
S.Y. (Tony) Zhang, Senior Scientist & Group Leader 
Resource Assessment & Utilization Program

S.Y. (Tony) Zhang, Senior Scientist & Group Leader 
Resource Assessment & Utilization Program

SS--10431043



1.1.

GeneralGeneral conclusionsconclusions

Impact of stand Impact of stand densitydensity management on management on 
stem stem andand woodwood characteristicscharacteristics, , lumberlumber
propertiesproperties andand financialfinancial returnsreturns in in easterneastern
speciesspecies

BackgroundBackground

2.2.

3.3.

S-1043



S-951E

•• DecliningDeclining woodwood supplysupply in in easterneastern Canada Canada 

isis the the keykey to to improveimprove
productivityproductivity 1.5 m1.5 m33/ha//ha/yryr

isis the the keykey to IFMto IFM

•• Initial Initial spacingspacing: initial : initial plantingplanting densitydensity
•• EarlyEarly spacingspacing: : precommercialprecommercial thinningthinning (PCT)(PCT)
•• LateLate spacingspacing:  commercial :  commercial thinningthinning (CT)(CT)

BackgroundBackground

Intensive Forest Management (IFM)Intensive Forest Management (IFM)

Stand Density Management (SDM)Stand Density Management (SDM)

Part IPart I
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Type of  Type of  
DensityDensity Major Major speciesspecies EstimatedEstimated area area 
RegulationRegulation (x 1000 ha)(x 1000 ha)

Initial Initial spacingspacing SprucesSpruces, jack pine, jack pine 190 190 
((PlantingPlanting))

PCTPCT BalsamBalsam firfir, jack pine, jack pine 125125

CT CT SprucesSpruces, pines, pines 3030

Status of stand density management 
in eastern Canada (I)

Status of stand density management 
in eastern Canada (I)



S-951E

•• DecisionsDecisions on initial on initial densitydensity & & thinningthinning intensityintensity are are 
basedbased exclusivelyexclusively on on growthgrowth & & yieldyield (volume)(volume)

•• Impact on Impact on productproduct qualityquality andand returnsreturns on the on the 
investmentinvestment unknownunknown

Status of stand density management 
in eastern Canada (II)

Status of stand density management 
in eastern Canada (II)
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to to determinedetermine the the optimaloptimal
stand stand densitydensity or or thinningthinning
intensityintensity requiredrequired
to to achieveachieve: : 

1) 1) qualityquality productsproducts

2) the best 2) the best returnsreturns ((insteadinstead of maximum of maximum 
woodwood volume)volume)

Overall ObjectiveOverall Objective

ObjectiveObjective
Part IPart I
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Product QualityProduct Quality

StandsStands of of differentdifferent densitiesdensities & DBH & DBH frequencyfrequency distributiondistribution
SampleSample treestrees of of differentdifferent DBH classesDBH classes

Integrated Approach to the wood
value chain

Integrated Approach to the wood
value chain

Economic ReturnEconomic Return
•• Log volume Log volume recoveryrecovery
•• LumberLumber value value recoveryrecovery
•• Total stand value Total stand value 

•• SilviculturalSilvicultural treatmenttreatment costcost
•• HarvestingHarvesting//manufacturingmanufacturing costcost

•• BenefitBenefit//costcost analysisanalysis

•• ExternalExternal stem/log stem/log qualityquality
•• Wood/fibre Wood/fibre qualityquality

•• Chip/Chip/pulppulp propertiesproperties

•• LumberLumber grade grade yieldyield
•• LumberLumber strengthstrength//stiffnessstiffness
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Projects InitiatedProjects Initiated

1)1) Initial Initial spacingspacing in black in black sprucespruce
2)2) PrecommercialPrecommercial thinningthinning in in balsambalsam firfir
3)3) PrecommercialPrecommercial thinningthinning in jack pine in jack pine 
4)4) Initial Initial spacingspacing in jack pinein jack pine

Forintek's initiatives on SDM in 
eastern Canada

Forintek's initiatives on SDM in 
eastern Canada
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Stem characteristics for 
the four initial spacings
Stem Stem characteristicscharacteristics for for 
thethe four initial four initial spacingsspacings

      Initial stand density (trees/ha)
Characteristic 1372 2066 2500 3086

DBH (cm) 20.5 15.9 15.7 15.6
Live crown length (m) 7.8 6.3 6.1 5.6
Live crown width (m) 2.8 2.3 2.0 1.8

Average diameter of the 5
biggest branches (cm)

