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SUMMARY
Following the recent international agreements on climate action, there is an urgent need to reduce agricultural
greenhouse gas (GHG) emissions. Wet cultivation of peatlands (paludiculture) can combine low GHG
emissions with productive use of the land, but methods for identifying suitable areas at regional and local
scales are lacking. In this study we present a spatial assessment tool for two paludiculture species, namely
Phragmites australis and Typha latifolia. This tool is built in a Geographic Information System (GIS) and is
designed to perform a quantitative and qualitative analysis of the cultivation potential of land that is currently
used for agriculture or peat extraction, within a defined geographical area. It uses a graded assessment process
with a plot based analysis. A case study application shows that the tool can deliver first estimates of the
potential cultivation area, but further research is needed to enhance its flexibility and scope of application. In
its present form it may be used as a decision support instrument for specific sites.
KEY WORDS: assessment tool, climate protection, decision support, GIS, peatland, spatial planning
_______________________________________________________________________________________
INTRODUCTION
The increasing concentration of greenhouse gases
(GHGs) in the atmosphere leads to intensification of
the greenhouse effect (Stahl & Berner 2000).
Although peatlands cover only 3 % of the earth’s
surface, they store approximately 500 gigatons of
carbon (Joosten et al. 2013), which is more than twice
the amount of carbon stored in all forests worldwide
(Schröder et al. 2013). Thus, peatlands are important
carbon reservoirs that balance the atmospheric
carbon concentration. The absorption of atmospheric
carbon by peatland vegetation and its subsequent
storage in peat requires permanently wet conditions
(Joosten et al. 2013). The drainage of natural
peatlands (mires) for agriculture rescinds their
function as carbon sinks and transforms them into
carbon sources (Höper & Blankenburg 2000, Joosten
et al. 2013). Intensive agricultural management and
the input of fertilisers additionally provoke the
emission of nitrous oxide (Joosten et al. 2013) with a
climate effect 265 times stronger than carbon dioxide
(Myhre et al. 2013).
Since the beginning of the industrial era Germany
has lost about 99 % of its intact mires due to human
activities (Couwenberg & Joosten 2001). Drainage
for agriculture and forestry has led to the destruction
of 67 % of this country’s bogs and 95 % of its fens
(Höper & Blankenburg 2000). Drösler et al. (2013)
note that drained peatlands are now the second largest
national source of GHGs after the energy sector. The

largest share of greenhouse gas emissions from land
under agricultural use in Germany comes from
drained peatlands, and amounts to almost one-third
of all agricultural greenhouse gas emissions
(Hirschfeld et al. 2008). Consequently, the reduction
of greenhouse gas emissions that could be achieved
by rewetting drained peatlands which are currently
used for agriculture could contribute significantly to
climate protection.
Peatland restoration programmes have generally
focused on rewetting drained bogs and fens for nature
conservation purposes (Höper & Blankenburg 2000)
and have thus imposed a requirement for agricultural
use of the land to be terminated (Wichtmann &
Wichmann 2011). Paludiculture, defined as “the
agricultural use of wet and rewetted peatlands”
(Giannini et al. 2017), can contribute to the
mitigation of agricultural GHG emissions but still
allow the production of renewable raw materials
(Kowatsch 2007, Wichtmann & Wichmann 2011,
Schröder et al. 2013) and thus offer an economically
viable alternative for farmers (Gaudig et al. 2014b).
The cultivation of wetland biomass requires both
special equipment (technical demands) and sites with
suitable characteristics (Schröder et al. 2016,
Wichmann 2016, Wichmann et al. 2016). All aspects
of the practice of paludiculture have been
considerably developed over recent years (cf.
Wichtmann & Wichmann 2011, Wichtmann &
Haberl 2012, Gaudig et al. 2014a). Several studies
have estimated the cultivation potential of pilot
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regions (Wichmann & Wichtmann 2009, Joosten et
al. 2014) or undertaken spatial assessments at coarse
scale without considering site-specific characteristics
(Kowatsch et al. 2008). However, universal spatial
approaches that can identify cultivation potential at
both local and regional levels are still lacking
(Oehmke et al. 2014). Therefore, the aim of the
present research is to develop a simple and practical
planning tool that enables the assessment of regional
and local potential for paludiculture with reasonable
effort (cf. von Haaren 2004a). The focus of the study
presented here was to identify opportunities for GHG
mitigation potential through paludiculture on land
that is already used for agricultural purposes. We
describe development of the tool and a test
implementation for two study areas.

METHODS
Development of the assessment tool
The requirements and restrictions for paludiculture
provide the first determinant for the scope of the tool.
In its development, Phragmites australis and Typha
latifolia were selected as example species. Both are
reeds with similar morphology, habitat needs and
biomass yields (cf. Rodewald-Rudescu 1974,
Dierßen & Dierßen 2001, Oehmke & Abel 2016).
Thus, the first step in tool development was a
literature review to ascertain the habitat requirements
and restrictions of these species. For the purposes of
this study, the spatial scope of potential paludiculture
sites was limited to agricultural land including former
peat extraction areas that are now under agricultural
use.
In the assessment, four aspects were addressed:
1. Legal framework. Cultivation is restricted by the
legal framework of environmental and nature
protection legislation (Haberl et al. 2016).
2. Habitat requirements can be equated to the abiotic
environment needed for the permanent
establishment of a species; they constitute the basis
for establishment of a stable population (Nentwig
et al. 2004).
3. Economic success (high yields and available
markets) can be regarded as the driving force for a
targeted cultivation of reeds which demands site
conditions other than natural succession
(Wichmann 2016). Thus, the technical demands of
potential cultivation areas should also be taken into
account (Wichmann & Wichtmann 2009).
4. GHG mitigation. The above requirements were
complemented by an analysis of GHG mitigation
potential.

