
 

1 

01.19 Peatlands (Edition 2015)  
Overview 
Due to their special hydrological conditions, near-natural peatlands fulfil a large number of important 
ecological functions and thus provide remarkable ecosystem services. Especially in the densely 
populated urban space, these soils worthy of protected status are exposed to various use interests 
and are threatened by a loss of their ecosystem services. In the course of climate change, this 
situation will be further exacerbated. 

While the near-natural Berlin peat soils take up only 1 % to 2 % of the Berlin state area, their 
ecosystem services are considerable compared to the mineral soils in the urban city landscape. Within 
the meaning of the Federal Soil Protection Act, near-natural peat soils fulfil the natural soil functions 
in a particularly sustainable manner. This includes in particular their function as a habitat for humans, 
animals, plants and soil organisms as well as their capacity to absorb and store water, nutrients and 
other substances. Thus the Berlin peatlands form nutrient sinks for carbon, phosphor and nitrogen, 
buffer immitted pollutants and thus at the same time protect the groundwater. Due to their capacity to 
store and retain water, peatlands have a compensating effect during flooding. Moreover, in hot and dry 
periods during summer they have a microclimatic cooling effect due to evaporation. Besides the water 
level, near-natural, peat-forming plant communities and also anthropogenic influences determine the 
natural regeneration of the peat soils. Peatlands are unique archives of natural and cultural history, as 
they permanently conserve the pollen, plants and animals as well as settlement traces and cultural 
relics from earlier times. 

Most of the Berlin peatlands were protected as protected areas (nature protection areas and 
landscape protection areas) because of their significance as a biotope and as a habitat for 
endangered species, due to their function for the ecosystem and also as testimonies to the landscape 
history. The peatlands in the Spandau Forest, Grunewald and Köpenick as well as the Tegeler Fließ 
and the Berlin Müggelspree fulfil the criteria of the EU Habitats Directive and are part of the European 
protected area system Natura2000.  

On March 13, 2012, the Berlin Senate adopted the Berlin Biodiversity Strategy. It aims both to 
preserve valuable remainders of pristine and culturally shaped nature in Berlin and to allow for a 
wider, dynamic scope for nature development within all land uses. 

Berlin habitats consist of relics of the original natural landscape such as peatlands and near-natural 
sections of watercourses and of the historical cultural landscape such as meadows and infertile 
grassland. The diversity of habitats brings a great wealth of plant and animal species, but many of 
them are endangered because their habitats are often in bad condition. Efforts to preserve the 
diversity of habitats and species are therefore imperative. Particularly in times of climate change, 
Berlin aims to preserve significant parts of its peatlands as wetlands and thus as a habitat of species 
typical of peatlands and wetlands. 

Due to their high levels of soil organic matter, peatlands represent important carbon storages for the 
global carbon cycle. For this reason, they play an important role in the debate in connection with 
climate change. Even though these ecosystems make up only three percent of the world's land 
surface (Parish et al. 2008), they store approx. one third of the total organic carbon (TOC) (Post et al. 
1982). All of the carbon (C) stored globally in peatlands is estimated to exceed 500 billion tons, which 
is equivalent to more than half of the amount residing in the atmosphere in the form of carbon dioxide 
(CO2) (Houghton 2007, Limpens et al. 2008). The phase of mire formation, and with it the storage of 
C, began in Berlin, as in the rest of Central Europe, mainly with the end of the last Ice Age (Succow & 
Joosten 2001). 

The activity of biota in peat soils is much reduced by high water levels all year round that cause low 
levels of oxygen so that dead parts of plants are not fully decomposed. As a result, they are deposited 
as peat layers, which are sometimes several metres thick (Koppisch 2001a). Compared to mineral 

http://www.bmub.bund.de/fileadmin/bmu-import/files/pdfs/allgemein/application/pdf/soilprotectionact.pdf
http://www.stadtentwicklung.berlin.de/natur_gruen/naturschutz/schutzgebiete/index.shtml
http://www.stadtentwicklung.berlin.de/natur_gruen/naturschutz/natura2000/index.shtml
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soils, these peat soils can generally store vast amounts of C, often greatly in excess of 1,000 t per 
hectare (Möller et al. 2014). Through these high proportions of carbon stored and fixed in peat soils, 
peatlands make a meaningful contribution to climate protection, and thus have had a major role in the 
cooling of the global climate (Frolking et al. 2001, Akumu & McLaughlin 2013). Due to their capacity to 
capture and fix atmospheric CO2 (carbon dioxide), the ‘global cooling effect’ of peatlands accounts for 
approx. 1.5 to 2 °C over the past 10,000 years (Holden 2005). 

