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Abstract 

Key message The soil database covers data about forest site conditions and detailed soil physical 

data of characteristic soil profiles for the National Forest Inventory (NFI) plots in Germany. It can be 

used for modelling forest growth depending on soil as well as calculating water or air capacity of soils. 

Context The NFI is used for policy advice and increasingly for research on climate change, tree 

growth and their interrelationship. Detailed soil data for modelling site dependent tree growth at the 

NFI plots was missing. 

Aims One goal of the Waldklimafonds project “Forest productivity, carbon sequestration, climate 

change” was to create a harmonized database containing forest site conditions, associated soil 

profiles and related physical data at the NFI plots. 

Methods We used legacy soil data from forest site mapping, soil mapping of regional authorities, and 

particularly data from the National Forest Soil Survey. The collected information was harmonized by 

regional site survey experts according to a mandatory manual. 

Results For about 92 % of the NFI plots the current soil database contains detailed soil physical data 

for horizons: depths of horizons, texture, bulk density, skeletal content, base material, stratification, 

and others. 

Conclusion Now a unique database with precise soil data for the NFI plots is available. 

Background 

The German National Forest Inventory (NFI) plays a key role in forest policy in Germany and its federal 

states, and has gained increased importance for scientific research on tree species distribution under 

conditions of climate change (Kölling et al. 2016, Brandl et al. 2014, Albert & Schmidt 2010, Polley et al. 

2010). The NFI covers the entire national territory of Germany on a permanent 4 × 4 km sampling grid 

(basic grid), with some regions (federal states) sampled at higher resolutions (grids condensed to 

2.83 × 2.83 km or even 2 × 2 km). At each grid node, an inventory cluster (German: Trakt) is installed 

and given a unique identifier number (TNR). Each inventory cluster consists of four plots which receive 

a code from 1 to 4 (ENR). The WP-KS-KW selection criteria (German: Waldproduktivität – 

Kohlenstoffspeicherung – Klimawandel; English: ‘Forest Productivity – Carbon Sequestration – Climate 

Change) for the NFI soil database refers to the data of the second NFI published in 2009 (Thünen-

Institut 2009). The selection includes all inventory plots on the 4 × 4 km grid belonging to the forest 

classes of: productive, unproductive, and temporarily unstocked forest land; and the accessibility class 

(details on class definitions of site accessability available in BMELV 2011). These criteria were met by 

26,450 inventory plots of 9,381 inventory clusters. One inventory cluster consists of four plots. In contrast 

to the detailed data on forest composition, forest structure and forest growth at the NFI plots, soil data 

are available only very coarse and heterogeneous. Within the framework of the WP-KS-KW project, the 

‘Soil Profile’ module was focused on the collection and harmonisation of detailed soil profile data at the 

NFI plots from the federal forests site survey. The scale in forest site mapping is 1:10,000 to 1:5,000, 

while general soil maps are available at a resolution of 1:25,000 up to 1:100,000. A site unit is the 

mapping unit in forest site survey, which represents a spatial unit with distinct physical and ecological 

characteristics (AK Standortskartierung 2016). The representative soil profile for the site unit can be 

either a single soil profile from field data, or an artificial soil profile compiled from several field measured 

soil profiles (e.g. legacy soil profiles) which are representative of the specific site unit. This soil profile 

data is a key input for site and soil dependent growth modelling at the NFI plots, which is the ultimate 

goal of the WP-KS-KW project. Data collection and harmonisation was coordinated by an expert group 

of site survey and soil scientists, while regional professionals of the federal forestry administrations 

compiled data from the specific site survey systems. The WP-KS-KW soil profile database (Benning et 

al. 2019) contains site characteristics such as: nutrient status (potential status depending on parent 

material), hydromorphic level, and terrain water status; as well as discrete soil profiles with horizons, 

texture, stone content, bulk density, and calculated available water capacity in different soil layers. 
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Methods 

Overview of Data Collection and Harmonisation 

Forest site surveys in Germany are the responsibility of each individual federal state. As a result, eight 

different site survey systems exist, each with their own classification schemes. Due to their different 

levels of soil information quality, a direct derivation of comparable soil data at the national scale is not 

possible (Petzold et al. 2016). Therefore, an expert group of soil scientists from all participating 

institutions has developed guidelines for the collection of regional soil data. Following these guidelines, 

regional professionals have transformed and compiled regional soil datasets of forest site information 

systems into standardized soil profile datasets. These datasets were subsequently repeatedly checked 

by the module coordinating team and merged into a uniform national database. The next section 

provides the developed guidelines for these data sets, and the following sections present the individual 

methods of each federal state (or region). 

