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OBJECTIVEOBJECTIVE

To locate To locate optimal management regimes, optimal management regimes, 
defined by a specific target distribution and defined by a specific target distribution and 
cutting cycle, while recognizing fully the cutting cycle, while recognizing fully the 
main stochastic elements of the problem:main stochastic elements of the problem:

oo forest growth, forest growth, 

oo timber prices, timber prices, 

oo interest rates.interest rates.



33

ROADMAPROADMAP

1 Models

2
Bootstrap Simulation

3Response Surface 
Optimization



44

Models Involved in Simulation

oo Stochastic stand growth Stochastic stand growth 

oo Stochastic stumpage price Stochastic stumpage price 

oo Stochastic interest rate Stochastic interest rate 

Note: Welcome to the fluid session at 8:00pm TONIGHT for a demo 
of WestProPlus.
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Stochastic Growth ModelStochastic Growth Model

( ) ( )tttt yRyyGy +=+1

111 +++ −= ttt yye )

1++ tu
1

1: Liang, J, J. Buongiorno, and R.A. Monserud. 2005. Growth and Yield of 
All-aged Douglas-fir/western hemlock Stands: A Matrix Model with Stand 
Diversity Effects. Can. J. For. Res. 35: 2369-2382.
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Stand Growth Model: Submodels-

oo Diameter growth model:Diameter growth model:

oo Mortality model:Mortality model:

oo Recruitment model:Recruitment model:
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Post Sample ValidationPost Sample Validation
Douglas-fir
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Stochastic Stumpage Price ModelStochastic Stumpage Price Model
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Stochastic Interest Rate Model

Interest rate model:
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BOOTSTRAPBOOTSTRAP

oo A strap that is A strap that is 
looped and sewn to looped and sewn to 
the top of a boot for the top of a boot for 
pulling it on pulling it on 

oo To help oneself, To help oneself, 
often through often through 
improvised means improvised means 
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BootstrappingBootstrapping

oo B. B. EfronEfron (1979). Bootstrap methods: (1979). Bootstrap methods: 
another look at the Jackknife. another look at the Jackknife. The The AnalsAnals of of 
StatisticsStatistics 7(1):17(1):1--26.26.

oo In stochastic simulation, Bootstrap picks In stochastic simulation, Bootstrap picks 
the random shock from the observed the random shock from the observed 
errors randomly, with replacement.errors randomly, with replacement.

oo Bootstrap is a superior nonparametric Bootstrap is a superior nonparametric 
method where the sample distributions are method where the sample distributions are 
not normal.not normal.
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Measures of Performance
oo The land expectation value (LEV)The land expectation value (LEV)

oo Annual productionAnnual production
oo Percentage of peeler logs in stockPercentage of peeler logs in stock
oo Stand basal areaStand basal area
oo Species diversitySpecies diversity
oo Size diversitySize diversity
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Measures of Tree Diversity: Shannon’s Index

oo Species diversity:Species diversity:

oo Size diversity:Size diversity:
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Simulation ParametersSimulation Parameters--

oo Simulation length: 50 yearsSimulation length: 50 years
oo Cutting cycle: 10, 15, 20, 25, 30 yearsCutting cycle: 10, 15, 20, 25, 30 years

oo Target Stand Distribution defined by Target Stand Distribution defined by BDqBDq::
BBasal area: 60, 120, 180, 240, 300 ftasal area: 60, 120, 180, 240, 300 ft22/ac/ac
DDiameter limit: 40 in iameter limit: 40 in 
qq--ratio: 1.0, 1.2, 1.4, 1.6, 1.8ratio: 1.0, 1.2, 1.4, 1.6, 1.8
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Target Stand Distribution defined by Target Stand Distribution defined by BDqBDq
q=1.8q=1.4q=1.0
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Simulation ParametersSimulation Parameters--contcont’’dd

Initial stand distribution:Initial stand distribution:
500 replications were randomly selected, 500 replications were randomly selected, 
with replacement, from the 2,706 with replacement, from the 2,706 
permanent Douglaspermanent Douglas--fir/western hemlock fir/western hemlock 
plots in the Pacific Northwest used to plots in the Pacific Northwest used to 
calibrate the growth model calibrate the growth model 11..

1: Liang, J, J. Buongiorno, and R.A. Monserud. 2005. Growth and Yield of All-
aged Douglas-fir/western hemlock Stands: A Matrix Model with Stand 
Diversity Effects. Can. J. For. Res. 35: 2369-2382.
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2,706 FIA permanent plots, IDB (V1.4)2,706 FIA permanent plots, IDB (V1.4)
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Predicted LEV by basal area, 
q-ratio, and cutting cycle.
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Effects of control variables on the expected value Effects of control variables on the expected value 
of the management criteriaof the management criteria--
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Maximum expected value of Maximum expected value of 
management criteriamanagement criteria

1.7513028.3Stand basal area (m2ha-1)

1.2141046.7Percentage of peeler logs

1.214102.74Size diversity

1.214101.27Species diversity

1.851109.00Annual Production (m3ha-1y-1)

1.851108.20Land expectation value 
(1000$ha-1)

Target
q ratio

Basal area 
(m2ha-1) 

Cutting cycle 
(year)

Control variableMaximumManagement criterion
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Effects of control variables on the expected value of 
management criteria, with other control variables being held 

constant at their mean
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Relationship between different criteria 
observed in all the simulations
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SummarySummary

oo Within the Within the BDqBDq regimes investigated here, regimes investigated here, 
the the qq ratio had generally more influence on ratio had generally more influence on 
the management criteria than the residual the management criteria than the residual 
basal area or the cutting cycle.basal area or the cutting cycle.

oo Adjusting Adjusting BB,, qq, and , and CC could control for could control for 
more than 97% of the variability in species more than 97% of the variability in species 
and size diversity, percentage of peeler and size diversity, percentage of peeler 
logs, and basal area, but could control for logs, and basal area, but could control for 
less in LEV and annual production.less in LEV and annual production.
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SummarySummary--contcont’’dd

oo Strong positive correlation between LEV Strong positive correlation between LEV 
and annual production, and between wood and annual production, and between wood 
quality and size diversityquality and size diversity

oo Strong negative correlation between Strong negative correlation between 
annual production and size diversity, and annual production and size diversity, and 
between annual production and wood between annual production and wood 
quality.quality.
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Prospective StudiesProspective Studies

oo Forest fires and diseases, for example: Forest fires and diseases, for example: 
–– Fire Threaten Indices of different  Fire Threaten Indices of different  
management regimesmanagement regimes
–– Optimal management regimes,                     Optimal management regimes,                      
under the risks of fire and disease.under the risks of fire and disease.

oo New Models estimated with Bootstrap New Models estimated with Bootstrap 
methodmethod
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