Growing peatlands with high water levels still accumulate C up to the present day. However, peatlands 
are increasingly being aerated by drainage and decreasing water levels caused by agricultural land 
use and forestry, groundwater extraction for drinking water, or climate-change-induced reductions in 
rainfall. This leads to an intensification of the activity of soil biota and therefore to peat decomposition 
and mineralisation. Peatlands change from C sinks into C sources, releasing considerable amounts of 
CO2 (Koppisch 2001b). For example, Drösler et al. (2013) specify the current greenhouse gas 
emissions from drained peatlands with 0–34 t CO2 equivalents per hectare and year depending on 
land use, which accounts for a proportion of up to 5 % of the total emissions nationwide. 

The climate protection service is expressed by the total C stored in all of Berlin's peatlands (their 
‘historical’ C pool). The amount of C stored may vary considerably from one peatland to another. 
Based on their natural diversity (hydrology, geomorphology, etc.) during peatland formation, different 
soil horizons were formed, consisting of varying peat thicknesses and varying contents of organic C. 
Thus, peatland or mire types can be categorised according to their formation conditions, for example, 
as percolation mires, which can store up to ten times more carbon than flat peatlands such as a ‘water 
rise mire’ (Zauft et al. 2010). In addition to differences in peat thickness, there are considerable 
differences also in peat qualities (peat-forming plants, degree of decomposition, etc.). This is reflected 
in the substrate-specific C storages and bulk densities of single soil horizons, and likewise is also 
reflected in the amounts of stored C (Rosskopf & Zeitz 2009). 

In the framework of the project “Berlin’s Peatlands and Climate Change” (Berlin Environmental Relief 
Programme II) of the Humboldt University of Berlin, Soil Science and Site Science Division (“research 
project” in the following), in the past years Berlin’s peatlands were for the first time comprehensively 
mapped using a uniform procedure. Subsequently, an indicator and assessment system for different 
ecosystem services of peat soils for urban spaces was developed using the example of Berlin. In this 
context, the use of peat soil data that provide information on the state, functional capacity and biotope 
quality and thus possess a high indicator value is a distinctive feature. The soil-scientific peatland 
mapping now forms the basis of a systematic assessment of the ecological state of Berlin’s peat soils 
and identifies environmental relief potentials and development goals, in particular with respect to their 
climate protection services. 

Statistical Base 
1,300 ha of potential peatland areas in 76 peatlands were investigated in the framework of the re-
search project. For this purpose, 974 terrain points were recorded, with soil-scientific classifications 
being carried out at 792 points by digging and/or drilling. The terrain data were recorded in a soil-
scientific Access database, which was made available by the Brandenburg State Office for Geology 
and Natural Resources (Landesamt für Geologie und Rohstoffe Brandenburg, LBGR). An estimated 
90 % of Berlin’s peatlands were recorded by the mapping. 

In order to quantify the amount of C stored in Berlin's peatlands, it was important to gather detailed in-
formation on each soil profile of every single peatland. To this end, all peatland soils were sampled 
and then systematically classified by substrate and soil types. The data regarding bulk densities and C 
amounts were taken at representative soil horizon profiles in Berlin. For this purpose, more than 500 
peat and gyttja samples were analysed in the laboratory. Parts of the data for bulk density were addi-
tionally complemented with pre-existing, backfile data. 

Methodology 

Soil Types 
Peat soils are in a category of their own in the classification of soils, since for no other soil the original 
material is formed together with the soil itself (Ad-hoc-AG Boden 2005). Thus a categorisation as 
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peatland occurs if the soils consist of peats with more than 30 % by mass of organic substance and a 
thickness of at least 3 dm (including intercalated mineral layers and gyttja).  

The map of the Soil Associations (SenStadtUm, Edition 2013a) with a scale of 1:50,000 does not 
represent the peat soils with sufficient spatial resolution and differentiation, since due to the 
conception and scale of the map peat soils are always combined into soil associations with other soil 
types. Due to the extensive terrain and laboratory records of the research project, Berlin’s peatlands 
can now be assessed better, and targeted adaptation strategies can be derived. A map of the soil 
types for the peatland sites was created at a scale of 1:5,000. In addition to the near-natural and 
drained peat soils, buried sites (e.g. construction waste deposits) and subhydric soils with high carbon 
content (e.g. sapropel) were also taken into account. 

