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Introduction

 Individual tree crown projection area Is an
Important part of many forest models, e.qg.
estimation of tree biomass, species composition,
canopy or natural regeneration (estimation of seed
production).

* Models made in this project will be used especially
for estimation of species composition in CZNFI on
the levels of the whole state and selected

administrative regions.



Data

« Data were collected on 7 772 inventory plots of
CZNFI2 network (second period of inventory 2011
— 2015)

« Totally 32 650 trees
— 22 873 with DBH above 7 cm
— 9 777 with DBH below 7 cm

« 8 main species — Norway spruce, beech, Scots
pine, European larch, pedunculate oak, sessile
oak, black alder, silver birch



pname
2011 1_15_35_21
2811 1_15_36_21
2811 1_16_36_21
2811_1_16_36_21
2011 1_15_35_21
2811_1_15_57_18
2811 1_15_57_18
2011_1_16_57_18
2011 1_15_57_18
2011 1_15_57_18
2811 1_15_57_18
2811 1_15_57_18
2811_1_16_71_29
2011 1_15_73_17
2811_1_16_79_17
2811 1_15_83_24
2011 1_2 188_17
2011 1_2 188 17
2011 1_2 188 17
281112 188 19

Results — DB

 Data structure

segment_id stem_id dbh_mm  height_m
2011 1 16_36 21 12472 1 321 29.24
2811 1 16 36 21 12472 7 385 29,25
2811_1_16_36_21 12472 & 368 29,54
2811 1 16_36 21 12472 11 335 38.84
2811 1 16_36 21 12472 12 298 29.85
2811 1 16_57_18_16338 4 228 26.75
2811_1_16_57 1% 16338 & 226 27.47
2911_1 16 57 18 16338 13 134 28.54
2811 1 16 57 18 16338 14 138 17.93
2811 1 1657 18 16338 15 339 28.29
2811 1 16 57 18 16338 26 274 26.94
2811_1_16_57 1% 16338 28 39 16.89
2811 1 16_71 2% 12367 5 288 14,11
2811 1 16_79 17 15934 1 427 29,42
2811 1 16_79_17 15934 14 498 33.19
2811_1_16_83_24 12152 11 284 18.87
2911 1 2_18@ 17_11786 & 5@9 32.94
2811_1 2 182 17 11786 19 598 34.16
2811 1 2 182 17 11786 28 544 33.39
2811 1 2 182 19 11798 1 375 28,95
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Results — DBH > 7 cm over bark

 Example of Norway spruce
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Results — DB
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| > 7 cm over bark

Example of Norway spruce - nonlinear model -
Y=a+b*X° - only fixed effect DBH

 AIC =89 846.8
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Results — DBH > 7 cm over bark

« Example of Norway  AIC =81 023.3
spruce - nonlinear model « Problem with fixed
Y=a+b*X¢ - mixed effects effects parameters -

model high correlation (-0.999)
* Fixed effects - DBH,
IUFRO height categories

 Random effects -
segment of inventory plot
- parameters a, Cc
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Results — DBH > 7 cm over bark

« Example of Norway spruce - 2" order
polynomial model - only fixed effect DBH

 AIC =89 835.2
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Results — DBH > 7 cm over bark

« Example of Norway spruce - 2" order polynomial
mixed effects model

« Fixed effects - centred DBH, IUFRO height
categories

« Random effects - segment of invetory plot -
Intercept only

* AIC =80 986.9
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Results — DBH > 7 cm over bark

All species

« 2" order polynomial mixed effects model
* Fixed effects
— centred DBH

— IUFRO height categories (only spruce, beech and
pedunculate oak)

 Random effects
— level - segment of inventory plot - different parameters

* Problem of heteroscedasticity - weight function -
power function of IUFRO height categories
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plot_id
1009
1125
1125
1243
1789
1789

Results — DB

| < 7 cm over bark

Data structure (DBH < 7 cm over bark)

tree_id
C-13
A-3
A-4
A-1
A-13
B-2

height_m
0.17
2.75
475
1.75
161
1.08

age

cp_area_ma2

4 2.12057V5e-02

53 | 3.123921e+00

53 | 1.566869e+00

12 1.580614e+00

& V481283e-01
& 3.369358e-01
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Results — DBH < 7 cm over bark

« Example of Norway spruce
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Results — DBH < 7 cm over bark

« Example of Norway spruce - simple non-linear
function a*xP
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Results — DB

| < 7 cm over bark

« Example of Norway spruce - simple non-linear

function a*ex™®
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Results — DB

| < 7 cm over bark

« Example of Norway spruce - Michailoff function -
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Results — DBH < 7 cm over bark

« Example of Norway spruce — Michailoff function —
mixed model

+ Fixed effect — height of a tree
« Random effect — inventory plot, both parameters
 AIC =6 862



Results —= DBH < 7 cm over bark
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Results — DBH < 7 cm over bark

« Example of Norway spruce — Michailoff function
with offset a*eP**s — mixed model

« Fixed effect — height of a tree, damage of a tree
(parameter a), offset

« Random effect — inventory plot, parameter b
- Weight function - power function of tree height
« AIC=1747



Results —= DBH < 7 cm over bark
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Results — DBH < 7 cm over bark

All species
* Nonlinear Michailoff function with offset

* Fixed effects
— tree height

— damage of the tree (significant only for spruce, beech, birch,
pine and pedunculate oak models)

— the type of regeneration (natural or artificial - significant only
for larch model)

 Random effect
— Inventory plot

« Power weight function - coping with heteroscedasticity
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Models in progress

 Model of DBH from stump diameter
— volume estimation of harvest trees

* Model of height-diameter relationship
— progress between CZNFI 1 and CZNFI 2

« Diameter increment model
— problem with increment of harvest trees



Thank you for your attention!



