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Growth, Removals and Mortality (GRM)

* Increase in size and biomass of
trees in a stand over time

INITIAL STATE ' ENVIRONMENTAL ' REGROWTH
DISTURBANCES I

Mortality

|

[

| 723

| ) New growth
I o

|

|

* Competition main driver

* Types of growth

Gross growth: all growth including mortality

Net th: th-mortali
et growth: gross growth-mortality TIME B

Mortality: trees dying from natural causes
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Stand Density Index (SDI)

* Biologically based measure of SD PERFECTING A STAND-DENSITY INDEX FOR EVEN-
independent of site and stand age By L. H. REINEKE
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perfecting a stand-density index for even- aged forests
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* Relative Density= SDI/SDImax (0-1)

predicts phases of stand development

management decisions
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Theoretical density relationships

* Production forestry aims at identifying a
density where trees to sustainably maximize
growth

° : 0 3 ’
No consensus on the density-growth - ,
relationships and definitions 5 #
* Better quantitative models to represent Pattern
. . . * * * Optimal
density-growth relationships =
Density —»

Theoretical relationships between volume growth and stand density

Citation: Allen II and Burkhart (2019); Zeide (2004); Long, (1985); Jang (2021); Pretzsch, (2009) >
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Introduction

Growth Density

Volume (total vs merchantable ) Basal area
Relative density (SDI, Standardized SDI,
Biomass RD, Relative spacing)

Carbon (total carbon vs annual average) [(Trees per hectare

* Gross=live + removal+ mortality (tC/ha/yr)

* Net=live + removal (tC/ha/yr)

* RD=SDI/SDImax



Overarching questions
1. Is there a breakpoint/ change point in the relationship between gross and net growth?
2. If there is a change point, what is the sigh and magnitude of the breakpoint?
a) Does growth increase after the breakpoint?
b) Does growth show an optimal level after the breakpoint?
c) Does growth decline after the breakpoint?

3. Do we have breakpoints of the same forest types/ecoregions in the same clusters?

4. What are the potential drivers of the different density-growth relationships?



Forest Inventory and Analysis (FIA) data
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. Subplot 24.0 ft (7.32 m) radius
_. Microplot 6.8 ft (2.07 m) radius
£™"% Annular plot 58.9 ft (17.95 m) radius
. Lichens plot 120.0 ft (36.60 m) radius
B \Vegetation plot 1.0 square meter area
= Soil sampling {(Point sample)
mm Down woody debris 24 ft (7.32 m) transects

9
Citations: USDA, (2005); Janowiak et al, (2017); Domke, (2023)
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RESULTS: Test for slope ditterences

Adjusied p-value
Grossgrowth [IEL 2216
Netgrowth [I2 22616
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Gross growth-RD relationships across forest types
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Results: Net growth-RD across ecosubsections
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Potential drivers of density growth relationships
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Conclusions

* Gross and net growth linearly increased with RD up to a breakpoint of 0.51-0.55
beyond which the relationship became more asymptotic

* Asymptotic nature of the relationship supports the Langsaeter hypothesis.

* Limited number of clusters optimally determined from the identified breakpoints



Conclusions

* RD is a reliable predictor of gross and net growth exhibiting logical behavior

across a range of conditions, yet a substantial amount of unexplained variation
remained

* Stand structure and density are the potential dominant drivers for density-growth
relationships
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