Within the research project, potential peatland areas were selected by intersecting the Geological Map 
of  Prussia 1874 - 1937 (1:25,000, German only) and the Berlin Biotope Type Mapping (SenStadtUm, 
Edition 2012) – wetland biotopes – and were analysed and assessed according to the criteria of the 
German Soil Classification System (KA5, Ad-Hoc-AG Boden 2005). Recording peatland boundary 
points in the terrain and using the Digital Terrain Model (DGM1, Senatsverwaltung für 
Stadtentwicklung und Umwelt) allowed the peatland boundaries to be represented with high spatial 
resolution. The differentiation within the peatland areas is based on the polygons of the Biotope Type 
Mapping, on the assumption that identical biotope types represent similar soil properties of the topsoil 
(peat substrates, drainage depths). The location-related transfer of area-representative terrain profiles 
to the resulting peatland map was carried out using a geographic information system. A plausibility 
check was carried out; a manual correction was required only in few cases. 

Carbon Stocks 
In addition to the map that shows all Berlin peatland areas and their soil types (01.19.1), a further 
result of the research project is illustrated in the Environmental Atlas – the carbon stocks of the 
peatlands (01.19.2).  

For assessing the carbon stocks, a ‘stacking system’ was put together from field and theoretical data, 
which covered 33 of the most prevalent soil horizons found in Berlin's peatlands. The C storage 
quantities (Corg) per 1 ha land and 1 dm thickness were calculated for each of these horizons. 

The stacking system allows the C storage quantities to be transferred to other peat soil horizons and 
soil profiles with similar soil and substrate properties (Figure 1). This allowed the C storage to be 
accurately determined for all of Berlin’s peatlands. 

 

Fig. 1: Principle of the stacking system for the calculation of different C storages to assess climate pro-
tection services 

http://www.stadtentwicklung.berlin.de/umwelt/umweltatlas/eic101.htm
http://fbinter.stadt-berlin.de/fb/index.jsp?loginkey=showMap&mapId=geo_18-19@senstadt
http://fbinter.stadt-berlin.de/fb/index.jsp?loginkey=showMap&mapId=geo_18-19@senstadt
http://www.stadtentwicklung.berlin.de/umwelt/umweltatlas/ei508.htm
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The present stacking system takes the typical features of the urban peatlands in Berlin into account. 
For instance, these have lower bulk densities than intensively used sites in rural areas.  

The total C storage per hectare peatland Corg was determined using the following equation:  

             n 

Corg =   Σ (MHi * Corg Hi)  

            i=1  

MH describes the corresponding horizon thicknesses in dm, while Corg H is for the amount of carbon 
stored per ha and dm thickness for each soil horizon i. 

In calculating the carbon stocks, the C storage values of the abovementioned stacking system were 
converted from t/ha to kg/m² by dividing by 10. 

The amount of humus [kg/m²] was determined using the conversion factors according to Klingenfuß et 
al. (2014). According to soil type, the transition mires are multiplied by a factor of 2, the fens and 
sapropels by a factor of 1.8.  

The classification of the results was based on the soil function assessment for Berlin (Gerstenberg 
2013). However, in order to do justice to the diversity of the peatlands, the highest class of the soil 
function assessment was further subdivided and the categories “very high” and “extremely high” 
additionally defined.  

Ecosystem services and fact sheets 
In the research project “Berlin’s Peatlands and Climate Change”, meaningful indicators for assessing 
selected ecosystem services of the peatlands (climate protection services, habitat services, filtering 
functions, water retention services, cooling services) were developed as a basis for a three-level 
assessment system. The guiding principle or top criterion is the near-natural peatland ecosystem, 
which in regions with near-surface water levels is characterised by either new peat formation or peat 
preservation. The near-natural peatland has a variety of ecosystem services to offer, while peatlands 
that were drained or otherwise heavily affected by human influences cannot provide them, or can only 
do so at a much lower level. Important input information included our own soil data, the Berlin Biotope 
Type Mapping (scale 1:5,000) and peatland water levels (Berlin peatland monitoring), as well as the 
location, integration into the landscape and connectivity to open water bodies. The assessment of the 
ecosystem services is represented in the form of one bar chart per peatland area as part of the 
peatland area’s fact sheet.  

