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INTRODUCTION

Understanding productivity of forestland is essential in
sustainable management and preservation of forest
ecosystems (Skovsgaard and Vanclay, 2013; Weiskittel et
al, 2011).
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INTRODUCTION

* Breast Height Site Index (BHASI)

* Many equations developed for differing forest conditions, species, and locations
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INTRODUCTION

The first stem-analysis based site index equations and
growth curves for Rocky Mountain Douglas-fir
(Pseudotsuga menziesii var. glauca) in the Inland
Northwest, USA were developed by Monserud (1984).

% Applicable for even-aged, uneven-aged, and mix-
species stands
% No geospatial stratification
% Sample equally in 5 habitat types

Forest Sci Vol. 30, No, 4, 1984, pp. 943-965
Copyright 1984, by the Socicty of American Forcsten

Height Growth and Site Index Curves for
Inland Douglas-fir Based on Stem
Analysis Data and Forest

Habitat Type

REFRT A MINERLD




INTRODUCTION

One height/age measurement

BHASI SHORTCOMINGS

Disturbance, uneven-aged stands, afforestation, and
conversions

Measurement error

No systematic landscape scale stratification
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INTRODUCTION

Estimating forest productivity across large

landscapes indirectly using environmental

variables.

+ Direct productivity measures

% Geocentric approach

% Balanced sampling across factors influencing
tree growth

% Attention to problem of correlations of

predictors

Problems with multiple interacting predictors

Nonparametric multiplicative regression

» Abandon simplistic assumptions and embrace

interaction
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INTRODUCTION

The Forest Projection and Planning Software (FPS)
->Forest Biometrics Research Institute

FPS used by 82 forestry organizations managing over 4.8
million hectares

Accuracy of FPS 10-meter site index predictions?

FPS modeling strategies and parameters?



RESEARCH ,
Determine if the Monserud regional BHASI model
OBJ ECTIVES | is accurately predicting tree height growth rates

Determine relative
accuracy of FPS predicted
10-Meter Site Index

Explore nonparametric
approaches of modeling
BHASI

Produce and evaluate GIS Explore alternative, non-
maps of BHASI for the parametric modeling
study area parameters and

approaches

Produce and evaluate GIS
maps of 10-Meter Site
Index for the study area
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METHODS:
STUDY AREA
STRATIFICATION

One-acre point grid applied to study area

Balanced orthogonal sample

Sample sites randomly selected from
27 strata

44 sample sites
12 validation sites
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METHODS:
SAMPLING

2-5 dominant or codominant Douglas-fir
selected and felled

Sectioned at stump, breast height, 10, 20, and 30
meters

Ring counts at each section

Total tree height measured

Soil depth verified
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METHODS:
GENERATING FPS 10MSI
PREDICTIONS

S = Input 44 sample location 10-Meter Site Index
i Database Name .
o WL e | e e S e R measurements, sample site MAP, SOIL, and GDAY.

Generate 10-Meter Site Index predictions across
our study area using FPS and the process in Arney
(2017).

Build SiteGrid Parameters

[™ Build 10mSite using Regional Model [ FPS Regional Library ) - .
Use Soil Properties, DEM Growing Season days and Precipitation to estimate e a3
10-meter Site Capacity. SiteGrid point values are updated if SiteGnd.Flag<10.

Input 1-acre point grid populated with MAP, SOIL,
and GDAY.

™ Refresh Growing Season Days computations &

[v Build 10mSite using Local Model [ Non-parametric response surface ) F

Use Soil Properties, DEM Growing Season days and Precipitation [Wetd o WetB) i
to correlate with locally 10-meter Site M . L 1

¥ Weth (Annual) [~ WelB (Seaonal)

@ Build 10mSite, Use SiteGrid felled-ree msmts (SiteGrid Flag = 10) e

FPS uses nonparametric regression with a locally
weighted smoothing parameter to estimate 10-
meter site index for unsampled locations.