The structure of the assessment tool builds on these
four aspects and deals with them thematically in four
successive “assessment categories” (Figure 1). As the
objective is to develop a simple and practical tool, it
should employ a standardised valuation approach that
integrates quantitative and qualitative aspects.
Criteria should be operationalised through one or
more indicators, and corresponding measurable
variables should be used to extract spatial
information. This approach follows established
valuation techniques in landscape planning as
described by von Haaren (2004b).
Test application of the tool
The tool was tested on two sites. The data analysis
was implemented within a Geographic Information
System (GIS) environment (ArcGIS 10.4.1, ESRI)
which enabled the mapping of spatial information.
Different sets of vector data, raster data, Web Map
Service (WMS) and non-spatial data (Table 1) were
collected in the GIS database and information on
measurable variables for each agricultural field was
extracted from (attribute) tables and raster attributes.
Each field then received a rating corresponding to the
site conditions identified. The base map for
presentation of the results was a vector file
representing all fields in the study area. The creation
of new attribute tables allowed field-wise reporting
of the assessment results, which were presented as
maps (in colour) and text descriptions.

RESULTS
The assessment tool
The information required to run the tool consists of
spatial data on current agricultural land use, protected
areas, soil types and grain sizes, hydrological mire
types and peat depth, depth of the water table in
winter and summer, the climatic water balance, water
discharge, relief and infrastructure.
The assessment tool provides a set of instructions
(in German) including: (1) application rules needed
for correct functionality of the tool; (2) a set of
criteria with corresponding valuation tables; and
(3) matrices for the aggregation of partial results. The
‘criteria’ section incorporates: (A) the geographical
scope and type of paludiculture; (B) the three
valuation categories for identification of potential
Phragmites australis and Typha latifolia cultivation
areas, based on six criteria and fifteen corresponding
indicators; and (C) one valuation category with one
criterion and three related indicators for the
estimation of GHG mitigation potential (Figure 1).
The valuation tables needed to rank present site
conditions may differ between the two example
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Figure 1. Structure of the tool. The analytic process follows the sequence from Category 1 to Category 3
and deals with indicators within each category in the order presented here. Indicators and criteria shaded in
orange have ordinal scales; those shaded in purple have nominal scales. A significant reduction of effort
required for analysis is achieved by eliminating ‘unsuitable’ area after every assessment step.
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species because of their partly different habitat
requirements.
The study area is analysed step by step, in order
of the four valuation categories and their indicators.
An important feature of the tool is the stepwise
reduction of ‘suitable’ area by elimination of
‘unsuitable’ areas after valuation for each criterion.
Only areas that remain after the Category 3 valuation
receive an aggregated rating for cultivation potential.
Consequently, the assessment of GHG mitigation
potential is applied only to areas with cultivation
potential for at least one of the example species.
The valuation is operated through a standardised
assessment with defined criteria and the use of a fixed
range of values. The tool incorporates a quantitative

and a qualitative part. We define the quantitative
cultivation potential as “hectares of potential
cultivation area”. The size of the potential cultivation
area determines the potential harvested yield. The
qualitative cultivation potential describes the
suitability of a site for cultivation of the target
species. Quality is rated on a four-level ordinal scale
(cf. von Haaren 2004b) with the levels: ‘good’,
‘medium’, ‘bad’ and ‘unsuitable’. Fields assigned to
the first three levels are regarded as potential
cultivation area. ‘Unsuitable’ plots do not count as
potential cultivation area and are excluded from
further valuation. To illustrate, Figure 2 shows a map
of fields with cultivation potential for Phragmites
australis, assessed on the basis of water table depth.

Table 1. Datasets used for application of the assessment tool to the study areas Lange Lohe – Boller Moor and
Ochsenmoor.
Dataset
Information on
agricultural aid,
Lower Saxony
Authoritative real estate
cadastre information
system (ALKIS)

Information
-field geometry
-agricultural land use type
-agricultural land use type
-land cover other than
agriculture (forest, mire,
non-vegetated area)

-groundwater table
-soil type
-soil class
-nature protection areas
Delineation of protected -nature parks
-EU bird reserves
areas in Lower Saxony
-EU FFH reserves
Selective biotope
-legally protected biotopes
mapping, Lower Saxony
Precipitation, long-term
mean values 1981–2010, -precipitation
Reference site: Diepholz
Hydrological Atlas
-potential evapotranspiration
of Germany 2005
-discharge
Pedological map
1:50.000 (BÜK50)

Topography map
1:25.000 (TK25)
Digital terrain model,
grid width 200 m
(DTM200)
Pedological
investigations
Oral communication

Author (provider)
Servicezentrum
Landentwicklung und
Agrarförderung (SLA 2016)
Landesamt für Geoinformation
und Landesvermessung
Niedersachsen (LGLN),
(provided by Geofachdaten
Landkreis Diepholz)
LBEG (2014), provided by
Geofachdaten Landkreis
Diepholz

Data type
vector

vector

vector

Niedersächsisches Landesamt
für Wasserwirtschaft, Küstenund Naturschutz (NLWKN)

vector

NLWKN

vector

Deutscher Wetterdienst

online
document

Bundesanstalt für Gewässerkunde

online
application
Web Map
Service
(WMS)