2.38 1.83 1.84 1.64



Stiffness of black spruce lumber from
the 4 plantations vs. natural stands

Stiffness of black spruce lumber from
the 4 plantations vs. natural stands
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Percentage of the plantation-grown lumber
which meets the design requirement for 

Lumber MOE

PercentagePercentage of the of the plantationplantation--growngrown lumberlumber
whichwhich meetsmeets the design the design requirementrequirement for for 

LumberLumber MOEMOE

Required design
property used in the

comparison
Percentage of lumber pieces which meet the MOE design

value (%)
Stand density (trees/ha)Visual

Grade
Mean

MOE (MPa) 1372 2066 2500 3086 4 densities
combined

Select Structural 10865 2.7 18.5 17.6 25.0 15.5
No. 2 10044 13.4 39.1 24.5 26.8 24.6
No. 3 9296 8.3 14.3 40.0 66.7 25.0

Grand Total 6.2 23.2 20.3 26.7 18.3
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1) 1) WallerWaller--DuncunDuncun test test (values (values sharingsharing the the samesame letterletter belongbelong to the to the samesame group)group)

The 5th percentile of MOR, mean MOR and
mean MOE in relation to visual grade  

(4 densities combined)

The 5th percentile of MOR, The 5th percentile of MOR, meanmean MOR MOR andand
meanmean MOE in relation to visual grade  MOE in relation to visual grade  

(4 (4 densitiesdensities combinedcombined))

Visual
Grade

Sample
Size

Mean MOR
(and group)

5th percentile
MOR

Mean MOE
(and group)

Select Structural 547    42.72   (A)1) 27.78 9195  (A)

No. 1 12 39.99  (A) 32.53 9106  (A)

No. 2 203 41.82  (A) 24.57 8961  (A)

No. 3 32 36.99  (B) 26.92 8258  (B)

Economy 55 41.65  (A) 24.55 8851  (A)

Grand Total 849 42.18 27.27 9081
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BenefitBenefit//costcost ratios for the ratios for the 
4 initial 4 initial spacingsspacings

Initial Stand Initial Stand DensityDensity ((treestrees/ha)/ha)

13721372 20662066 25002500 30863086

Total stand valueTotal stand value 29581.3829581.38 24104.47    29162.3424104.47    29162.34 35228.73 35228.73 
($/ha)($/ha)

Total Total costcost 16790.5916790.59 17080.67    20663.5917080.67    20663.59 24702.66 24702.66 
($/ha)($/ha)

BenefitBenefit//costcost ratioratio 1.761.76 1.41            1.41        1.41            1.41        1.431.43
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Projects InitiatedProjects Initiated

1)1) Initial Initial spacingspacing in black in black sprucespruce
2)2) PrecommercialPrecommercial thinningthinning in in balsambalsam firfir
3)3) PrecommercialPrecommercial thinningthinning in jack pine in jack pine 
4)4) Initial Initial spacingspacing in jack pinein jack pine

Forintek's initiatives on SDM in 
eastern Canada

Forintek's initiatives on SDM in 
eastern Canada
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lumber grade yield and bending strength/ 
stiffness for the stands of the control, 

moderate thinning and heavy thinning in 
balsam fir

lumberlumber grade grade yieldyield andand bendingbending strengthstrength/ / 
stiffnessstiffness for the stands of the control, for the stands of the control, 

moderatemoderate thinningthinning andand heavyheavy thinningthinning in in 
balsambalsam firfir

1) 1) WallerWaller--DuncunDuncun test test (values (values sharingsharing the the samesame letterletter belongbelong to the to the samesame group)group)

Characteristic Control Moderate
thinning

Heavy
Thinning

Branch diameter (mm) 15.8  (A)1) 21.5  (B) 24.7   (C)
Select Structural grade yield (%)
(grading based on knots only)

77.7  (A) 59.1  (B) 51.7   (C)

Select Structural grade yield (%) 59.5  (A) 56.8  (A) 41.3   (B)
No. 2 & Better grades yield (%) 92.8  (B) 97.9  (A) 96.2   (A)
MOE (MPa) 9211 (A) 8837 (A) 8136  (B)
MOR (MPa) 41.5 (A) 40.5  (A) 36.0   (B)
Wood density (kg/m3) 348  (A) 342   (A) 329    (B)



Control

Heavy thinning
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Bending properties of lumber from
thinned and control balsam fir stands

Bending properties of lumber from
thinned and control balsam fir stands
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EstimatedEstimated benefitbenefit//costscosts ratio for ratio for 
the control the control andand thinnedthinned stands in stands in 

balsambalsam firfir

S-1043

Cost item 1000-2000
(stems/ha)