Each fact sheet contains: 

Name of the peatland, 

Short description, 

Protection status, 

Ecological peatland type (primary), 

Ecological peatland type (secondary, current), 

Hydrogenetic peatland type, 

Nature target,  

Peatland area, 

Peatland thickness (centre), 

Soil (sub)types, dominant, 

C storage [Corg] total, vulnerable, labile and vulnerable, 

CO2 storage [CO2 equivalents] total, vulnerable, labile and vulnerable, 

Assessment of the ecosystem services and a 

Map with soil types and sampling locations. 

Fact sheets for the 76 peatlands are available in both maps. The recording points of the fieldwork are 
also shown. 
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Recording points 
The following information becomes visible via the data display of the recording points:  

• Name of the recording point, 

• Soil type according to KA5, 

• Recording date, 

• Profile depth [cm], 

• Number of recorded horizons, 

• Peat thickness (summary of the H horizons) [cm], 

• Peat thickness including overlying gyttja (summary of the H horizons) [cm], 

• Peat thickness including gyttja (summary of the H horizons) [cm], 

• Gyttja thickness [cm], 

• Drainage depth [cm]. 

Moreover, for every recording point the soil-scientific profile record can be displayed. This was 
exported from the soil-scientific Access database. The fact sheets of the peat substrates (Meier-
Uhlherr et al. 2015; 307 MB) can be used to aid in interpreting the abbreviations used. 

Map Description 

Map 01.19.1 Peatland Areas and Soil Types 
Currently Berlin has about 740 ha of peatlands, which are mainly located in the less densely populated 
and developed outskirts. In total, 76 peatland sites were identified. A major part of the sites lies in the 
glacial spillway in the low-lying areas, such as the peatlands in the borough of Köpenick (e.g. Gosen 
Meadows). Further significant peatland areas lie in the Tegeler Fließ valley as well as in the nature 
protection area Lietzengrabenniederung/Bogenseekette, in the Grunewald (e. g. Teufelsfenn) and in 
parts of Spandau (e.g. Großer and Kleiner Rohrpfuhl). The sizes of the peatland areas of the 
individual mapped sites differ significantly. The largest contiguous peatland area in Berlin is formed by 
the Gosen Meadows with an area of more than 200 ha. By contrast, the peatland areas in the area 
“Kleines Fenn” and “Kleines Luch” in Schmöckwitz together only take up an area of about 0.3 ha.  

The peat thicknesses also differ considerably between the individual peatland areas. The lowest 
maximal thickness was mapped at 0.7 m (“Moor am Plumpengraben”). The greatest maximal peat 
thickness of 12.60 m was probed at the centre of the Kleine Pelzlaake. 

About 600 ha of the mapped peatland areas fall under the soil category of “true” peatlands according 
to the German Soil Classification System (AD-HOC-AG BODEN 2005, Table 1). The remainder mainly 
consists of buried peat soils, whose peats used to be exposed at the surface and have been covered 
by anthropogenic deposits. This is often accompanied by incipient mineral soil formation (e.g. gley 
over fen), for instance in the peripheral Erpe Valley. Increased water levels, partly also caused by 
peatland subsidence, often led to a new onset of peat formation, e.g. on the Meiereiwiese/Pfaueninsel. 
A small part of the mapped peatland areas belongs to the class of flooded, subhydric soils with current 
organic gyttja formation over peat. 

Tab. 1: Overview of the mapped peatland areas in Berlin  

soil category examples area [ha] proportion [%] 

peatlands normal fen 608 82 

soils of buried peatlands gley over fen 109 15 

subhydric soils sapropel (gyttja soil) over 
earthy fen 24 3 

http://www.mire-substrates.com/pdf/Steckbriefe%20Moorsubstrate_KOMPLETT.pdf
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Tab. 1: Overview of the mapped peatland areas in Berlin 

From the perspective of soil science, half of the mapped true peat soils consist of so-called “normal 
types”, which exhibit near-surface water levels and are currently not subject to permanent drainage 
(Table 2). Examples of peat soils with currently near-surface water levels are found e.g. in large parts 
of the Tegeler Fließ or on the Schmöckwitzer Werder. 