-ditches
-road infrastructure

LGLN (provided
by Geofachdaten
Landkreis Diepholz)

-relief

Bundesamt für Kartographie
und Geodäsie

raster

Landesamt für Bergbau, Energie
und Geologie (LBEG)
Naturschutzstation Dümmer

online
application
oral

-peat depth
-peat depth
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Assessment on the basis of other indicators is
conducted on a nominal scale (Figure 1). The criteria,
their indicators and measurable attributes, as well as
their valuation, follow from: (1) normative aspects
and interpretations of legal frameworks in nature
protection; (2) plant ecological concepts and site
conditions; (3) guidelines and technical requirements
for the cultivation of reeds based on recent science;
and (4) the premise that high GHG-emission
reductions can be achieved and the associated
requirements (cf. Stegemann & Zeitz 2001, Höper
2007, Couwenberg et al. 2008, Drösler et al. 2013,
Freibauer et al. 2016). Since high biomass production
is crucial to safeguarding the incomes of farmers
(Haber & Salzwedel 1992), a ‘good’ valuation
reflects potential for the greatest possible production

of biomass, the establishment of stable and dominant
populations of the target species, and a possibility for
sustainable and permanent production. In the case of
GHG mitigation potential, the rating scale is defined
by the potential reduction in emissions.
Since the tool has a multi-criteria approach, partial
valuation results at different levels must be
aggregated before they can be used to support
decision-making (cf. von Haaren 2004b, Scholles
2008). The multi-criteria approach in landscape
planning uses a set of indicators to describe the
various aspects that are relevant to the decisionmaking process. The suitability of (site) conditions
for a project is described by rating each indicator
(ibid.), and a subsequent aggregation of ratings
presents the evidence in a targeted and concise

Figure 2. Example map visualisation of the evaluation of groundwater level in the study area Lange Lohe Boller Moor for Phragmites australis paludiculture.
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fashion (Singh et al. 2002). In the present study this
aggregation is conducted with the help of aggregation
matrices (Figure 3) containing logic operation rules,
a procedure which is described for landscape
planning by von Haaren (2004b). As multi-level
aggregation leads to loss of information (von Haaren
2004b), in order to come to an overall result across
the three categories, further aggregation of criteria
within and across the respective valuation categories
is performed through systematic expert reasoning
with regard to the relative importance of each
criterion.
Test application in study areas
The tool was tested on two sites, both located in the
German federal state of Lower Saxony in the county
of Diepholz (Northern German lowland; Figure 4).
The first site is “Lange Lohe - Boller Moor” (LL;
2242.1 ha) and the second is “Ochsenmoor” (OM;
1334.1 ha). The areas of agricultural land within
these sites are 1656.5 ha (LL) and 986 ha (OM),
including all types of agricultural use (cropland,
grassland, permanent crops, orchards, fallow land,
etc.). The two sites differ in terms of current land use;
while cropland covers 69.3 % and grassland 28.9 %
of LL, only 7.1 % of OM is used as cropland and
87.4 % as grassland. The remaining areas are under
other agricultural uses that are excluded from the
assessment since they are not considered appropriate
for conversion to paludiculture. Thus, the total areas

assessed are ~ 1644 ha (1644.1 ha) (LL) and ~ 933 ha
(932.6 ha) (OM).
Both study areas are subject to restrictions
resulting from nature protection legislation. The
nature reserves “Drebbersches Moor” and “Boller
Moor”, together with other legally protected
biotopes, reduce the assessed area of LL by 295 ha so
that, after this first step, 1349 ha remain in the
assessment. Similarly, the nature reserve
“Ochsenmoor” and other legally protected biotopes
reduce the assessed area of OM by 9 ha and an
additional 857 ha of permanent grassland within
Natura 2000 areas is also excluded. Overall, only
67 ha of OM (less than 10 % of the agricultural area)
remain after assessment of the first category. For this
reason, further description of the results focuses on
LL alone.
The results of the habitat valuation differ for the
different criteria. Site characteristics relating to the
soil are mainly ‘good’ for both species, although
large areas have the soil type gley rather than peat.
The area is characterised by periodically wet to semidry conditions with a dominance of soil moisture
classes 2~ and 2-~ (i.e. deeply drained, cf. Koska
2001). Wichmann & Wichtmann (2009) indicate soil
moisture class 2+ as the drought limit for
establishment of stable populations of Phragmites
australis. Thus, despite the ‘good’ soil conditions, a
major part (37 %) of the LL study area is ‘unsuitable’
for cultivation of Phragmites australis on the basis of

Figure 3. Matrix with logic operation rules for aggregation of the indicators ‘nutrient supply’ and ‘root
penetration ability’ to the criterion ‘soil characteristics’.
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current groundwater level. The remaining 63 %
emerges with only ‘bad’ potential. Typha latifolia
differs from Phragmites australis in that its good
performance is much more strongly related to wet
and flooded site conditions (Oehmke & Abel 2016),
and it does not tolerate extreme water table
fluctuations (LfU 2001). Under current conditions,
there is no cultivation potential for Typha latifolia.
Rewetting would increase the cultivation potential
for both species, in terms of both quantity and quality.
For Typha latifolia the potential cultivation area
would increase from 0 ha to 893 ha, and for
Phragmites australis it would increase from 774 ha
to 1150 ha. Not only the quantity but also the quality
of conditions would remain better for the cultivation
of Phragmites australis.
With respect to technical demands, the small plot
size is the most limiting factor for cultivation of both
example crops. The average plot size in the LL study
area is about 4 ha and only three plots reach the
recommended size of 15 ha (Wichtmann & Haberl

