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the penultimate (Weichselian-) glacial periods. The climate in the study region is cool-
temperate, with a climate continentality gradient from west to east that manifests in lower
mean annual precipitation (MAP, range: 555–908 mm), slightly higher summer
temperatures (range: 16.6–18.0°C) but lower winter temperatures (range: 0.5–2.9°C) in the
east. Mean annual temperature (MAT) ranges from 8.6–10.3°C (multi-annual means 1981–
2010, DWD CDC 2019).

Figure 1.1 Map of Germany with the 16 study sites in the northern German lowlands.

1.3.2 Natural and current vegetation
The landscape of Central Europe and Germany used to be almost completely covered

with temperate broadleaf forests, dominated in large areas by European beech (Fagus
sylvatica L., BfN 2010, Leuschner & Ellenberg 2017, Poschlod 2017). Since the beginning
of settlement in Neolithic times, humans have shaped the landscapes of Central Europe.
Forests had to give way for settlements and arable fields, and with increasing population
sizes, forest cover progressively declined until a minimum was reached during the Middle
ages and in the early modern era at around 1800 A.D. (Bork 2001, Poschlod 2017). The
forests were used as pastures, provided fuelwood, wood for construction or energy for early
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2.2 Methods
2.2.1 Study region

The study was conducted at 16 study sites in the northern German Pleistocene lowlands
(North German Plain), extending from the North Sea and Baltic Sea coasts in the north to
the border of the central German low mountain ranges in the south and covering a
continentality and precipitation gradient from the Dutch border in the west to the Polish
border in the east (Fig. 2.1). The North German Plain was mainly formed by glacial processes
during the Pleistocene, in which moraine landscapes with mostly flat or undulating reliefs
were shaped (Böse et al. 2018). The study sites are located on moderately dry to fresh sandy
soils with low to medium fertility, which mainly originate from moraine deposits of the last
(Weichselian) or penultimate (Saalian) glacials. The climate of the North German Plain is
cool-temperate; the gradient from a sub-oceanic climate in the west to a sub-continental
climate in the east manifests in slightly higher summer temperatures but lower winter
temperatures and lower precipitation at the Polish border. Mean annual temperature at the
study sites ranges from 8.6 to 10.3 °C and mean annual precipitation from 555 to 908 mm
yearī1 (means of 1981 – 2010, DWD CDC 2019). A list of the study sites with stand
characteristics and climatic conditions is given in supplemental Table A2.1.

Figure 2.1. Map of the North German Plain with the 16 study sites.
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Table 2.3. Estimated values of the scaled and centered covariates of the final model to explain aboveground
biomass C pools; given are the standard error, degrees of freedom, and t- and p-values.

Value Standard error df t-value p-value

Intercept 142.05523 8.213522 28 17.295288 < 0.001

Main tree species: Pine ī58.43927 10.281453 28 ī5.68395 < 0.001

Main tree species: Oak ī16.58132 17.164018 28 ī0.966051 0.342

Time since last timber extraction 12.97134 6.220711 28 2.085185 0.046

Main tree species’ share of basal area ī14.71903 2.297965 28 ī6.405244 < 0.001

Figure 2.2. Carbon stocks in the aboveground biomass in dependence on the variables main tree species (a),
time since last timber extraction (b), stand age (c), mean annual temperature (d) and mean annual precipitation
(e).

2.3.3 Aboveground net primary productivity
In the years 2015 and 2016, litter production was higher in forests with natural

development than in young pine forests (Fig. 2.3). The mean difference between the two
groups was larger in 2016 (1.36 Mg C haī1 yearī1) than in 2015 (0.55 Mg C haī1 yearī1), due
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