Tab. 2: Overview of the mapped peat soil types in Berlin  

soil (sub)types area [ha] proportion [%] 

fen (normal types) 270* 44,5 

(strongly) earthy fen 281 46 

transition mire (normal types) 30 5 

earthy transition mire 27 4,5 
* of which 38 ha without relictual degradation 

Tab. 2: Overview of the mapped peat soil types in Berlin 

Many of these peatland areas exhibit relictual earthification in their top soil horizons that indicates 
significantly lower past peatland water levels, e.g. due to increased drainage. 

By contrast, the other half of Berlin’s peatland areas consists of currently drained and degraded 
peatlands that exhibit a recently formed earthification horizon of 1 dm or more at the surface. The 
most degraded and drained peatlands mainly lie in the western Grunewald. Here the local peatland 
water levels often lie more than 1 m below the current peat surface, particularly in the peripheral 
areas, due to the location in the cone of depression of the groundwater extraction for drinking water 
production. 

A first assessment of the ecological state of the peatland and the soil is possible through the peat soil 
(sub)types. In principle, the “normal types” (Tab. 1) correspond to the target state and the drained 
earthy peatlands indicate degeneration and a need for action. The “normal types” offer valuable 
ecosystem services to humans, whereas drained peat soils not only perform fewer services; as 
sources of greenhouse gases (carbon dioxide) or nutrients (e.g. nitrate; sulfate) they even represent 
an environmental load and damage the climate, the groundwater and water bodies. 

The level of soil (sub)types does not suffice for a differentiated assessment of different ecosystem 
services, and further parameters need to be adduced. For example, a fen (normal type) may be 
deeply earthified and eutrophic due to earlier drainage phases. Despite currently exhibiting near-
surface water levels, it has lost ecological value, as rare plant species sensitive to eutrophication have 
been irreversibly displaced. 

Map 01.19.2 Carbon Stocks of the Peatlands 
The stored quantity of C that was calculated for the investigated peat soils amounts to more than 1 
million tons. Hence Berlin’s peatlands withdrew more than 4 million tons of CO2 from the atmosphere 
over the course of the Holocene, thus contributing to global cooling (Holden 2005). The size of the C 
pools and the corresponding amounts of withdrawn CO2 of Berlin’s peat soils vary significantly and 
depend on the one hand on the respective peat area size and thickness, on the other hand on the 
chemico-physical soil properties. It is remarkable that the carbon stocks of the investigated peatlands 
thus account for one fifth of the entire carbon stocks in Berlin’s soils with a share of 0.8 % of the area. 
The carbon stocks of approx. 5 million t C determined for all of Berlin’s soils from the map Organic 
Carbon Stocks 01.06.6 are at least in this order of magnitude but were merely estimated using a 
different, significantly less precise method. 

The largest C pool of over 150,000 t ( ≙ 559,000 t CO2) is stored in the peat soils of the Gosen 
Meadows, due to their large area. However, because of the relatively low peat thicknesses the relative 
storage quantities here are in the lower range of Berlin’s peat soils, with less than 800 t/ha. The most 
area-effective C storage is found in the thick peat soils of the Kleine Pelzlaake. Here a maximal C 
storage quantity of more than 6,000 t/ha was calculated at the centre of the peatland. The average C 
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pool in the Kleine Pelzlaake lies above 3,700 t/ha. There are further important C pools in the peat 
soils, e.g. in the peatlands of the Tegeler Fließ. 

Excursus 
Peat soils are often insufficiently taken into account in existing soil-function assessments due to their 
special position in the systematisation of soils, even though they are highly worthy of protection and 
have a high service capacity. In the research project “Berlin's Peatlands and Climate Change”, existing 
Berlin soil function concepts are supplemented by an ecosystem approach, and significant, readily 
determinable parameters for different ecosystem services are identified and combined into indicators. 
This allows different climate protection services of peat soils to be assessed and represented in a 
differentiated matter, and likewise their habitat, water retention, filtering and cooling services. They are 
thus a valuable addition to the comprehensive soil function assessment that was developed in the 
maps of the soil functions based on the map of the soil associations. Further details can be found in 
the magazine “Bodenschutz” (Klingenfuß et al. 2015) and on the project web site http://www.berliner-
moorboeden.hu-berlin.de/index.php?lang=en. 
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