2000-2500
(stems/ha)

2500-3000
(stems/ha)

3000-3500
(stems/ha)

3500-5000
(stems/ha)

5000-7500
(stems/ha)

>7500
(stems/ha)

Stand Value ($/ha) 14073 13410 14355 14036 12712 12287 12081

Costs ($/ha) 17522 17632 18985 17008 17717 18129 17188

B/C ratio 0.80 0.76 0.76 0.83 0.72 0.68 0.70



Projects InitiatedProjects Initiated
1)1) Initial Initial spacingspacing in black in black sprucespruce
2)2) PrecommercialPrecommercial thinningthinning in in balsambalsam firfir
3)3) PrecommercialPrecommercial thinningthinning in jack pine in jack pine 
4)4) Initial Initial spacingspacing in jack pinein jack pine

Forintek's initiatives on intensive 
silviculture in eastern Canada

Forintek's initiatives on intensive 
silviculture in eastern Canada
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Average tree characteristics for 
the four densities

Average tree characteristics for 
the four densities

Characteristic Control 4 x 4 5 x 5 7 x 7 
Total tree height (m) 14.0 14.5 14.5 15.6 
Tree volume (to the 7-cm top) (dm3/tree) 99.7 99.8 112.0 160.3 
Stem taper (cm/m) 0.87 0.82 0.90 0.97 
Crown width (m) 1.8 2.0 2.1 2.4 
Average branch diameter (mm) 20.7 18.9 20.1 25.4 
Live crown length (m) 4.4 4.5 4.4 5.3 
Proportion of the live crown (%) 33.1 30.7 28.0 32.0 
Length of the log without live crown m) 9.3 10.0 10.1 10.3 
Mean log volume (dm3) 24.3 23.7 25.8 33.0 
Log volume/stem volume (%) 84.2 82.4 84.4 87.3 
Log length/stem length (to 7-cm top) (%) 88.3 88.1 89.0 89.3 
 



Distribution of lumber by 
grade-limiting defects (%)
Distribution of lumber by 
grade-limiting defects (%)

Defect spacing (trees/ha)
Control 4X4 5X5 7X7

Wane 29,4 32,7 24,5 27,0
Knots 16,4 19,0 21,4 28,9
Others 3,6 3,8 2,5 3,0

SS 50,6 44,5 51,6 41,1
Total 100.0 100.0 100.0 100.0
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MOE in relation 
to DBH and spacing

MOE in relation 
to DBH and spacing
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Estimated benefit/costs ratio 
for the control and thinned stands in 

jack pine

Estimated benefit/costs ratio 
for the control and thinned stands in 

jack pine

S-1043

Control 4 x 4 5 x 5 7 x 7

Stand value ($/ha) 22127 23304 24450 28264

Costs ($/ha)
          Scenario 1 (manual thinning)
          Scenario 2 (semi-mechanized)

18568
18568

20355
20134

19507
19287

20668
20448

B/C ratio
           Scenario 1
           Scenario 2

1.19
1.19

1.14
1.16

1.25
1.27

1.37
1.38



Projects InitiatedProjects Initiated
1)1) Initial Initial spacingspacing in black in black sprucespruce
2)2) PrecommercialPrecommercial thinningthinning in in balsambalsam firfir
3)3) PrecommercialPrecommercial thinningthinning in jack pinein jack pine
4)4) Initial Initial spacingspacing in jack pinein jack pine

Forintek's initiatives on intensive 
silviculture in eastern Canada
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Most Important is Stem Deformations
in Plantation Grown Jack Pine

Most Important Most Important isis Stem Stem DeformationsDeformations
in Plantation in Plantation GrownGrown Jack PineJack Pine
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Average Tree Characteristics
for the 4 Spacings
AverageAverage TreeTree CharacteristicsCharacteristics
for the 4 for the 4 SpacingsSpacings

Spacing (feet)
Characteristic 5x5 5x5 to 7x7 7x7 9x9

Tree DBH (cm) 16.2 17.7 18.8 19.8
Tree height (m) 16.8 17.5 17.2 17.5
Live crown length (m) 4.4 4.8 4.7 5.5
Crown width (m) 2.6 2.7 3.4 3.8
Proportion of live crown (%) 25.1 26.4 27.2 31.4
Length of the log below live
crown (m)

12.4 12.8 12.4 11.9

Branch diameter - 5 largest
(mm)