2012). In contrast, access to the plots from a
developed road infrastructure is ‘good’ for more than
51 % and ‘medium’ for 47 % of the study area.
The overall ranking for the LL study area shows
cultivation potential after rewetting on 1093 ha for
Phragmites australis and 867 ha for Typha latifolia.
Qualitatively, the cultivation potential is better for
Phragmites australis than for Typha latifolia.
Considering both test areas 34 % of LL and 94 % of
OM is ‘unsuitable’ for cultivation of reeds (Figure 5).
Potential for reduction of GHG emissions
Estimations of potential GHG-emission reductions
are based on the maximum potential cultivation area,
i.e. 1093 ha for LL and 57 ha for OM. The indicators
peat depth, current land use type and potential
groundwater table after rewetting are aggregated to
deliver the final result for this category. For LL the
assessment assigns ‘medium’ mitigation potential to
64 % of the potential cultivation area and ‘high’
potential to 8 %, while no reduction of GHG

Figure 4. Location of the study areas in Germany and in their physio-geographical context.
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emissions can be expected on 23 %. The results are
mainly determined by shallow or absent peat layers
and the (im)possibility of rewetting. For OM, 41 %
of the potential cultivation area shows ‘high’ GHG
mitigation potential. About 51 % of the area cannot
be rewetted and, thus, no mitigation of GHG
emissions can be achieved.

DISCUSSION
Structure and method of the analytic tool
The key feature of the analytic tool is its structure.
One of the objectives for its development was to
reduce the effort required for data analysis, which is
achieved through stepwise elimination of unsuitable
areas. Especially, conducting the analysis of nature
protection legislation in the early stages of the
assessment significantly reduces the workload for the
following steps (cf. Figure 5). The order of criteria
presented here approaches the problem from the
perspective of current land use options and prepends
those that can be analysed with minimum effort.
However, the analysis with regard to other criteria of
plots or fields that are eliminated early is thus ruled
out. Modifying the order of categories would not
change the final results, but the order chosen
significantly affects the interim results obtained
during the analytical process. Moving the analysis of
nature protection legislation to the final stage would
enable the estimation of cultivation and GHGmitigation potential according to site characteristics
without political restrictions, and this could inform a
discussion on future land use scenarios and their

implications for climate protection under changed
political conditions. Thus, the ordering of categories
should be chosen flexibly and tailored to the aim of
the investigation.
Another advantage is the standardised assessment
approach, which enables simple implementation of a
multi-criterion analysis. The tool is composed of four
categories with, in total, seven criteria and 18
subordinate indicators. This multitude of indicators is
required in order to cover as many relevant factors as
possible when determining the cultivation potential.
However, as von Haaren (2004b) remarks, multilevel aggregation and the combination of different
thematic fields restricts exactness. The concept of the
tool demands the aggregation of results across three
levels (from indicators to criteria, to categories, to the
final result). This process is very complex since most
of the indicators are assessed on a four-level rating
scale producing a multitude of possible results in
each step, even though this scale is insufficient to
exactly reflect the on-site conditions. We note that
summarising 18 independent indicator values in a
single final result may lead to inexactness and to a
levelling of the final qualitative valuation.
All of the assessment steps are needed for the
quantitative estimation of cultivation potential. On
the other hand, the analysis of qualitative cultivation
potential should look at specific results without
aggregation, in the context of the aim of the
investigation. Such a focus on individual indicators
enables clearer insight into the strengths and
weaknesses of a particular site. Rewetting
possibilities are a limiting factor for paludicultures
(cf. Wichtmann et al. 2009, Dietrich et al. 1999) and

Figure 5. Elimination of potential cultivation area by criteria, and maximum remaining cultivation potential
for reed, in the study areas “Lange Lohe - Boller Moor” (LL; n = 1644 ha) and “Ochsenmoor” (OM; n = 933 ha).
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depend on natural site conditions - such as climate that cannot be changed, as well as on technical
infrastructure that it may be possible to change. The
test application reveals that the tool offers simple
handling and little effort is needed to run it in its
current state, but it is also restricted in exactness and
flexibility. In this regard, more research is required in
order to restructure the tool to meet further issues and
enhance the flexibility and accuracy of results.
Eligibility of criteria and methodology to assess
the cultivation potential
In general, the chosen criteria and indicators are
regarded as suitable and sufficient for the
determination of cultivation potential and GHGmitigation potential. However, some criteria (e.g.
rewetting potential) can lead to detailed results only
if site-specific (hydrological) evaluations are carried
out (Haas & Cyffka 2011). Site specific
characteristics like the hydraulic conductivity of the
peat, which is affected by subsidence (Schmidt 1994)
and sealing layers (Bartels 1994, Roth & Succow
2001), cannot be captured by this tool. Due to
changes in the hydraulic properties of the degraded
peat, keeping rewetted areas wet throughout the year
often requires (shallow) flooding (Rosenthal &
Hölzel 2009). Therefore, only vague statements can
be made concerning rewetting possibilities. Since the
assessments of GHG-emission reduction are based
mainly on the rewetting possibilities, these results
incorporate the same uncertainties.
The tool applies a universal methodology that
enables the assessment of local and regional potential
for paludiculture in northern Germany. It meets the
requirement for spatial differentiation of site-specific
characteristics and thus goes farther than the
approach taken by Kowatsch et al. (2008), whose
potential analysis at federal state level excludes the
consideration of site conditions. However, the tool is
analytic, and in-situ investigations are also needed for
the establishment of paludicultures. In conclusion, it
is suitable for local analyses to help define viable land
use options and support decision-making in
landscape planning at an early stage (cf. von Haaren
2004b).
Impact of normative values on the cultivation
potential of reeds
The allocation of ranges of values and the scaling of
attributes is based on normative values for Categories
1 and 3 and refers to physiological aspects for
Category 2. Since normative values remain
changeable, and especially because current nature
conservation legislation prohibits the cultivation of
reeds, changes resulting from any legislative

