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Evaluation of thinning system by canopy dynamic model
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Mizunaga, H. : Evaluation of thinning system by canopy dynamic model. Bulletin of the Okayama
Prefectural Forest Experiment Station 14 : 1~ 49, 1998 It is helpful for planning the thinning to predict’
some changes of the stand structure after thinning. The changes of forest structure after thinning are
closely related to canopy dynamics, because canopy gaps are created by thinning. As such, a canopy
dynamic model was constructed to simulate the changes of foliage distribution, stem volume, and
photosynthetic photon flux density (PPFD) distributions on the forest floor during the clesure of canopy
gaps, to evaluate the effects of different sorts of thinning.

The spatial foliage density distributions within the crowns of Crwptomeria japonica and Chamaecyparis
obtusa were measured, because the foliage distribution pattern within the crown is an important component
of canopy structure. The foliage density can be calculated using the equation of “Foliage density function”
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which simple equation consists of the crown radius, the horizontal distances from stem axis, and the vertical
distances from the crown surface.

The canopy dynamic model was composed of four integrative parts: 1) The three-dimensional shape of
the canopy surface was simulated from three-dimensional positions of the apex and the shape of sunny
crown; 2) The foliage distribution of individual tree was calculated based on the shape of the canopy surface
and “Foliage density function”; 3) The individual increment of stem volume was calculated from the foliage
distributions of each individual tree and the foliage efficiency of stem volume production; 4) PPFD
distribution on the forest floor was simulated from the shape of the canopy surface, “Foliage density
function” and the position of the sun. Consequently, it is possible to predict the distributions of foliage, the
individual stem volume increments, and PPFD distribution by this model. The model requires only the
three-dimensional positions of the bases and the initial heights of individual trees as individual data.

The verification of this model suggested its availability as follows. 1) The simulated canopy gap ratio
decreased exponentially after thinning. These reductions were similar to the actual changes of relative light
intensity that were reported in previous papers. 2) The simulated foliage vertical distributions and foliage
weights of individual trees at thinning corresponded to measured values. 3) The simulated changes of
foliage weights in the modeled stands due te thinning were similar to actual changes that were reported
previously. 4} The simulated individual stem volume increments at thinning corresponded to the stem
volume increments which were measured by stem analysis. 5) The simulated individual stem volume
increments during three or five years after thinning corresponded to the stem volume increments that were
calculated from the changes of D*H. 6) The simulated PPFD on the forest floor corresponded to actual
values in daily totals, hourly averages, and frequency patterns.

Twelve thinning systems were planned with three different types of thinning (lower-story thinning,
upper-story thinning, and all-story thinning) and four thinning intensity classes (thinning rate represented
by stem volume; 109, 20 %, 40 %, and 609%). The foliage distribution and the stem volume increment were
simulated by the canopy dynamic model with three mean tree-height-growth classes (0.3, 0.5, and 0.7 m-yr™'),
assuming that the forest was thinned by twelve thinning plans and was not thinned (control), respectively.
The following results were demonstrated by this simulation. 1) The decreasing rate of the canopy gap ratio
was effected by mean tree-height-growth class, thinning intensity class, and thinning type. The decreasing
rates increased with the thinning intensity and mean tree-height-growth. The canopy gaps closed faster in
lower-story thinning than in the other thinning types. 2) The individual foliage weights and RGR of stem
volume were effected by mean tree-height-growth class and thinning intensity class, but not by thinning
type. Hence, the upper-story thinning promoted the individual growth like the other thinning types did. 3)
The vertical foliage distribution pattern in the stand did not change and only rose upward accompanying
the tree-height-growth in the mild thinning, which thinning ratic was less than 20 9%. On the other hand, in
the intensive thinning, the foliage weights at lower parts of the canopy increased, and the foliage vertical
distributions skewed downward more than in mild thinning. 4) The variance of individual stem volume at
five years after thinning was smaller in the lower-story thinning than in the other thinning types. This result
suggests the possibility of homogenizing the individual size by the execution of lower-story thinning.

Relative PPFD on an overcast day was simulated assuming that forest was thinned by mechanical
thinning plans with three different thinning intensity classes (thinning rate represented by stem volume;
209, 33% and 50 %). Relative PPFD was closely related to the canopy gap ratio. The decreasing rates of
relative PPFD after thinning were 0.1yr—!, and it took about five years for the relative PPFD to become
half of the value at just after thinning, when the tree-height-growth was 0.3myr™".

Keywords : canopy dynamic model, thinning, foliage distribution, photosynthetic photon flux density
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