
Introduction
Modeling the establishment and growth of natural regeneration in 
unmanaged stands is a difficult and important task. A large 
proportion of British Columbia’s Mid- to Long- Term timber supply 
will originate from these unmanaged, naturally regenerating stands.

Objective:
To model the establishment and growth of natural regeneration in 
unmanaged, lodgepole pine (Pinus contorta var. latifolia Dougl.)
dominated stands (Figure 1).

Approach:

Link SORTIE-ND and PrognosisBC to create a ‘Hybrid’ model –
or as some may say, a “Kludge”. By drawing on the strengths of 
each model, we can increase the accuracy of estimated densities 
of natural regeneration in unmanaged stands.

SORTIE-ND: A light mediated, spatially explicit individual tree 
growth model.

PrognosisBC: A distance independent, individual tree growth 
model.

Kludge: Tales of a Hybrid Growth and Yield Model
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Figure 1. Lodgepole pine seedlings under an open canopy 25-years after Mountain 
Pine Beetle attack.

Methodology
A schematic representation of the general model flow is presented 
in Figure 2. The model is initiated by populating SORTIE and 
PrognosisBC with the same overstory and understory tree list.

New estimates of regeneration produced in SORTIE are linked to 
Prognosis at specified points in time (Time 2 in Figure 1).

However, some changes to SORTIE were required…

Figure 2. Hybrid model flow.
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Methodology…
Before the Hybrid model could be tested, the Crown Allometry Equations (EQ.1, EQ.2) 
in SORTIE were modified to improve:

•Predictions of crown height and crown width across a wide range of stand densities

•Logical consistency and functional form of the crown height and crown width equations.

EQ.1 (Crown Height) and EQ.2. (Crown Radius) were added to SORTIE. Use of Stems per hectare (STPH), 
Basal Area per hectare (BAPH) and Basal Area of taller trees (BAL) improved the fit of the models over a 
range of stand densities.
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Results
The new crown height and crown radius equations improved estimates of adult tree 
crown dimensions (Figure 3). Adjustments to the crown dimensions in SORTIE resulted 
in the following changes in model predictions:

•Reduced crown height and crown width in dense stands

•Increased levels of model predicted light reaching the seedling layer

•Estimates of seedlings and saplings closer to actual field measurements.

Following a 25-year projection, Hybrid model estimates of natural regeneration (Figure 
4) were closer to observed values when compared to estimates using Prognosis only 
(Figure 5).

Figure 3. Predicted Crown Height and Crown Width from new density dependent equations programmed into 
SORTIE. Results are for Lodgepole pine (two panels on left) and Interior Spruce (two panels on right).

Figure 4. Stand following 25-year projection using Hybrid approach. Note increase in seedling
densities.

Figure 5. Stand following 25-year projection using Prognosis only. Note low seedling densities.

Linking SORTIE and Prognosis has allowed us to use the models’ strengths to improve 
our estimates of natural regeneration in unmanaged stands. Using this approach to 
forecast seedling establishment and growth following Mountain Pine Beetle attack will 
increase the accuracy of Mid- to Long- Term timber supply estimates.

Conclusions
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