modifications should be discussed. Paludiculture is
currently not an approved agricultural land use
(Czybulka & Kölsch 2016). This status leads to
elaborate application procedures and often requires
exemption clauses for harvesting of the cultivated
biomass (Czybulka & Kölsch 2016). Application of
the analytic tool shows that the main restrictions
relate to artificially cultivated reeds, which can attain
the status of legally protected biotopes (§ 7 (2) Nr. 4
BNatSchG - Federal Nature Conservation Act); and
the current agricultural policy of the European Union
(EU) (Figure 5). The objectives of the EU Common
Agricultural Policy (CAP) relating to climate and
environmental protection, which are implemented
through “greening” (Regulation EU 1307/2013 on
direct payments for agricultural holdings), focus on
the protection of permanent grasslands and wetlands
without considering the even stronger effects for
climate protection provided by paludiculture.
Kowatsch et al. (2008) note that paludiculture can
reduce average CO2-equivalent GHG emissions from
converted cropland and intensively managed
grassland by 15 t ha-1 y-1. Furthermore, the fact that
paludiculture is not yet an approved agricultural land
use in the EU prohibits direct payments from the first
pillar of the CAP as well as financial support from
the fund for rural development. Since it is doubtful
that paludiculture can be implemented economically
without this funding (cf. Czybulka & Kölsch 2016),
the recognition of paludiculture as an agricultural
land use for the next funding period of the CAP
(2021–2027) is of great importance. This would also
simplify handling in terms of protected areas, legally
protected biotopes and species protection, since
agricultural land use is privileged. Gaudig et al.
(2014b) share the opinion that the cultivation of
protected species must not restrict their exploitation.
Similarly, Timmermann et al. (2009) regard the
rewetting of degraded peatlands as a reasonable
future land use option in relation to species and
habitat protection. The discussion shows that
legislative and political changes could increase the
quantitative cultivation potential for reeds and, thus,
also the potential for reduction of GHG emissions
from agricultural land.

CONCLUSIONS
The analytic tool that was developed enables a simple
quantification of the cultivation potential for
Phragmites australis and Typha latifolia within a
clearly delineated area. At this point Phragmites
australis and Typha latifolia serve as example
species. The analytic tool could also be used for the
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assessment of other types of paludiculture such as
Sphagnum farming and alder cultivation if adapted
for those species.
Development of the structure of the tool towards
a modular system would enable the separation of
thematic units and their reorganisation to address
specific problems. Moreover, it would allow the
addition of further aspects without exceeding a
certain level of complexity (Figure 6). Useful
extensions may be the analysis of synergies and
conflicts between paludiculture and nature protection
objectives or the connection to existing infrastructure
for recovery of the harvested biomass.
Finally, we reiterate that changes at the political
level are required to allow the development of
paludiculture into a sustainable land use which will
contribute to the reduction of GHG emissions from
agricultural land.

ACKNOWLEDGEMENTS
This article is based on a presentation at the
international conference Renewable Resources from
Wet and Rewetted Peatlands held on 26–28
September 2017 at the University of Greifswald,
Germany.

REFERENCES
Bartels, R. (1994) Die landwirtschaftliche Nutzung
von Moorböden (Agricultural land use on peaty
soils). In: Entwicklung der Moore, NNA-Berichte
7(2), Alfred Toepfer Akademie für Naturschutz,
Schneverdingen, 49–54 (in German).
Bundesamt für Kartographie und Geodäsie (2011)
Verwaltungsgrenzen
der
Bundesrepublik
Deutschland (Administrative Boundaries of the
Federal Republic of Germany). Bundesamt für
Kartographie und Geodäsie, Frankfurt am Main.
Online at: https://www.bkg.bund.de/DE/ Produkt
e-und-Services/Shop-und-Downloads/Digitale-G
eodaten/Verwaltungsgebiete-Verwaltungsgrenze
n/verwaltungsgebiete.html#doc47250bodyText1
(in German)
Couwenberg, J. & Joosten, H. (2001) Bilanzen zum
Moorverlust. Das Beispiel Deutschland (Balances
of peatland loss. The German case). In: Succow,
M. & Joosten, H. (eds.) Landschaftsökologische
Moorkunde (Landscape Ecology of Mires),
Schweizerbart, Stuttgart, 409–411 (in German).
Couwenberg, J., Augustin, J., Michaelis, D.,
Wichtmann, W. & Joosten, H. (2008)
Entwicklung von Grundsätzen für eine Bewertung
von Niedermooren hinsichtlich ihrer Klima-

Figure 6: A possible future development of the assessment tool presented here into a modular system.
Modifying the structure of the tool in this way has potential to allow the integration of more thematic aspects
without impairing its flexibility.
Mires and Peat, Volume 25 (2019), Article 03, 1–14, http://www.mires-and-peat.net/, ISSN 1819-754X
© 2019 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2017.OMB.324
10