€ Build %Shape, Use SitelGrid felled-tree msmts (SiteGrid Flag = 10] I

" Use Admin table observed Site_Ind (only Admin Flag = 10) & ’

™ Update Admin from average of SiteGrid points within polygon [ddmin.Flag > 0)

Refreshes Site_Phy, Elev, Aspect, Slope, GDay, Precip and Depth.
‘Within Stand stockability is estimated from SiteGrid. Site10 = 0.
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METHODS:
EVALUATING OPTIMUM
SMOOTHING SPAN

P o Pk ok s

LOESS model 10MSI = f(MAP+GDAY+SOIL)

LOESS.AS -> generate optimum smoothing span
value (AICC & GCV)

Compare Pearson correlation coefficients of 3FPS,
3AICC, and 3GCV models



METHODS:
CREATING AN ALTERNATIVE
10MSI MODEL

10MSI = f(MAP+GDAY +SOIL+ELEV) Bontemps and
Bouriaud (2014)

LOESS.AS -> generate optimum smoothing span
value (AICC & GCV)

Compare Pearson correlation coefficients of 3FPS,
3AICC, 3GCV, 4AICC, and 4GCV models
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METHODS:

VALIDATING FPS AND
ALTERNATIVE MODEL
PREDICTIONS
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Compare model predicted and observed 10MSI at
each of the 12 validation sites. Models: 3FPS, 3AICC,
3GCV, 4AICC, and 4GCV

Calculated 80% confidence interval for each model
predicted 10MSI

Determined if the observed 10MSI was within the
80% confidence interval of the models’ predicted
10MSI



METHODS:
RASTER MAP PRODUCTION

Applied best model to 1-acre point grid of
unsampled locations -> predict()

Predicted 10-meter site index and standard error
for each grid point

O ANCOA Rlede GrowihRates Metic R —

#hun | 44 Seurce =

itegrid read. dbf (C: Jusers/Malli/Dropbox (BLPI)/H_Hesmingway_ProjectsDropbox/GradSchool/Chapter?/SiteGrid_Pred. dbf”

names (sitegrid)

Grid points with predictions outside the range of
sampled 10-meter site index removed

8 myvars<-c("50i1_D",“klev_D", “wera_0","“Dayd_0%)

my.matrixe matrix(1:5157088.1289272.4
2 colnames(my.matrix)- myvars
3 my.matrixl,i.-sitegridisoil_p
4 my.matrix[,2]<-sitegridiclev. D
my.matrix|,3/< sitegridinetA D
6 my.matrix[,4]- sitegridiDay3_D
7 summary(my.matrix

Point grids converted to raster datasets with a 1-
acre grid size.

spredict 10mST at these location
31 newsitegrid:-predict(SI10_mod91. newdata-my. matrix, se-TRLUE
i names (newsitegrid

5 summary(newsditegridifit)

7 sumsarynews itegridise. fit)
summary(newsitegridiresidual.scale)
summary! newsitegrididf)

¢ sitegriddP_output-readoGR(file.choose(), “SiteGrid Pred



RESULTS

Sample Sites Validation Sites
Model SPAN Predictors r p % within 80% CI
FPS7.54 3- MAP
Predictor Model 1 GDAY 0.60 <0.001 58%
(3FPS) SOIL
3-Predictor MAP
AICC Optimum 0.73 0.79 <0.001 83%
Span (3AICC) GDAY
SOIL
3-Predictor MAP
GCV Optimum 0.60 GDAY 0.89 <0.001 75%
Span (3GCV) SOIL
-Predictor (IE\AISAAPY
AICC Optimum 0.93 0.85 <0.001 100%
SOIL
Span (4AICC) ELEV
4-Predictor ('SVIISAAPY
GCV Optimum 0.74 SOIL 0.94 <0.001 92%

Span (4GCV) ELEV
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SUMMARY

Available regional site index curves and equations are not accurately predicting tree height growth in
our area.

A direct productivity measure: 10-meter site index
FPS prediction accuracy less that expected
+ Revisions to FPS are in the works to allow for smoothing span optimization

Fit and accuracy improved when elevation was added as a predictor and an optimum span
value was chosen.
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