The geographical coordinates of the NFI plots were provided by the ‘Thünen Institute of Forest 

Ecosystems’. To account for small scale soil heterogeneity, the geographical coordinates were buffered 

with a radius of 20 m, which was used to clip the mapped information from the forest site survey or soil 

maps. The mapped site units were then linked with representative soil profiles of the unit. Details about 

the federal basis data are presented in the following sections which cover the individual federal states. 

Each record in the database is comprised of three different levels, which contain the following 

information: 

1. Plot Level (table ‘KOPFDATEN’ in database): accuracy of the geographical coordinates, past 

liming campaigns (number, year of last campaign, amount of lime applied over one or more 

campaigns). 

2. Site Unit Level (table ‘KARTIEREINHEITEN’ in database): number of units at the plot, 

mapped unit, abbreviation of the unit, subtype of the unit, area proportion of the unit, soil type, 

nutrient status, and terrain water status. 

3. Representative Soil Profile Level (table ‘LEITPROFIL’ in database): unique identifier for the 

soil profile, link to the site unit / legend unit, layer number, horizon designation, top and bottom 

boundaries of the horizon, stratigraphy, bedding, geology, soil texture (i.e. sand, silt, clay, fine 

sand, medium sand, coarse sand), stone content, bulk density, an indicator for groundwater 

and/or stagnant moisture conditions, soil organic carbon content, carbonate content, base 

saturation, and C/N-ratio. See also data description in metadata-sheet “technical” of attached 

xlsx-file) 

Each record in the database was given a quality flag for the different parameters, which indicates the 

quality or origin of information (i.e. analysed vs. estimated parameter, derived from maps or digital soil 

mapping approaches …). This indicator was included to ensure reproducibility and to improve the 

interpretation of parameter values. 

Due to the high variability in time, the content of soil organic matter was derived by a nationwide 

standardised approach. The data of soil organic carbon was taken from the results of the National Forest 

Soil Inventory / NFSI2 (Grüneberg et al. 2014) and predicted by methods of digital soil mapping (Wilpert 

et al. 2016).  
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Methods of the Individual Federal States  

Baden-Württemberg 

In Baden-Württemberg, soil profile information was assembled based on data from the forest site survey 

(see in Barnes et al. 1982). A summary is given in table 1. 

Table 1: Summary about processed data for the derivation of soil profile data in Baden-Württemberg 

forest area 1.372 mha (3,231 NFI plots) 

system for soil information (mapped forest area) 
vegetation-oriented, homogenous within 7 
subunits (78 %) 

legacy soil profiles (total/digitized) 7000/1000 

methodology for derivation of soil profile data expert-based 

Bavaria 

In Bavaria, the data sources for the assignation of soil profiles are (1) the digital Bavarian Site 

Information System (BaSIS; Taeger & Kölling 2016) and (2) the second National Forest Soil Inventory 

(NFSI2, BMELV 2006). 

Table 2: Summary about processed data for the derivation of soil profile data in Bavaria 

forest area 2.606 mha (6,110 NFI plots) 

site survey system for soil information 
(mapped forest area) 

soil map at a scale of 1:25,000 (BaSIS) (100 %) 

methodology for derivation of soil 
profile data 

median of measured profiles per soil unit, 421 different soil 
units were processed and related to 5.730 NFI plots; 
directly measured via NFSI2 at 369 NFI plots 

Hesse 

In Hesse there are two regional soil maps available which contain information required for the project: 

(1) at a scale of 1:50,000, covering the whole federal state (HLUG 2006); and (2) at a scale 1:25,000 

covering southern Hesse (about 6% of the federal state; HLUG 2011). Consequently, we utilized the 

two BFD soil maps, which contain representative soil profile information for the different soil mapping 

units (Table 3). 

Table 3: Summary about processed data for the derivation of soil profile data in Hesse 

Lower Saxony 

In Lower Saxony several modelling approaches from digital soil mapping were combined. An overview 

of input data is given in table 4. Site information of unmapped forest areas was predicted within the 

modelling framework from Köhler et al. (2016). Groundwater levels were modelled according to Ahrends 

et al. (2016) using the general soil map of Lower Saxony (1:50,000), terrain attributes of a DEM (10 m 

resolution), geological maps (1:25,000 and 1:50,000), and climate and vegetation maps. Bulk density 

estimation was performed by pedotransfer function (PTF) for forest soils (Steinicke et al. 2016). 