A. Schlattmann & M. Rode THE SPATIAL POTENTIAL FOR PALUDICULTURE: AN ANALYTIC TOOL

relevanz (Development of Principles for the
Assessment of Fens Regarding their Climatic
Relevance). Universität Greifswald Institut für
Dauerhaft Umweltgerechte Entwicklung von
Naturräumen der Erde (DUENE) e.V.,
Greifswald.
Online
at:
http://duenegreifswald.de/doc/gest.pdf (in German).
Czybulka, D. & Kölsch, L. (2016) The legal
framework. In: Wichtmann, W., Schröder, C. &
Joosten, H. (eds.) Paludiculture - Productive Use
of Wet Peatlands: Climate Protection,
Biodiversity, Regional Benefits, Schweizerbart,
Stuttgart, 143–149.
Diercke (2017) Naturräumliche Gliederung
Deutschlands (Natural Landscape Units of
Germany). Bildungshaus Schulbuchverlage
Westermann, Schroedel, Diesterweg, Söningh,
Winklers,
Braunschweig.
Online
at:
http://www.diercke.de/content/deutschlandnaturraum-100750-22-1-0 (in German).
Dierßen, K. & Dierßen, B. (2001) Moore.
Ökosysteme Mitteleuropas aus geobotanischer
Sicht (Peatlands. Ecosystems of Central Europe
from a Geobotanical Perspective). Eugen Ulmer,
Stuttgart, 230 pp. (in German).
Dietrich, O., Dannowski, R., Tauschke, R.,
Stornowski, K. & Leschke, V. (1999)
Wiedervernässung einer degradierten Niedermoorfläche als Voraussetzung für den
Schilfanbau (Rewetting of a degraded fen as a
condition for the cultivation of reeds). Archiv für
Naturschutz und Landschaftsforschung, 38, 233–
249 (in German).
Drösler, M., Freibauer, A., Adelmann, W., Augustin,
J., Bergmann, L., Beyer, C., Chojnicki, B.,
Förster, C., Giebels, M., Görlitz, S., Höper, H.,
Kantelhardt, J., Liebersbach, H., Hahn-Schöfl,
M., Minke, M., Petschow, U., Pfadenhauer, J.,
Schaller, L., Schägner, P., Sommer, M., Thuill, A.
& Werhan, M. (2013) Klimaschutz durch
Moorschutz - Schlussbericht des Vorhabens
„Klimaschutz-Moornutzungsstrategien“ 2006–2010
(Climate Protection through Peatland Protection).
Hochschule Weihenstephan-Triesdorf, FreisingWeihenstephan, 21 pp. Online at: https://www.
thuenen.de/media/institute/ak/Projekte/organisch
e_boeden/Klimaschutz_Moorschutz_Praxis_BM
BF_vTI-Bericht_20110408.pdf (in German).
Freibauer, A., Tiemeyer, B., Bechthold, M. &
Drösler, M. (2016) Erläuterungen zur
Klimamatrix (Explanations for the Climate
Matrix). Braunschweig, 12 pp. Online at: http://
www.moorschutz-deutschland.de/index.php?id=
234 (in German).
Gaudig, G., Fengler, F., Krebs, M., Prager, A.,

Schulz, J., Wichmann, S. & Joosten, H. (2014a)
Sphagnum farming in Germany - a review of
progress. Mires and Peat, 13(8), 1–11.
Gaudig, G., Oehmke, C., Abel, S. & Schröder, C.
(2014b) Moornutzung neu gedacht: Paludikultur
bringt zahlreiche Vorteile (New peatland uses:
Advantages through paludicultures). Anliegen
Natur, 36 (2), 67–74 (in German).
Giannini, V., Silvestri, N., Dragoni, F., Pistocchi, C.,
Sabbatini, T. & Bonari, E. (2017) Growth and
nutrient uptake of perennial crops in a
paludicultural
approach
in
a
drained
Mediterranean peatland. Ecological Engineering,
103, 478–487.
Haas, F. & Cyffka, B. (2011) Abschlussbericht zum
Forschungsund
Entwicklungsprojekt.
Hydrologisch-bodenkundliche Untersuchungen
und Konzepterstellungen zur Wiedervernässung
im
Moorkörperschutzgebiet
Langenmosen,
Gemarkung Berg im Gau und Gemarkung
Langenmosen
(Final
Research
Report.
Hydrological-Pedological Investigations and
Concepts for the Rewetting of Peatlands in
Langenmoosen, District Berg im Gau and District
Langenmosen).
KU
Eichstätt-Ingolstadt,
Aueninstitut Neuburg, Eichstätt, 79 pp. Online at:
http://www.donaumooszweckverband.de/fileadmin/imageszweckverband/projekte/Abschlussbericht%20La
ngenmosen.pdf (in German).
Haber, W. & Salzwedel, J. (1992) Umweltprobleme
der
Landwirtschaft.
Sachbuch
Ökologie
(Environmental Problems in Agriculture).
Metzler-Poeschel, Stuttgart, 176 pp. (in German).
Haberl, A., Schroeder, P. & Schröder, C. (2016)
Availability of suitable areas. In: Wichtmann, W.,
Schröder, C. & Joosten, H. (eds.) Paludiculture –
Productive Use of Wet Peatlands. Climate
Protection, Biodiversity, Regional Benefits,
Schweizerbart, Stuttgart, 178–184.
Hirschfeld, J., Weiß, J., Preidl, M. & Korbun, T.
(2008) Klimawirkungen der Landwirtschaft in
Deutschland (Climate Impacts of Agriculture in
Germany). Schriftenreihe des IÖW 186/08,
Institut für Ökologische Wirtschafts-forschung,
Berlin, 203 pp. Online at: https://www.food
watch.org/fileadmin/_migrated/content_uploads/
IOEW-Studie_Klimawirkungen_der_Landwirtsc
haft_in_Deutschland_2008_01.pdf (in German).
Höper, H. (2007) Freisetzung von Treibhausgasen
aus deutschen Mooren (Greenhouse gas emissions
from German peatlands). TELMA, 37, 85–116 (in
German).
Höper, H. & Blankenburg, J. (2000) Emissionen
klimarelevanter Gase aus niedersächsischen

