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The challenge

• Forest simulation is critical to industry.

• Existing models used by industry tend to be empirical.

– Based on historical inventory data.

– Models are getting older.

• Resilience in the face of uncertain future. 

– Novel and potentially complex silviculture.

– Novel climates on existing soils/topography.



What do we want out of models?

(Lin et al. 2020)
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(Adapted from Salekin 2019 and Ruiz-Benito et al. 2020)



Not a new idea…

• Tennent (1982)

– Distant dependent 

– 150 trees sampled over three years

• Individual-Tree Growth Model (ITGM)

– Gordon and Shula through 1990’s & 
2000’s

– Distance independent 



• A relatively simple scenario to start

– One species

– One age-class

– One site

– One time period

Proof of concept prototype – Even-aged Pinus radiata 
in Puruki Experimental Forest
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∆𝐻 = 𝑒 ఈబାఈభ×஼ூାఈమ×஼௉஺మ ି
ఉబାఉభ×ேூభ

் ∆𝐻 = 𝛽ଵ × 𝐶𝐼 + 𝛽ଶ × 𝐶𝑃𝐴 + 𝑍 × 𝑁𝐼 + 𝜀

CI = Competition Index; CPA = Crown area of individual tree; NI = Neighbourhood stocking; Z = Random effect

Augmented two parameter Shumacher model Linear mixed-effect model



∆𝐻 = 𝑒 ఈబାఈభ×஼ூାఈమ×஼௉஺మ ି
ఉబାఉభ×ேூభ

் ∆𝐻 = 𝛽ଵ × 𝐶𝐼 + 𝛽ଶ × 𝐶𝑃𝐴 + 𝑍 × 𝑁𝐼 + 𝜀

CI = Competition Index; CPA = Crown area of individual tree; NI = Neighbourhood stocking; Z = Random effect

Augmented two parameter Shumacher model Linear mixed-effect model

• Lowest AIC -2349.268
• Lowest RMSE 0.076 m yr-1

• Largest cond. R2  0.909

Fixed effect Estimate SE t-value
Intercept 1.031 0.008 119.95
CI -0.064 0.003 -20.53
CPA 0.004 0.001 25.63
Random 
effects

Variance ES

NI 0.097 0.312
Residual 0.010 0.101



Trained model Test model
RMSE R2 RMSE R2

0.076 0.909 0.226 0.89



Conclusions and next steps

• Successful prototype, but this is just step with 
much more development needed

• Refine model

– Expand beyond Puruki Experimental 
Forest

– Expand across rotation

– Expand factors: climate, silviculture and 
fertilization, disease, other species and 
silvicultural systems

– User interface

• Forest Simulation Interest Group (FSIG) 
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