  

forest area 0.894 mha (2,079 NFI plots) 

system for soil information (mapped forest area) 
general soil maps at a scale of 1:50.000 (100 %) 
and 1:25,000 (South of Hesse) 

methodology for derivation of soil profile data 
representative soil profile information per 
mapped soil unit 
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Table 4: Summary about processed data for the derivation of soil profile data in Lower Saxony 

Schleswig-Holstein 

In Schleswig-Holstein, a modelling approach similar to Lower Saxony was used to extract soil profile 

information. Input data and overview is given in table 5. 

Table 5: Summary about processed data for the derivation of soil profile data in Schleswig Holstein 

Hamburg and Bremen 

Soil information for the NFI plots were supplied using the soil profile information from general forest soil 

map 1:1 Mio. in Hamburg and general soil map 1:25,000. Summary is given in table 6. 

Table 6: Summary about processed data for the derivation of soil profile data in Hamburg and Bremen 

North Rhine-Westphalia 

In North Rhine Westphalia the soil data at the NFI plots were extracted from detailed soil maps at a 

scale of 1:5,000 and a general soil map at a scale of 1:50,000.  

Table 7: Summary about processed data for the derivation of soil profile data in North Rhine-Westphalia 

forest area 1.205 mha (2,792 NFI plots) 

system for soil information (mapped forest area) 
forest site maps at a scale of 1:25,000 (50%) 
and general soil maps at a scale of 1:50,000 
(100%)  

legacy soil profiles, digitized and analyzed 6,343 

methodology for derivation of soil profile data 
modelling and digital forest site mapping and 
representative soil profile information per 
mapped soil unit 

forest area 0.173 mha (4,38 NFI plots) 

site survey system for soil information (mapped 
forest area) 

forest site maps at a scale of 1:25,000 (80 %) 
and general soil maps 1:25,000/1:200.000 
(100%) 

legacy soil profiles; digitized 4,759 

methodology for derivation of soil profile data 

median of measured profile information per site 
unit (60 %) and 
representative soil profile information per mapped 
soil unit from general soil map (40 %) 

forest area 0.014 mha (13 NFI plots) 

system for soil information (mapped forest area) 
general soil map at a scale of 1:1 Mio. and 
1:50,000 (100%) 

methodology for derivation of soil profile data 
representative soil profile information per 
mapped soil unit 

forest area 0.910 mha (2,141 NFI plots) 

system for soil information (mapped forest area) 
general soil maps at a scale of 1:5,000 (66%) 
and 1:50,000 (100 %) 

methodology for derivation of soil profile data 
representative soil profile information per 
mapped soil unit 
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Rhineland-Palatinate 

In Rhineland-Palatinate, soil data were gathered from the forest site survey (table 8). This comprised 

the latest digital dataset of the site survey (site survey map, 9,500 soil profiles with georeferencing), with 

the addition of results from digital site predictions made following the methods of Gauer et al. (2016), 

and the results of a simplified site estimation for municipal forest areas (Gauer 2015). 

Table 8: Summary about processed data for the derivation of soil profile data in Rhineland-Palatine 

Saarland 

Only a scarce amount of data was available for the derivation of soil information in Saarland (see table 

9). Given this data scarcity, additional sources had to be utilized, including a 1:100,000 scale soil map, 

a 12.5 m DEM, and a subset of forest soil profiles from the Saarland soil information system (SAARBIS). 

Table 9: Summary about processed data for the derivation of soil profile data in Saarland 

Mecklenburg-Western Pomerania, Saxony, Saxony-Anhalt and Thuringia 

In the federal states Mecklenburg-Western Pomerania, Saxony, Saxony-Anhalt, Thuringia and also 

Brandenburg, there exists a consistent practice of forest site mapping. This is due to the fundamental 

works of Dietrich Kopp in the lowland of north-eastern Germany and Walther Schwanecke in the hilly 

and mountainous region of middle and south-eastern Germany respectively. Since 1963 they formed a 

one-level and supra-regional system of forest site mapping (Eberhardt et al. 1967). The forest site survey 

map at a scale of 1:5,000 to 1:10,000 provides site units with detailed vertical soil information which is 

documented in a catalogue of local soil forms (Schulze 1998, Schwanecke 1994). Besides aggregated 

information there exists a remarkable amount of legacy soil profiles with both original field estimations 

and laboratory measurements respectively, as well as additional explanatory material. The assembly of 

soil profiles was based on the digital forest site survey map and related explanatory volumes, as well as 

legacy and latest soil profiles and soil auger holes. Soil profiles or auger holes within a distance of 500 m 

around the NFI plots were used as representative profiles for the plot if their assigned local soil form 

was identical with the mapped local soil form. Otherwise if the distance was greater and there was more 

than one soil profile for a local soil form available, then they were aggregated by statistical methods 

(Beaudette et al. 2013, Benning et al. 2016), taken from data base (Kopp & Jochheim 2002) or derived 

by expert knowledge of soil professionals. 

