0307 1.3538 2.6624
Douglas-fir 36.578 0.0198 1.3829 4.2741
Rauli 33.845 0.0227 1.1995 2.2955
Roble 38.183 0.0239 1.2551 2.8260


