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lullus-MaximiliAans- |
I worzeore  Forest Dynamics

m Forests are dynamic ecosystems
shaped by anthropogene and
natural drivers

m Changes have effects on the
ecological, economical and
social value of forest ecosystems

m Increased public demands for
forest services as well as climate
change present new challenges
for forest management

[image removed]

[Pretzsch, 2009]
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I worzsore' Natural disturbances

[1image removed]

Increasing forest disturbance damage in Europe [Seidl et al., 2014], Nature
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VERSITAT
I worssore' Research needs

Natural forest development post-disturbed sites in Central Europe is
only insufficiently documented

Questions:
m How do natural forest evolve after natural disturbances?
m How is forest regeneration affected
m Ecological importance of early seral forests

m Effects on forest biodiversity, carbon sequestration, vitality ....

At
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I worzeore Research Area

Bavarian Forest National Park

[ image removed]

[Heurich et al., 2012]
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VERSITAT
I worzsure.  Forest Structure

m Forest structure is 'the physical and temporal distribution of trees in a
forest stand’ (Oliver1996)

m Important factor in the analysis and management of forest ecosystems
m Indicator flir ecosystem functions

m Basis for biodiversity evaluation

[image removed]
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I WorzeORG  Framework

Extraction of the three dimensional for-
est structure using remote sensing

|

Detection of single tree positions

|

Simulation of future tree development

|

Spatio-temporal analysis of cur-
rent and simulated forest structure

LR
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[ image removed]

http://www.ucanr.edu
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Eﬁgﬁ'&; Single Tree Extraction

LiDAR-Processing Extraction of singel tree positions
Raw LIiDAR Data
(ASCli-Format) CIR-Images. CHM
iDAR Processing with LASTools
Extract Sample Areas < Predict NDVI > /Ioﬂl Maxima Hl!lw>
Preprocessing
[ o ] T
Triangulation of """';".';“"”" ol Height-
go".fm L Ground poms rormalization Random Forest Classification
v
Building Canopy
Height Model
|
5 e

Local Vegetation Maxima
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Identification of
Ground Points

Triangulation of
Ground Points
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LiDAR-Point Cloud Canopy Height Model Single Tree Positions
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E‘.{%Eﬁ'{; Modelling Tree attributes

DBH Crown base height

2057 Intercept = 043506 Slope = 0.0023277 P = 9.1828e-12 AGjR2 = 0.9435 Intercept = 1.1143 Siope = 0.0072178 P = 1.33146-60

‘‘‘‘‘‘‘‘‘‘‘

Adj R2 = 0.9435 Intercept = 1.1143 Adj R2 = 0.92957 Intercept = 0.43506
Slope = 0.0072178 P = 1.3314e-60 Slope = 0.0023277 P = 9.1828e-12
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I nceonaT  Forest Growth Simulator: SILVA

[ image removed]
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VERSITAT A\ : :
I wurzsure Objective of spatial analysis

m Arrangement of plants in natural vegetation is usually not random

m Spatial patterns formed by (i) morphological , (ii) environmental and (iii)
phytosociological factors [Dale, 2002].

m Spatial statistics allow the identification and analysis of these spatial
patterns

m Does a spatial pattern exhibit a tendency towards clustering or
regularity?

m Over what spatial scales do patterns exist?

20/41
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m Point Pattern: data set consisting of locations x; of all events of a
particular kind within a given region [Diggle, 2014]

m Point Process: underlying stochastic model
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— Aim: comparing te observed data to the null hypothesis of complete
spatial randomness (CSR)
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I worzeore  Complete spatial randomness

m Complete spatial randomness (CSR) : the points are independently
distributed in space

m CSR assumes that points follow a homogeneous Poisson-process
over the study area

The number of points in any region B follows the Poisson
distribution with mean A v(B) (i.e. the intensity of events will not
vary across the region)

Given ntrees in B, their positions behave as an independent
sample from the uniform distribution in B (i.e. there is no
interaction between events)
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EX%%?;'JGT Aggregation index of Clark and Evans

Clark and Evans index [Clark and Evans, 1954]

m based on the distances of each tree to its
nearest neighbor

m observed distance to the nearest neighbor is
related to the expected mean distance

_ Tobserved 1

E() where E(r) = 2*— @)