Mires and Peat, Volume 25 (2019), Article 03, 1–14, http://www.mires-and-peat.net/, ISSN 1819-754X
© 2019 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2017.OMB.324
11

A. Schlattmann & M. Rode THE SPATIAL POTENTIAL FOR PALUDICULTURE: AN ANALYTIC TOOL

Mooren und Möglichkeiten der Reduzierung
(Climate gas emissions from peatlands in Lower
Saxony and options for their reduction). In:
Klimaveränderungen und Naturschutz, NNABerichte 13(2), Alfred Toepfer Akademie für
Naturschutz, Schneverdingen, 110–117 (in
German).
Joosten, H., Brust, K., Couwenberg, J., Gerner, A.,
Holsten, B., Permien, T., Schäfer, A.,
Tanneberger, F., Trepel, M. & Wahren, A. (2013)
MoorFutures: Integration von weiteren Ökosystemdienstleistungen
einschließlich
Biodiversität in Kohlenstoffzertifikate - Standard,
Methodologie und Übertragbarkeit in andere
Regionen (MoorFutures: Integration of Further
Ecosystem Services Including Biodiversity in
Carbon Certificates). BfN Skripten 350,
Bundesamt für Naturschutz, Bonn, 131 pp. Online
at: https://www.bfn.de/fileadmin/MDB/documen
ts/service/skript350.pdf
Joosten, H., Schröder, C., Nordt, A. & Schroeder, P.
(2014)
MoorZukunft
Endbericht
2014
(MoorFutures Final Report). Ernst Moritz Arndt
Universität Greifswald, 21 pp. Online at:
https://www.bmel.de/SharedDocs/Downloads/La
ndwirtschaft/LaendlicheRaeume/LandZukunft/A
bschlussberichtVorpommern-Greifswald.pdf?__
blob=publicationFile (in German).
Koska, I. (2001) Ökohydrologische Kennzeichnung
(Ecologic-hydraulic identification). In: Succow,
M. & Joosten, H. (eds.) Landschaftsökologische
Moorkunde (Landscape Ecology of Mires).
Schweizerbart, Stuttgart, 92–111 (in German).
Kowatsch, A. (2007) Moorschutzkonzepte und programme in Deutschland. Ein historischer und
aktueller Überblick (Concepts and programs for
the protection of peatlands. An overview about
historic and present situation). Naturschutz und
Landschaftsplanung, 39(7), 197–204.
Kowatsch, A., Schäfer, A. & Wichtmann, W. (2008)
Nutzungsmöglichkeiten
auf
Niedermoorstandorten - Umweltwirkungen, Klimarelevanz
und Wirtschaftlichkeit sowie Anwendbarkeit und
Potenziale
in
Mecklenburg-Vorpommern
(Possible Uses on Fens – Environmental Effects,
Climate Relevance, Economy, Applicability and
Potentials in Mecklenburg-Western Pomerania).
Institut
für
Dauerhaft
Umweltgerechte
Entwicklung von Naturräumen der Erde
(DUENE) e. V., 57 pp. Online at: http://duenegreifswald.de/doc/moornutzung_endbericht.pdf
(in German).
LBEG
(2014)
Bodenübersichtskarte
von
Niedersachsen 1: 50 000 (Soils of Lower Saxony).
Landesamt für Bergbau, Energie und Geologie

(LBEG), Hannover. Online at: https://www.lbeg.
niedersachsen.de/karten_daten_publikationen/kar
ten_daten/boden/bodenkarten/bodenkundliche_u
ebersichtskarte_150000/bodenuebersichtskarteim-mastab-1--50-000-buek50-654.html
LfU (2001) Moore, Sümpfe, Röhrichte und Riede
(Mires, Swamps and Reeds). Biotope in BadenWürttemberg 9, Landesanstalt für Umweltschutz
Baden-Württemberg (LfU), Karlsruhe, 52 pp.
Online at: https://www4.lubw.baden-wuerttember
g.de/servlet/is/16488/moore.pdf?command=dow
nloadContent&filename=moore.pdf (in German).
Myhre, G., Shindell, D., Bréon, F.-M., Collins, W.,
Fuglestvedt, J., Huang, J., Koch, D., Lamarque,
J.F., Lee, D., Mendoza, B., Nakajima, T., Robock,
A., Stephens, G., Takemure, T. & Zhang, H.
(2013) Anthropogenic and natural radiative
forcing. In: Stocker, T.F., Qin, D., Plattner, G.-K.,
Tignor, M., Allen, S.K., Boschung, J., Nauels, A.,
Xia, Y., Bex, V. & Midgley, P.M. (eds.) Climate
Change 2013: The Physical Science Basis.
Contribution of Working Group I to the Fifth
Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University
Press, Cambridge, United Kingdom and New
York, USA, 659–740.
Nentwig, W., Bacher, S., Beierkuhnlein, C., Brandl,
R. & Grabherr, G. (2004) Ökologie (Ecology).
Spektrum Akademischer Verlag, München,
466 pp. (in German).
Oehmke, C. & Abel, S. (2016) Promising plant for
paludiculture. In: Wichtmann, W., Schröder, C. &
Joosten, H. (eds.) Paludiculture - Productive Use
of Wet Peatlands. Climate Protection,
Biodiversity, Regional Benefits, Schweizerbart,
Stuttgart, 22–38.
Oehmke, C., Dahms, T., Haberl, A., Wichtmann, W.
& Schröder, C. (2014) Top-down & bottom-up:
Weiterentwicklung bisheriger Ansätze zur
Abschätzung
von
Flächenund
Biomassepotentialen für Paludikultur (Top-down
& bottom-up: Enhancement of approaches for the
estimation of site- and biomass potentials for
paludiculture). In: Nelles, M. (ed.) 8. Rostocker
Bioenergieforum (8th Rostock Bioenergy Forum),
Schriftenreihe Umweltingenieurwesen, Universität
Rostock, Rostock, Band 45, 95–104 (in German).
Rodewald-Rudescu, L. (1974) Das Schilfrohr.
Phragmites
communis
Trinius
(Reed).
Schweizerbart, Stuttgart, 302 pp. (in German).
Rosenthal, G. & Hölzel, N. (2009) Renaturierung von
Feuchtgrünland, Auengrünland und mesophilem
Grünland (Restoration of wetlands, alluvial zones
and mesophilic grassland). In: Zerbe, S. &
Wiegleb, G. (eds.), Renaturierung von

