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APPENDIX A. Description of the parameter estimation method. 

Data: 

The data set used to fit our model consisted of time series (1988–2000) measurements of 

diameter (mm) of trees in La Selva Biological Station, Costa Rica. Details of how these trees 

were chosen and measured are given in Clark and Clark (2006). We focus on the species 

Simarouba amara because this is a commercial timber species widely distributed in the tropics; 

thus our forward simulations can be viewed as timber yield projections. Point of diameter 

measurement had to be modified for some of the trees due to the growth of buttresses or other 

stem irregularities. Also, some trees had fewer than two diameter increment measurements, thus 

precluding the simultaneous estimation of process error and random individual effects. Thus, 

trees with less than two diameter increment measurements and trees with modified point of 

diameter measurement were discarded from our analysis. 

State space model: 

Here we describe the distributional assumptions for the state space model with random 

individual effects. This statistical model estimated the parameters used for all simulation models 

in the main text. Let ܦ௜,௧ and D୧,୲
ሺ୭ሻ be the true and observed diameter (mm) of tree i in year t, 

respectively. We allow for measurement error by assuming that NቀD୧,୲
ሺ୭ሻቚD୧,୲, σ୭ୠୱ

ଶ ቁ. Furthermore, 

we assumed that true diameter increment is a function of a constant ߚ௢ and individual tree 

random effects. More explicitly, let ݈݊൫ܦ௜,௧ାଵ െ ௜,௧൯ܦ ൌ ௢ߚ ൅ ௜ߝ ൅  ௜ is the individualߝ ௜,௧, whereߝ
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tree i random effect and ߝ௜,௧ is the process error. We assumed that ߝ௜~ܰሺ0, σ୧୬ୢ.ୣ୤୤
ଶ ሻ and 

,௜,௧~ܰሺ0ߝ σ୮୰୭ୡ
ଶ ሻ.  

The estimation of the parameters ߚ௢, ,௜ߝ σ୧୬ୢ.ୣ୤୤
ଶ , σ୭ୠୱ

ଶ  and σ୮୰୭ୡ
ଶ  was done using a Bayesian 

state space model (similar to the one described in Clark et al. (2007)). Priors for these parameters 

(except for ߝ௜) were Nሺߚ௢|ߤఉ೚
, ఉ೚ߪ

ଶ ሻ, IGሺσ୧୬ୢ.ୣ୤୤
ଶ ,ଵ,୧୬ୢ.ୣ୤୤ݏ| ଶ,୧୬ୢ.ୣ୤୤ሻ, IGሺσ୭ୠୱݏ

ଶ ,ଵ,୭ୠୱݏ|  ,ଶ,୭ୠୱሻݏ

IGሺσ୮୰୭ୡ
ଶ ,ଵ,୮୰୭ୡݏ|  .ଶ,୮୰୭ୡሻ, respectively. Hereafter, IG stands for the inverse-gamma distributionݏ

A Gibbs sampler was designed using the conditional posteriors described in the appendix section 

“Conditional posteriors”. In total, 500,000 iterations were performed, discarding the first half as 

burn-in. Convergence was confirmed by running several chains with over-dispersed starting 

points. 

The comparison of the posterior and the prior distributions reveal that our prior mean for 

the measurement error variance σ୭ୠୱ
ଶ  is close to the posterior mean, although it is not contained 

in the 95% credible interval (Fig. A1). Measurement error variance σ୭ୠୱ
ଶ  was the smallest 

estimated variance and random individual tree effects accounted for more variability than the 

process variance.  
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FIG. A1. Posterior (black lines) and prior (gray lines) parameter distributions from the Gibbs 

sampler. 

Ten trees were randomly selected to be displayed, showing a close agreement between 

the posterior diameter distribution and the observed diameters (Fig. A2). 
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FIG. A2. Posterior diameter distribution (gray lines) vs. observed diameters (black circles) for ten 

randomly selected trees. Median and 95% credible intervals of the posterior distribution are 

shown with solid and dashed grey lines, respectively. 

 

Conditional posteriors: 

Here we describe the conditional posteriors for the state space model. A Gibbs 

sampler was used, which means that the random variables were sampled sequentially 

except when conditionally independent. The posterior distribution for some variables 

could be derived in closed form and thus could be sampled directly; other variables had 

to be sampled indirectly using a Metropolis within Gibbs step. All priors are vague 

except for the priors of the measurement error variance σ୭ୠୱ
ଶ . 
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‐ For the states (sampled indirectly with a Metropolis step): 

a)  D୧,୲ (intermediate states): 

p൫D୧,୲൯

ן N൫ln൫D୧,୲ െ D୧,୲ିଵ൯ หߚ௢ ൅ ,௜ߝ σ୮୰୭ୡ
ଶ ൯N൫ln൫D୧,୲ାଵ െ D୧,୲൯ หߚ௢ ൅ ,௜ߝ σ୮୰୭ୡ

ଶ ൯NቀD୧,୲
ሺ୭ሻቚD୧,୲, σ୭ୠୱ

ଶ ቁ 

b) D୧,ଵ (first state): 

