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Introduction

Introduction1

All trees are not measured for height in forest inventories-> imputation.
nearest neighbour methods
fixed-effect regression models that predict height using diameter and plot-level
characteristics
mixed-effect models, that can be calibrated using local measurements

The contents of this talk
1 To discuss and illustrate

the plot-specific and marginal H-D relationship and
simple and generalized H-D models
random-effect calibration

2 Explore the fit of 16 nonlinear functions for the H-D relationship in 28 different
datasets of different tree species from different regions.

3 Make suggestions for future NFI’s

1Mehtätalo L, de-Miguel S, and Gregoire, T.G. 2015. Modeling height-diameter curves for prediction.
Canadian Journal of Forest Research, 45(7): 826-837, 10.1139/cjfr-2015-0054
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H-D curves in NFI’s

Marginal vs. plot-specific relationship

A typical H-D dataset
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H-D curves in NFI’s

Marginal vs. plot-specific relationship

A typical H-D dataset
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Marginal vs. plot-specific relationship

A typical H-D dataset
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H-D curves in NFI’s

Marginal vs. plot-specific relationship

Marginal H-D relationship
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Simple fixed−effects model

d, cm

h,
 m

hij = f (dij ;φ) + eij

An easy way to estimate the marginal relationship.

The model is improperly formulated: the model ignores the grouped structure
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Simple mixed−effects model, f+r

d, cm

h,
 m

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

An easy way to estimate the plot-specific relationship.

Still improperly formulated model: the random effects are correlated with mean
diameter of the plot.
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Marginal vs. plot-specific relationship

Plot-specific H-D relationship
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Simple random−effects model, f+r
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h,
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Random effect vs. mean diameter

Mean diameter

b~
i(2

)

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

An easy way to estimate the plot-specific relationship.

Still improperly formulated model: the random effects are correlated with mean
diameter of the plot.
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Marginal vs. plot-specific relationship

Two fixed-effect predictions
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Simple FE and RE model

d, cm

h,
 m

Marginal relationship
(Simple FE model)

fixed part of
simple RE model

hij = f (dij ;β) + eij
hij = f (dij ;φi ) + eij , where φi = β+ bi and bi ∼ N(0,D)
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Simple vs. generalized relationship

A generalized model: fixed part
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Generalized RE model

d, cm

h,
 m

fixed−effect only

hij = f (dij ;φi ) + eij , where φi = Aiβ
′+ bi and bi ∼ N(0,D)

Model properly formulated
A includes plot-specific predictors, most commonly the plot-specific mean
diameter.
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Simple vs. generalized relationship

A generalized model: fixed part
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Generalized RE model

d, cm

h,
 m

fixed−effect only
fixed + random

hij = f (dij ;φi ) + eij , where φi = Aiβ
′+ bi and bi ∼ N(0,D)

Model properly formulated
A includes plot-specific predictors, most commonly the plot-specific mean
diameter.
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Random-effect calibration

Random-effect calibration 2 3 4
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2Mehtätalo, L. 2004. A longitudinal height-diameter model for Norway spruce in Finland. Canadian Journal
of Forest Research 34(1): 131-140.

3Lappi, Juha 1986. Mixed linear models for analyzing and predicting stem form variation of Scots pine.
4Lappi, J. Bailey, R.L. 1988. A height prediction model with random stand and tree parameters: an

alternative to traditional site index methods. Forest Science 34:907-927.
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Which function to use?

The applied functions
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Which function to use?

Ranking of the functions
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Which function to use?

The best functions for plot-specific relationship

Näslund:
hij = BH +

d2
ij

φ
(1)
i +φ

(2)
i d2

ij

+ εij

Curtis:

hij = BH +
φ
(1)
i dij

(1+dij )
φ
(2)
i

+ εij

Schumacher:

hij = BH + φ
(1)
i exp

(
−φ

(2)
i

dij

)
+ εij

where e.g.

φ
(1)
i = β

(1)
1 + β

(1)
2 d̄i + b(1)i

φ
(2)
i = β

(2)
1 + β

(2)
2 d̄i + b(2)i .

Often also

var(εij ) = σ
2 (dij − d̄i

)2δ
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Implications to NFI’s

Implications to NFI’s

Plot-specific model should be used in imputation.

Curtis’ and Näslund’s functions are good default functions.
For estimation the shape of plot-specific H-D relationship, (at least some) NFI
plots should include sufficiently many sample trees.

..or random-effect calibration of an existing model should be used (Lappi and Bailey
1988, Lappi 1997).
Local sample trees quickly override the information of fixed plot-level predictors.

The effect of height imputation errors on final results of NFI seems to be largely
ignored.

Functions for height imputation are available in R-package lmfor, also included
in open Foris Calc (http://www.openforis.org/tools/calc.html)
> library(lmfor)
> data(spati)
> spati$h[1:10]
NA NA NA 17.4 19.3 19.7 NA 18.2 NA NA
> spati$h<-ImputeHeights(spati$d,spati$h,spati$plot)$h
> round(spati$h[1:10],1)
19.8 19.5 19.3 17.4 19.3 19.7 18.3 18.2 18.1 18.1
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Implications to NFI’s
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