  

forest area 0.840 mha (2,024 NFI plots) 

site survey system for soil information (mapped 
forest area) 

three systems of different quality (n.a.) 

legacy soil profiles (total/digitized/analyzed) 9,500/6,300/2,700 

methodology for derivation of soil profile data 
expert-based with legacy soil profiles and terrain 
analysis of DEM 

forest area 0.103 mha (243 NFI plots) 

system for soil information (mapped forest area) 
forest site maps at a scale of 1:10,000 (39 %) 
and general soil map 1:100,000 (100%) 

legacy soil profile information 2357 mainly from Pürckhauer soil sampler 

methodology for derivation of soil profile data 
expert-based derivation of representative soil 
profiles via GIS and Terrain analysis 
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Table 10: Summary about forest area and processed data for the derivation of soil profile data in 
Mecklenburg-Western Pomerania, Saxony, Saxony-Anhalt and Thuringia 

Brandenburg and Berlin 

The soil profile information for the NFI plots in Brandenburg was compiled via a combination of modelling 

approaches. Soil data input was taken from forest site survey (Schulze 1998, Konopatzky 2012, Kopp 

& Jochheim 2002) and national forest soil inventory (see table 11). For the majority of NFI plots a 

modelling framework was applied using the regionalisation approach of Russ (2015), prediction of 

ground water dynamics according to Hannappel and Riek (2011) and pedotransfer functions (Russ 

2015, Adams 1973). Forecast quality was determined through a comprehensive comparison of the 

NFSI2 data pool of Brandenburg, and the output generated by Russ (2015) and Wallor et al. (2016). 

In Berlin, the data was extracted from site survey system for the eastern part and other soil information 

systems for the western part (SenStadtUm 2010). 

Table 11: Summary about processed data for the derivation of soil profile data in Brandenburg and 
Berlin 

Mecklenburg-Western Pommerania 

forest area 0.558 mha (1,127 NFI plots) 

system for soil information (mapped forest area) forest site soil maps at a scale of 1:10,000 (94 %)  

legacy soil profiles (total/digitized/analyzed) 20,000/-/- 

methodology for derivation of soil profile data 
representative soil profile information per 
mapped soil unit 

Saxony 

forest area 0.553 mha (1,164) 

system for soil information (mapped forest area) forest site soil maps at a scale of 1:10,000 (90 %)  

legacy soil profiles (total/digitized/analyzed) 10,000/10,000/1,000 

methodology for derivation of soil profile data statistical modelling of representative soil profile 
information per mapped soil unit 

Saxony-Anhalt 

forest area 0,532 mha (1,190 NFI plots) 

system for soil information (mapped forest area) forest site soil maps at a scale of 1:10,000 (62 %) 
and general soil map at a scale of 1:25,000 
(100 %) 

legacy soil profiles (total/digitized/analyzed) n.a./500/n.a. 

methodology for derivation of soil profile data representative soil profile information per 
mapped soil unit 

Thuringia 

forest area 0,549 mha (1,284 NFI plots) 

system for soil information (mapped forest area) forest site soil maps at a scale of 1:10,000 (90 %)  

legacy soil profiles (total/digitized/analyzed) 7,000/1,800/1800 

methodology for derivation of soil profile data statistical modelling of representative soil profile 
information per mapped soil unit 

forest area 0.1,131 mha (2,435 + 35 NFI plots) 

system for soil information (mapped forest area) 
forest site maps (80%) and general soil map 
1:300,000 (100%) 

soil profiles with detailed analytic results 315 (NFSI2) 

methodology for derivation of soil profile data 

direct information at NFI plots (153), derivation 
via modelling approach (2,300) and  
representative soil profile information per 
mapped soil unit from soil information system (35) 
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Data Access and Metadata Description 

The soil database developed in this project was compiled as a Microsoft Access database (*.mdb) and 

archived at the Open Agrar server. Access to the database is provided via the URL: 

https://www.openagrar.de/receive/openagrar_mods_00049873. The database consists primarily of five 

data tables (as shown in Fig. 1), plus seventeen explanatory tables. The metadata are provided by the 

Microsoft Excel spreadsheet “M1_Data_paper_v1.xlsx” in the supplements. 