p൫D୧,ଵ൯ ן N൫ln൫D୧,ଶ െ D୧,ଵ൯ หߚ௢ ൅ ,௜ߝ σ୮୰୭ୡ
ଶ ൯NቀD୧,ଵ

ሺ୭ሻቚD୧,ଵ, σ୭ୠୱ
ଶ ቁ 

c) D୧,T (last state): 

p൫D୧,T൯ ן N൫ln൫D୧,T െ D୧,Tିଵ൯ ௢ߚ| ൅ ,௜ߝ σ୮୰୭ୡ
ଶ ൯NቀD୧,T

ሺ୭ሻ|D୧,T, σ୭ୠୱ
ଶ ቁ 

‐ For σ୮୰୭ୡ
ଶ  (sampled directly): 

σ୮୰୭ୡ
ଶ ~IG ቌsଵ,୮୰୭ୡ ൅

݊ሺܶ െ 1ሻ
2

, sଶ,୮୰୭ୡ ൅
∑ ∑ ቀln൫ܦ௜,௧ െ ௜,௧ିଵ൯ܦ െ ሺߚ௢ ൅ ௜ሻቁߝ

ଶ
௡
௜ୀଵ

்
௧ୀଶ

2
ቍ 

The prior parameters sଵ,୮୰୭ୡ and sଶ,୮୰୭ୡ were set to 2.001 and 0.1001, respectively.  

‐ For σ୭ୠୱ
ଶ  (sampled directly): 

σ୭ୠୱ
ଶ ~IG ቌsଵ,୭ୠୱ ൅

݊ܶ
2

, sଶ,୭ୠୱ ൅
∑ ∑ ቀܦ௜,௧

ሺ௢ሻ െ ௜,௧ቁܦ
ଶ

௡
௜ୀଵ

்
௧ୀଵ

2
ቍ 

An earlier study for the same site suggested a maximum measurement error in diameter of 1 mm 

(Clark and Clark 1992). Assuming that 1 mm is equal to four standard deviations, this suggests a 

prior mean for the measurement error variance of 0.0625. Therefore, prior parameters were 

chosen to have this mean and to have the same weight as the data. Thus, sଵ,୭ୠୱ ൌ ND 

ଶ
 and 

sଶ,୭ୠୱ ൌ 0.0625 ൈ ൫sଵ,୭ୠୱ െ 1൯, where ND  is the number of diameter observations. 

‐ For  ߚ௢ ሺݕ݈ݐܿ݁ݎ݅݀ ݈݀݁݌݉ܽݏሻ:  
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,ݒ௢~ܰሺܸߚ ܸሻ 

where Vିଵ ൌ ൬
ଵ

σഁ೚
మ ൅

ሺ்ିଵሻ௡

σ౦౨౥ౙ
మ ൰ and ݒ ൌ ൬

ఓഁ೚

ఙഁ೚
మ ൅

∑ ∑ ൫୪୬൫D౟,౪ିD౟,౪షభ൯ିఌ೔൯౤
౟సభ

T
౪సమ

σ౦౨౥ౙ
మ ൰ 

The prior parameters ߤఉ೚
 and ߪఉ೚

ଶ  were set to 1 and 1000, respectively. 

‐ For  ߝ௜ ሺݕ݈ݐܿ݁ݎ݅݀ ݈݀݁݌݉ܽݏሻ:  

,ݒ௜~ܰሺܸߝ ܸሻ 

where Vିଵ ൌ ൬
ଵ

ఙ೔೙೏.೐೑೑
మ ൅

ሺ்ିଵሻ

σ౦౨౥ౙ
మ ൰ and ݒ ൌ ൬

∑ ൫௟௡൫஽೔,೟ି஽೔,೟షభ൯ିఉ೚൯೅
೟సమ

σ౦౨౥ౙ
మ ൰ 

‐ For  σ୧୬ୢ.ୣ୤୤
ଶ  ሺݕ݈ݐܿ݁ݎ݅݀ ݈݀݁݌݉ܽݏሻ:  

σ୧୬ୢ.ୣ୤୤
ଶ ~IG ൭sଵ,୧୬ୢ.ୣ୤୤ ൅

݊
2

, sଶ,୧୬ୢ.ୣ୤୤ ൅
1
2

෍ ௜ߝ
ଶ

ே

௜ୀଵ

൱ 

The prior parameters sଵ,୧୬ୢ.ୣ୤୤ and sଶ,୧୬ୢ.ୣ୤୤ were set to 2.001 and 0.1001, respectively. All the 

inverse-gamma distributions were parameterized as ܩܫሺݕ|α, βሻ ൌ ୷షαషభୣషβ/౯

ሺଵ/βሻαΓሺαሻ
. 
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