29.1 32.5 34.0 37.0

Log volume per tree (dm3) 144.2 191.0 199.2 215.2
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Grade Limiting Defects in 2" 
Lumber (lumber volume affected)
Grade Grade LimitingLimiting DefectsDefects in 2" in 2" 
LumberLumber ((lumberlumber volume volume affectedaffected))

S p ac in g  (fee t)L im itin g
D efec t 5x5 5x5  to

7x7
7x7 9x9

W an e 14 .6 18 .1 13 .3 17 .3
C o lo ra tio n  &
D eca y

20 .0 19 .8 17 .0 14 .4

K n o ts 28 .9 33 .8 46 .1 47 .6
O th ers 2 .2 1 .3 3 .4 1 .5
N o  d e fec ts  (S S ) 34 .3 27 .0 20 .2 19 .3
T o ta l 100 .0 100 .0 100 .0 100 .0
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Estimated Benefit/Cost Ratio 
for the 4 Spacings
EstimatedEstimated BenefitBenefit//CostCost Ratio Ratio 
for the 4 for the 4 SpacingsSpacings

Spacing (feet)Item
5x5 5x5 to 7x7 7x7 9x9

Stand value
($/ha)

$9 453 $16 643 $11 491 $12 258

Costs ($/ha) $9 083 $13 587 $8 571 $8 119

B/C ratio(1,2) 1.04 1.22 1.34 1.51
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Impact on product qualityImpact on product quality
•• ThinningThinning or or increasedincreased stand stand densitydensity generallygenerally leadsleads to a to a largerlarger

crown size, crown size, biggerbigger branches branches andand largerlarger stem taper. stem taper. ProductProduct qualityquality
thusthus tends to tends to decreasedecrease. . YetYet, , thethe impact impact dependsdepends uponupon

ThinningThinning intensityintensity:: A A significantsignificant impact impact onlyonly whenwhen thethe residualresidual densitydensity
isis lowerlower thanthan 2,000 2,000 treestrees/ha (/ha (criticalcritical densitydensity))

TimingTiming:: earlierearlier densitydensity regulationregulation (initial (initial spacingspacing) has a ) has a 
more more significantsignificant impact.impact.

BranchinessBranchiness ((speciesspecies):): more more significantsignificant impact in impact in speciesspecies withwith largerlarger
branches (pine)branches (pine)

GeneralGeneral Conclusions Conclusions 
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Impact on product qualityImpact on product quality
•• In In termsterms ofof lumberlumber strengthstrength//stiffnessstiffness, , sprucespruce (N)>pine (N)>(N)>pine (N)>firfir

(N)>(N)>sprucespruce (P).(P).

•• KnotsKnots are are secondarysecondary (to (to wanewane) to ) to thethe lumberlumber downgradesdowngrades in in 
black black sprucespruce ((smallsmall branches), but branches), but becomebecome more important in more important in 
speciesspecies withwith largerlarger branches (jack pine)branches (jack pine)

•• TheThe realreal concernconcern isis thatthat thethe sprucespruce plantations plantations produceproduce muchmuch
weakerweaker lumberlumber andand consequentlyconsequently a a highhigh percentagepercentage ofof thethe
lumberlumber doesdoes notnot meetmeet thethe design design requirementsrequirements..

GeneralGeneral ConclusionsConclusions

(continued)
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Impact on financial returnImpact on financial return

•• AccelerateAccelerate diameterdiameter growthgrowth, but a , but a moderatemoderate or or strongerstronger
thinningthinning intensityintensity isis requiredrequired to to achieveachieve a a significantsignificant
increaseincrease in in averageaverage treetree diameterdiameter..

•• ThanksThanks to a to a largerlarger treetree diameterdiameter, , thinnedthinned stands have a stands have a 
higherhigher value value recoveryrecovery perper mm33 woodwood, , andand lowerlower logginglogging andand
processingprocessing costscosts. . 

•• ThinnedThinned stands tend to have a stands tend to have a higherhigher financialfinancial return.return.

GeneralGeneral ConclusionsConclusions

S-1043

(continued)



Impact on financial returnImpact on financial return

•• Do Do notnot forgetforget ourour silviculturalsilvicultural objectives:objectives:
–– MaximizeMaximize woodwood volume for volume for pulppulp andand paperpaper
–– ProduceProduce large large piecepiece sizessizes
–– ProduceProduce qualityquality sawlogssawlogs
–– MaximizeMaximize sawsaw timbertimber volume volume andand valuevalue

GeneralGeneral ConclusionsConclusions

S-1043

(suite)

Intensive Intensive 
SilvicultureSilviculture
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