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Traditional Multiaged Silviculture
and the “Balanced Stand”
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From Smith et al. 1997

One 
definition of 
a balanced 
stand is 
based on 
age/size 
classes 
occupying 
equal 
amounts of 
growing 
space.



Designing Multiaged Stands

• Whereas even-aged stocking control is 
just trees (stocking) per area

• Multiaged stocking control requires we 
distribute these trees by age or size or 
species.

• This adds a layer of complexity.
• What can we learn from existing stands? 



Leaf area index over time 
for even-aged stands

Time

L
ea

f A
re

a 
In

de
x





Cohorts in a Multiaged Stand





(O’Hara 1996)



Gersonde and O’Hara 2005



Number of trees allocation
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• How should growing 
space be distributed?

• Equally?
• Greater amounts to 

older cohorts, or 
younger?
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Growing space allocation
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(from O’Hara 1998)



TOTAL Leaf Area Index (LAI) 6
Cohort 1 Cohort 2 Cohort 3 Cohort 4 TOTAL

Number of Trees/Cohort/Acre 75 100 0 0 175
Percent of LAI/Cohort 70 30 0 0 100

Cohort 1 Cohort 2 Cohort 3 Cohort 4 TOTAL
Leaf Area Index/Cohort ECC 4.2 1.8 0.0 0.0 6.0
Leaf Area Index/Cohort BCC 1.4 0.0 0.0 1.4
Leaf Area/Tree (ft 2̂) ECC 2439.4 784.1 0.0 0.0
BA/Cohort (ft 2̂/ac) ECC 91.4 36.4 0.0 0.0 127.7
BA/Cohort (ft 2̂/ac) BCC 27.3 0.0 0.0 27.3
Avg. Vol. Increment/Tree (ft 3̂/yr) ECC 0.52 0.19 0.00 0.00
Avg. Vol. Increment/CC (ft 3̂/ac/yr) 26.8 9.7 0.0 0.0 36.5
Quadratic Mean DBH/Cohort (in) ECC 14.9 8.2 0.0 0.0
Tree Vigor (in 3̂/ft 2̂/yr) 0.397 0.213 0.000 0.000
Stand Density Index ECC 142.6 72.3 0.0 0.0 215.0
Stand Density Index BCC 54.3 0.0 0.0 54.3

Ponderosa pine MASAM - MONTANA
USER-SPECIFIED VARIABLES

DIAGNOSTIC INFORMATION



TOTAL Leaf Area Index (LAI) 6
Cohort 1 Cohort 2 Cohort 3 Cohort 4 TOTAL

Number of Trees/Cohort/Acre 25 40 55 0 120
Percent of LAI/Cohort 50 35 15 0 100

Cohort 1 Cohort 2 Cohort 3 Cohort 4 TOTAL
Leaf Area Index/Cohort ECC 3.0 2.1 0.9 0.0 6.0
Leaf Area Index/Cohort BCC 1.3 0.7 0.0 2.0
Leaf Area/Tree (ft 2̂) ECC 5227.2 2286.9 712.8 0.0
BA/Cohort (ft 2̂/ac) ECC 65.5 42.2 16.7 0.0 124.4
BA/Cohort (ft 2̂/ac) BCC 26.4 12.1 0.0 38.5
Avg. Vol. Increment/Tree (ft 3̂/yr) ECC 1.48 0.50 0.18 0.00
Avg. Vol. Increment/CC (ft 3̂/ac/yr) 24.7 13.5 4.9 0.0 43.1
Quadratic Mean DBH/Cohort (in) ECC 21.9 13.9 7.5 0.0
Tree Vigor (in 3̂/ft 2̂/yr) 0.432 0.405 0.216 0.000
Stand Density Index ECC 87.8 67.8 34.4 0.0 189.9
Stand Density Index BCC 42.4 25.0 0.0 67.4

Ponderosa pine MASAM - MONTANA
USER-SPECIFIED VARIABLES

DIAGNOSTIC INFORMATION



TOTAL Leaf Area Index (LAI) 6
Cohort 1 Cohort 2 Cohort 3 Cohort 4 TOTAL

Number of Trees/Cohort/Acre 18 24 30 36 108
Percent of LAI/Cohort 40 30 20 10 100

Cohort 1 Cohort 2 Cohort 3 Cohort 4 TOTAL
Leaf Area Index/Cohort ECC 2.4 1.8 1.2 0.6 6.0
Leaf Area Index/Cohort BCC 1.4 1.0 0.5 2.8
Leaf Area/Tree (ft 2̂) ECC 5808.0 3267.0 1742.4 726.0
BA/Cohort (ft 2̂/ac) ECC 52.6 36.4 22.4 11.0 122.4
BA/Cohort (ft 2̂/ac) BCC 27.3 17.9 9.1 54.3
Avg. Vol. Increment/Tree (ft 3̂/yr) ECC 1.74 0.70 0.39 0.11
Avg. Vol. Increment/CC (ft^3/ac/yr) 21.9 13.0 7.5 2.0 44.4
Quadratic Mean DBH/Cohort (in) ECC 23.2 16.7 11.7 7.5
Tree Vigor (in 3̂/ft 2̂/yr) 0.443 0.377 0.324 0.263
Stand Density Index ECC 69.0 54.4 38.5 22.6 184.5
Stand Density Index BCC 40.8 30.8 18.8 90.4

