
Modelling natural regeneration of beech and oaks
factors influencing the occurrence and density of regeneration
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WISA – permanently forest inventory

grid:

200 m x 200 m

trees ≥ 30 cm

trees ≥ 7 cm

rejuvenation

(count by species,

kind of regenration,

damage, 

hightclass)
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WISA – permanently forest inventory

major tree species in 

target state of forest

Pine

Oak

Beech

Spruce

bogs/streams

41.711 plots

36.211 plots

with regenration

425.388 small

trees counted

94% from

natural regeneration

6.010 plots

with planted trees

(24.040 ha)
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rejuvenation

p
ro

p
o

rt
io

n
o

f
p

lo
ts

w
it

h
re

g
e
n

e
ra

ti
o

n
[%

]

proportion of plots with mature trees [%]

major tree species in target state of forest

pine

rowan, willow, oth. beech oaks maple, ash, elm, oth.

larch, oth.pines spruce other conifers fir

birch, alder, popul.

pioneers

target species of conversion



methods of statistical monitoring

research project with the cair of silviculture at the Technical University Dresden:

Ecological concept following Clark et al. (2007) with 3 grades of limitations
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methods of statistical monitoring

distance to mature

beech stands/trees

site and stand 

condition

fruting intensity

fructivore

soil maps, 

regionalization of soil inventory,

WISA – stand informations

(dimension of trees, density)

standwise inventory

and

remote sensing



methods of statistical monitoring

Quantile regression for distance ~ density relationship with various models tested

𝜂𝑖 = 𝑁
𝑝

𝜋𝑢 (1+𝑥𝑖
2∕𝑢)𝑝+1

, 

(4.4) Clark2DT-Funktion 

𝜂𝑖 = 𝑁
1

2𝜋𝑥𝑖
2 2𝜋𝜎2

𝑒
−

(log  𝑥𝑖−log  𝑎)2

2𝜎2  

(2.2) log-Normal Modell (Stoyan & Wagner 2001) 



methods of statistical monitoring

𝑂𝑎𝑘𝐷𝑒𝑛𝑠𝑖𝑡𝑦𝑖  ~ 𝑍𝐴𝑁𝐵 µ𝑖 , 𝜋𝑖 , 𝑘  

Occurrence (0,1) within an 

Bernoulli-model

𝑙𝑜𝑔𝑖𝑡 𝜋𝑖 =  𝛾0 + 𝑧1𝑖𝛾1+ . . . + 𝑧𝑛𝑖𝛾𝑛+ 𝑣𝑖  

and density within an zero-truncated 

negativ binomial model 
log µ𝑖 =  𝛽0 + 𝑥1𝑖𝛽1+ . . . 𝑥𝑚𝑖𝛽𝑚 + 𝑢𝑖  

𝑢 =  𝑢𝑖 𝑖 =1,…,𝑛  ~ 𝑁(0, ∑𝑢)  

𝑣 = (𝑣𝑖)𝑖 =1,…,𝑛   ~ 𝑁(0, ∑𝑣)  

u  and v  for spatial random effects

via triangular nets of plots

Zero-altered negative binomial models (ZANB) for modelling influencing factors 

between occurrence/density ~ site and stand conditions



potential spread

up to

500-700 m

(2.000 to

5.000 ha-1)

up to

1.500 -

1.000 m

(2.000 to

5.000 ha-1)



limitations

occurence ~

tree dimension, humus thickness,

distance, soil water regime

density ~

browsing, tree dimension,

basal area



limitations

occurence ~ distance, basal area, tree dimension, soil water regime, soil N-content and pH

density ~ distance, tree dimension, basal area, browsing, soil N-content and CEC 



„climate envelop“ for beech and oak (Kölling 2007/Ammer et al. 2008)

(actually we refresh our own maps based on BERN-model)

current and future range filling



What is a probable 

scenario?

april 2021 – 420 ppm 

CO2 in atmosphere –

RCP2.6 exceeded

RCP4.5 with fulfillment of 

climate targets possible, 

but this is unlikely

RCP8.5 catastrophe 

path, unlikely because 

existing societies and 

economies have 

disintegrated

current and future range filling



Figure S 4.2. Spatial prediction for the bioclimatic suitability of beech regeneration (above) and oak regeneration (down) of size class B0 for a part of the study area. The

prediction is based on mean annual temperature and mean annual precipitation for the reference period (2091–2100) for the RCP scenario 2.6, the RCP 4.5 scenario and

the RCP 8.5 scenario.

actually high 

potential

shifts outside 
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current and future range filling

actually low

potential

have to be

supported

by planting
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