R > 1: tendency towards regularity
R < 1 clustered pattern

x|z
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EX%%?;'JGT Diameter differentiation index

OOOOOO
Diameter differentiation index 000000
oTolol@leXol Ny
m Describes the size difference between the tree i Qo0 ° g
and its n nearest neighbor j (j=1,...,n) ©@@O@ oo 0o
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Limitation of nearest neighbor method: Considers only variation in an

area defined by next neighbours

Second-order statistics

m Exploration of spatial patterns at multiple distances
m Information about the tendentious changes in the surrounding structure
m Assumes isotropy over the region

K(r) L(r) 5 90

\
clustering clustering ~ ~ clustering
14 S~
inhibition

random

random o
inhibition random inhibition

Distance (r) Distance () Distance (1)

[Pretzsch, 2009]
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Ripleys K-Function

K(r) = A~ E[number of extra events within distance of a randomly chosen event]

Kest(r) = A~ ZZ w(h, )

i=1j#1

l(d,/ <r) @

Under the assumption of CSR: K(r) = 7 * r?

Basic idea
Construct a circle of radius r around each point
Count the number of other points fallin inside circle

Increment r and repeat computation

m L-function by Besag (1977) is a transformation of the Ripley’s K-function

L(r)=1/ 7(r)forr<0 (5)
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I worzsore'  PairCorellation-Function

PairCorrelation-Function

m Uses rings instead of cumulative circles .

m After each increment trees located within a ring
are counted and weighted more heavily the
closer they are to the mean radius r

m allows to identify the distance at which

PRETZSCH (2009)

deviations from the random distribution occur 2 90
\
S )
dK(r) \\ clustering
ar ~
r)—= —— 6 ~
g(r) onr (6) 1

random

m g(r) = 1: trees are distributed random inhibition

m g(r) < 1: tendency towards regularity Distance (r)

m g(r) > 1: tendency towards clustering

s
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lullus-MaxlmlHAans- ) 5 <
wirzsuRe Basic Statistics

Basic stand statistics

Number of trees Basal Area per Hektar Quadratic Mean Diameter

Number of trees

» a0 £
Simulation Years

Height Variance Diameter Variance

Diameter
 Goefficient of Variance
Coefficient of Variance

E) a0
Simulation Years

1 « 2 a0
Simulation Years Simulation Years
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Site Number of Trees Basa Areal Mean DBH Mean Height Height Variation R TD1

3 1 16,343 16.61 7.77 6.42 4.30 1.52 0.25
2 2 11,611 2.59 3.74 3.03 1.87 1.46 0.26
> 3 10,227 2.46 4.14 3.43 1.92 1.42 0.26
S 4 10,231 242 4.12 3.44 1.67 1.46 0.29
= 5 7,146 2.84 4.32 3.47 2.49 1.40 0.30
@« 1 6,830 67.22 31.69 30.50 5.28 1.50 0.25
E 2 7,327 63.54 29.60 28.25 3.63 1.52 0.31
s 3 6,793 60.31 30.52 28.94 2.81 1.48 0.27
£ 4 7,020 61.63 30.07 28.65 3.17 1.52 0.29
”n 5 6,029 46.27 26.64 26.40 5.39 1.42 0.32

Table: Initial and simulated stand statistics for each test site
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Pair Correlation Function
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Crown Stats

Crown Diameter Variance Crown Height Variance Crown Diameter Mean
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The findings of the study revealed that the post-disturbed sites in the BFNP
m show a high degree of natural regeneration

m exhibited a heterogenous tree arrangement, characterized by a diverse
structure of neighboring patches of juvenile and few old-growth trees

m show regular pattern at very small distances and clustering of tree
patterns up to 5 m in all test sites (2 sites show clumped patterns even
up to 50 m)

m tendency towards regular patterns with increasing distance

m exhibit different succession pathways

- aggregated regeneration patterns indicated a concentration of tree
individuals on favorable microsites

- patterns may arise from the strong linkage between spruce
regeneration and coarse woody debris

October 9, 2015




Julius-Maximilians-
IVERSITAT .
I worzeore  Conclusion

m Results confirmed the usefulness of airborne LiDAR data to investigate
forest structural attributes

m Structure is not only the result of the past disturbance events, but also a
major factor influencing the regeneration process

m Under certain conditions early-seral forest can establish complex
structures normally associated with old-growth forests

m There is no single succession pathway
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