Ponderosa pine MASAM - MONTANA
USER-SPECIFIED VARIABLES

DIAGNOSTIC INFORMATION



TOTAL Leaf Area Index (LAI) 5
Cohort 1 Cohort 2 Cohort 3 Cohort 4 TOTAL

Number of Trees/Cohort/Acre 18 24 30 36 108
Percent of LAI/Cohort 40 30 20 10 100

Cohort 1 Cohort 2 Cohort 3 Cohort 4 TOTAL
Leaf Area Index/Cohort ECC 2.0 1.5 1.0 0.5 5.0
Leaf Area Index/Cohort BCC 1.1 0.8 0.4 2.3
Leaf Area/Tree (ft 2̂) ECC 4840.0 2722.5 1452.0 605.0
BA/Cohort (ft 2̂/ac) ECC 44.1 30.5 18.6 9.1 102.3
BA/Cohort (ft 2̂/ac) BCC 22.9 14.9 7.6 45.3
Avg. Vol. Increment/Tree (ft 3̂/yr) ECC 1.31 0.59 0.33 0.09
Avg. Vol. Increment/CC (ft^3/ac/yr) 17.1 11.0 6.3 1.7 36.1
Quadratic Mean DBH/Cohort (in) ECC 21.2 15.3 10.7 6.8
Tree Vigor (in 3̂/ft 2̂/yr) 0.421 0.382 0.328 0.264
Stand Density Index ECC 59.9 47.3 33.2 19.4 159.8
Stand Density Index BCC 35.5 26.6 16.2 78.2

Ponderosa pine MASAM - MONTANA
USER-SPECIFIED VARIABLES

DIAGNOSTIC INFORMATION

















GTR 220 Silviculture

• Multiaged stands
• Spatial heterogeneity
• Mixed-species but favoring pines
• Retaining large trees
• Retaining other structural features (snags, 

broadleaved trees, CWD, “defect” trees, 
etc)
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TOTAL Leaf Area Index (LAI) 6
Cohort 1 Cohort 2 Cohort 3 Cohort 4 TOTAL

Number of Trees/Cohort/Acre 20 5 10 15 50
Percent of LAI/Cohort 90 7 2 1 100

Cohort 1 Cohort 2 Cohort 3 Cohort 4 TOTAL
Leaf Area Index/Cohort ECC 5.4 0.4 0.1 0.1 6.0
Leaf Area Index/Cohort BCC 4.5 0.1 0.0 4.6
Leaf Area/Tree (ft 2̂) ECC 10000.0 3659.0 522.7 174.2
BA/Cohort (ft 2̂/ac) ECC 117.3 9.0 1.8 0.6 128.7
BA/Cohort (ft 2̂/ac) BCC 36.0 0.9 0.4 37.3
Avg. Vol. Increment/Tree (ft 3̂/yr) ECC 4.19 0.78 0.14 0.03
Avg. Vol. Increment/CC (ft^3/ac/yr) 49.7 2.3 0.8 0.2 53.0
Quadratic Mean DBH/Cohort (in) ECC 32.8 18.2 5.7 2.7
Tree Vigor (in 3̂/ft 2̂/yr) 0.546 0.415 0.369 0.275
Stand Density Index ECC 133.8 13.0 4.0 1.8 152.6
Stand Density Index BCC 52.0 2.0 1.2 55.2

Ponderosa pine MASAM - MONTANA
USER-SPECIFIED VARIABLES

DIAGNOSTIC INFORMATION





Even- vs Multiaged Stands - Ponderosa 
Pine
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(from O’Hara and Nagel 2006)



Productivity in even-aged and multiaged stands

Stand Volume Increment
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(from O’Hara and Nagel 2006)



Water potential differences between structures
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Range of silvicultural systems

clearcut selection systems



Wind-up points

• Hope for the USFS?
• Lower stocking, enhancing variability
• Get rid of those reverse-J diameter 

distributions
• Need tools that allow us to design variable 

structures with unique features
• Recognize that silvicultural alternatives 

exist on a continuum



Biomass Implications

• Multiaged stands have same potential to 
produce biomass

• Probably also more dispersed spatially 
(e.g., less biomass per acre)

• Less economical to remove than even-
aged stands.
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Thanks!
• The GTR- 220 (PSW-GTR-220) can be downloaded at:

• http://www.fs.fed.us/psw/publications/documents/psw_gtr220/

• Or ordered from Richard Schneider (PSW pubs) at:

• rschneider@fs.fed.us