 

Fig. 1 Scheme of the relationships between the data tables (visualised as boxes) of the soil database. Main tables 
are indicated by darkblue headers with white titles, whereas explanatory tables(‘x_parameter’) have light 
blue headers. The key parameters for linking the tables are written near the arrow bars. The term ‘Icode’ 

means numerical code and the term ‘Acode’ stands for alphanumerical code. 

Technical Validation 

The individual datasets for each federal state were collected by the module coordinating team, and 

extensively checked for technical and soil science-specific consistency. For this validation, first it was 

determined if each dataset covered all NFI plots of the respective federal state, and if all specified 

parameters were reported. In addition, the plot coordinates used for data derivation were checked for 

accuracy. Extensive plausibility checks were then conducted to verify the value ranges for the following 

parameters: year of last liming, number and total dosage of all liming campaigns, nutrient status, 

geological mapping unit, parent material, sand / silt / clay content, fine sand fractions, stone content, 

bulk density, soil organic carbon content, carbonate content, base saturation, and C/N ratio. 

Further, the soil type classification, the horizon designations, and the depth-wise numeration were 

examined, in order to validate the layering. Texture sums were checked for completeness (100 % ± 0.1 

%), and the upper and lower boundaries of the horizons were checked to prevent horizon gaps and 

overlapping or missing horizons. The congruence between the soil texture class of a record and its 

contents of sand, silt, and clay were also checked. The labelling of stagnant conditions or groundwater 

in a horizon was cross-validated with the horizon designation. Finally, the datasets were examined for 

redundancy, and approximately 20 % of each federal state dataset was validated visually to identify 

potential irregularities in the soil physical parameters or federal state specific values. Particular attention 

was paid to the vertical gradients of stone content and bulk density, which are likely to increase with 

depth (cf. Steinicke et al. 2016).  
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This dataset validation procedure was conducted iteratively together with the regional professionals until 

all requirements were successfully fulfilled. After the validation was complete, the final federal states 

datasets were joined into the nationwide WP-KS-KW soil profile database. To ensure the technical 

operability of this database, each individual soil profile was matched with an individual soil profile 

identification number (LP_ID_BUND), and the relationships between the data tables were verified. 

Reuse Potential and Usage Limitations 

The WP-KS-KW soil profile database was developed to make forest site survey data and detailed 

representative soil profile data together with data on climate (Dietrich et al. 2019) available at the NFI 

plots. Thus, it provides a comprehensive basis for investigations of the impacts and relationships 

between sites, soil conditions, and forest growth; including water budget modelling (Schmidt-Walter et 

al. 2019) and site dependent growth modelling (Brandl et al. 2019). The soil profile data enables the 

calculation of soil physical properties, such as available water capacity (e.g. Dehner et al. 2015), field 

capacity, air capacity, potential cation exchange capacity (e.g. Ad-hoc-AG Boden 2005), surface area 

exposed to chemical weathering (e.g. Phelan et al. 2004), weathering rates (e.g. Posch et al. 2015), or 

cation exchange constants (e.g. Spranger et al. 2004). Additionally, the soil database has enormous 

potential for future harmonization of site classification systems (i.e. estimation of regular nutrient status 

/ terrain water status). 

However, there are also some limitations to the database, which could reduce its usability for some 

applications. In particular, the inclusion of values for nutrient status, soil organic carbon, base saturation, 

and C/N ratio, were not obligatory to the individual federal states, and were not subjected to the same 

level of verification as other database parameters. For example, nutrient status was only estimated in 

terms of the potential status depending on the parent material, and hence it is not a suitable indicator 

for current nutrient conditions, which will be affected both by previous and current element inputs (e.g. 

sulphur, nitrogen). In addition, the primary data used for the derivation of representative soil profiles was 

largely comprised of legacy soil profile data collected since the 1960s, for which there are no timestamps 

available to indicate the date of sampling or laboratory analysis. Given the environmental changes and 

advances in laboratory analysis methods which have occurred since the 1960s, there is relatively high 

uncertainty in the values of soil organic carbon, base saturation, and C/N ratio at different points in time. 

Therefore these values are not suitable for the calculation of soil carbon storage or other conditional 

properties. A more suitable data source for these calculations may be the soil database created by a 

regionalization approach, based on the data of the National Forest Soil Inventory (Wilpert et al. 2016). 
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