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Introduction

Height-Diameter (H-D) relationship is one of the first models one
need to fit in forest inventories.
The aims of this study were

To emphasize the differences between
marginal (population-averaged of one kind) and plot-specific H-D
relationship and
simple and generalized relationship

Explore the fit of 16 nonlinear functions for the H-D relationship
in 28 different datasets of different tree species from different
regions.
Develop generalized models for four example datasets for
demonstration purposes
Produce easy-to-use R functions with sensible defaults for height
imputation
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A typical H-D dataset
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Marginal H-D relationship
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hij = f (dij;β )+ eij

An easy way to estimate the marginal relationship.
The model is improperly formulated: the model ignores the
grouped structure

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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hij = f (dij;β )+ eij

An easy way to estimate the marginal relationship.
The model is improperly formulated: the model ignores the
grouped structure

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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hij = f (dij;β )+ eij

An easy way to estimate the marginal relationship.
The model is improperly formulated: the model ignores the
grouped structure

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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Simple random−effects model

d, cm

h,
 m

hij = f (dij;βi)+ eij, where βi = B+bi and bi ∼ N(0,D)

An easy way to estimate the plot-specific relationship.
Still improperly formulated model: the random effect mean
depends on the mean diameter of the plot.

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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Simple random−effects model

d, cm

h,
 m

hij = f (dij;βi)+ eij, where βi = B+bi and bi ∼ N(0,D)

An easy way to estimate the plot-specific relationship.
Still improperly formulated model: the random effect mean
depends on the mean diameter of the plot.

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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Simple random−effects model

d, cm

h,
 m

hij = f (dij;βi)+ eij, where βi = B+bi and bi ∼ N(0,D)

An easy way to estimate the plot-specific relationship.
Still improperly formulated model: the random effect mean
depends on the mean diameter of the plot.

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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fixed part

hij = f (dij;βi)+ eij, where βi = B+bi and bi ∼ N(0,D)

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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Two fixed-effect predictions
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Marginal relationship

(Simple FE model)
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fixed part of improperly

formulated RE model

hij = f (dij;β )+ eij

hij = f (dij;βi)+ eij, where βi = B+bi and bi ∼ N(0,D)

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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A generalized model: fixed part
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Generalized RE model

d, cm

h,
 m

hij = f (dij;βi)+ eij, where βi = β ′xi +bi and bi ∼ N(0,D)

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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Generalized RE model

d, cm

h,
 m

hij = f (dij;βi)+ eij, where βi = β ′xi +bi and bi ∼ N(0,D)

Model properly formulated
Could provide also marginal relationship (not shown).

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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Generalized RE model

d, cm

h,
 m

hij = f (dij;βi)+ eij, where βi = β ′xi +bi and bi ∼ N(0,D)

Model properly formulated
Could provide also marginal relationship (not shown).

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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A generalized model: fixed + random part
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Generalized RE model

d, cm

h,
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hij = f (dij;βi)+ eij, where βi = β ′xi +bi and bi ∼ N(0,D)

Model properly formulated
Could provide also marginal relationship (not shown).
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The applied functions
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Material
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Ranking of the functions
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The best-fitting functions for plot-specific relationship
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Best generalized model for four datasets

Scots Pine A/ Logistic:

Loblolly pine/ Näslund:

Teak / Curtis:

Centrolobium / Schumacher:

Some data sets had constant residual variance, others had
increasing or decreasing as a function of fitted value.

Lauri Mehtätalo, University of Eastern Finland

Modelling Height-Diameter Curves For Prediction
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Discussion and conclusions

Differences between two and three-parameter models were slight
in most cases. Two parameters was usually enough.

Curtis’ and Näslunds functions were most commonly the best
functions for plot-specific H-D relationship

The generalized models were very different in different datasets
with respect to functional form, random effects and variance
function.

Functions for height imputation are available in R-package
lmfor.
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