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Introduction

The inventory of a single stand

» For forestry decision making, the most important information from a stand
is the amount and structure of the growing stock
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Introduction

The inventory of a single stand

» For forestry decision making, the most important information from a stand
is the amount and structure of the growing stock

> In this study, these are described by the total basal area, diameter
distribution and height-diameter curve, each of which is expressed by tree
species.

» The main aim of this study was to develop tools for producing a stand
description from ground-measured data

> Because of limited measurement resources for a single stand, the available
information is very limited and the use of measurement information should
be as effective as possible.
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Introduction

We have two kinds of measurements from a stand

Group 1
» Some basic information (stand age, site fertility class ...)

> Basal area and basal area weighted median diameter (DGM) from angle
count plot(s)

Used as predictors in the regression models of stand structure.
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Introduction

We have two kinds of measurements from a stand

Group 1
» Some basic information (stand age, site fertility class ...)

> Basal area and basal area weighted median diameter (DGM) from angle
count plot(s)

Used as predictors in the regression models of stand structure.
Group2

» Sample tree height(s)

> Sample order statistic(s) of the angle count sample plot(s), called quantile
trees.

The use is based on linear prediction.
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Methodology

Linear prediction of random variables

Suppose that a random vector x is partitioned into unobserved and observed
parts, x; and xa.
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where everything except for x; are known.
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Methodology

Linear prediction of random variables

Suppose that a random vector x is partitioned into unobserved and observed
parts, x; and xa.
Suppose that that the first and second order properties of x are

x| n1 Vi Vo
X2 2 ’ Vi2 Vg ’
where everything except for x; are known.
The Best Linear Predictor (BLP) of x; is
X1 = p1+ ViVy ' (x2 — p2)
and the variance of prediction errors is

Val"()a — X1) = V1 — V12V271V112 .
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Methodology

Linear prediction of random variables

Suppose that a random vector x is partitioned into unobserved and observed
parts, x; and xa.
Suppose that that the first and second order properties of x are

x| n1 Vi Vo

X2 2 ’ Vi2 Vg ’
where everything except for x; are known.
The Best Linear Predictor (BLP) of x; is

X1 = p1+ ViVy ' (x2 — p2)
and the variance of prediction errors is
Val"()a — X1) = V1 — V12V271V112 .

Under normality, BLP is the Best Predictor (BP)

In applications, we usually use estimated p's and V's to obtain an Estimated
BLP (EBLP).
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Methodology

Examples of BLP

> In a mixed model, we predict a vector of random effects, x;, using a vector
of observed responses, xa.
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predicted as x1. For example, we can predict volumes of sample trees with
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Methodology

Examples of BLP

> In a mixed model, we predict a vector of random effects, x;, using a vector
of observed responses, xa.

> If we have two models with correlated residuals, and the response for the
first model is measured (x2), the response of the other model can be
predicted as x1. For example, we can predict volumes of sample trees with
known heights.

> In kriging, we predict responses at unobserved locations, x;, using
observed responses, x». Matrices V are obtained from the variogram.

> In co-kriging, x» is augmented with the values of the correlated auxiliary
variable(s) at the points being predicted.
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The diameter distribution
Predicting stand structure The Height-Diameter pattern

Predicting the diameter distribution

> | predict diameter percentiles using models that are estimated from some
data a priori.
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Predicting the diameter distribution

> | predict diameter percentiles using models that are estimated from some
data a priori.

» The quantile tree is interpreted as a measured percentile,
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Predicting stand structure

Predicting the diameter distribution
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| predict diameter percentiles using models that are estimated from some
data a priori.

The quantile tree is interpreted as a measured percentile,

so we can use it (x2) to predict the residuals of our percentile models (x1).
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The diameter distribution
Predicting stand structure The Height-Diameter pattern

Predicting Height-Diameter curve

The fixed part of a mixed model gives the expected height for a tree with a
given diameter. If we have sample tree heights measured, we can predict the
random effects of the model (x1) using sample tree heights (x2)
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Predicting Height-Diameter curve

The fixed part of a mixed model gives the expected height for a tree with a
given diameter. If we have sample tree heights measured, we can predict the
random effects of the model (x1) using sample tree heights (x2)
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The future

In the future, | am going to..

» model simultaneously the H-D relationships of different species, so as to
make it possible to utilize height sample trees of all tree species in a mixed
stand.

Lauri Mehtitalo Predicting the structure of growing stock using limited measurements



The future

In the future, | am going to..

» model simultaneously the H-D relationships of different species, so as to
make it possible to utilize height sample trees of all tree species in a mixed
stand.

» model the development of diameter percentiles in time, so as to make it
possible to utilize quantile tree measurements from different points in time.

Lauri Mehtiatalo Predicting the structure of growing stock using limited measurements



The future

In the future, | am going to..

» model simultaneously the H-D relationships of different species, so as to
make it possible to utilize height sample trees of all tree species in a mixed
stand.

» model the development of diameter percentiles in time, so as to make it
possible to utilize quantile tree measurements from different points in time.

> estimate all cross-model correlations, so as to make it possible to use all
correlations between stand effects.

Lauri Mehtiatalo Predicting the structure of growing stock using limited measurements



The future

In the future, | am going to..

» model simultaneously the H-D relationships of different species, so as to
make it possible to utilize height sample trees of all tree species in a mixed
stand.

» model the development of diameter percentiles in time, so as to make it
possible to utilize quantile tree measurements from different points in time.

> estimate all cross-model correlations, so as to make it possible to use all
correlations between stand effects.

> add a model for the development of basal area, so as to complete the
system as a growth and yield model that can effectively utilize
measurements from various points in time and also can make predictions
into the future
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