Mires and Peat, Volume 25 (2019), Article 03, 1–14, http://www.mires-and-peat.net/, ISSN 1819-754X
© 2019 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2017.OMB.324
12

A. Schlattmann & M. Rode THE SPATIAL POTENTIAL FOR PALUDICULTURE: AN ANALYTIC TOOL

Ökosystemen in Mitteleuropa (Restoration of
Ecosystems in Central Europe). Spektrum
Akademischer Verlag, Heidelberg, 283–316 (in
German).
Roth, S. & Succow, M. (2001) Vegetationsformen
des Saatgraslandes, des Intensivgraslandes und
daraus wieder hervorgehender Wiesen und
Weiden (Vegetation of sown grassland and
intensive grassland. In: Succow, M. & Joosten, H.
(eds.)
Landschaftsökologische
Moorkunde
(Landscape Ecology of Mires). Schweizerbart,
Stuttgart, 171–181 (in German).
Schmidt, W. (1994) Über den Einfluß der
Entwässerung und der Nutzung auf die
Gefügeentwicklung in Niedermooren (Effects of
drainage and land use on the soil structure of
fens). In: Entwicklung der Moore, NNA-Berichte
7(2), Alfred Toepfer Akademie für Naturschutz,
Schneverdingen, 59–66 (in German).
Scholles, F. (2008) Grundfragen der Bewertung
(Basics of the assessment). In: Fürst, D. &
Scholles, F. (eds.) Handbuch Theorien und
Methoden der Raum- und Umweltplanung
(Theory and Methods of Spatial and
Environmental Planning). Rohn, Dortmund, 516–
534 (in German).
Schröder, C., Wichtmann, W. & Körner, N. (2013)
Paludikultur:
Perspektive
im
Schilf
(Paludiculture: Perspective in reed). Ländlicher
Raum, 64(3), 16–19 (in German).
Schröder, C., Dettmann, C., & Wichmann, S. (2016)
Logistics of biomass production on wet peatlands.
In: Wichtmann, W., Schröder, C. & Joosten, H.
(eds.) Paludiculture - Productive Use of Wet
Peatlands. Climate Protection, Biodiversity,
Regional Benefits. Schweizerbart, Stuttgart,
70–76.
Singh, A., Moldan, B., Loveland, T., Baste, I.A.,
Beltram, G., Burch, W.R., Foresman, T.W.,
Greenwood Etienne, S., Machlis, G., Marcotullio,
P.J., Melillo, J.M., Pillay, D., Plocq Fichelet, V.
& Rapport, D. (2002) Making Science for
Sustainable Development More Policy Relevant:
New Tools for Analysis. ICSU Series on Science
for Sustainable Development No. 8, International
Council for Science (ICSU), Paris, 28 pp. Online
at: https://council.science/publications/rainbowseries-on-science-for-sustainable-development2002
SLA (2016) Auskunft Agrarförderung Niedersachsen 2015 (Information on Agricultural
Aid in Lower Saxony). Servicezentrum
Landentwicklung und Agrarförderung, Hannover.
Online at: http://www.lwk-niedersachsen.de/
index.cfm/action/finder.html?part=1&term=bewi

lligungsstelle&s=6 (in German).
Stahl, W. & Berner, U. (2000) Das Klimaproblem eine Betrachtung aus geowissenschaftlicher Sicht
(The climate problem - a geoscientific approach).
In: Klimaveränderungen und Naturschutz, NNABerichte 13(2), Alfred Toepfer Akademie für
Naturschutz, Schneverdingen, 96–99 (in German).
Stegemann, H. & Zeitz, J. (2001) Bodenbildende
Prozesse entwässerter Moore (Soil-forming
processes of drained mires). In: Succow, M. &
Joosten, H. (eds.): Landschaftsökologische
Moorkunde (Landscape Ecology of Mires).
Schweizerbart, Stuttgart, 47–58 (in German).
Timmermann, T., Joosten, H. & Succow, M. (2009)
Restaurierung von Mooren (Restoration of mires).
In: Zerbe, S. & Wiegleb, G. (eds.) Renaturierung
von Ökosystemen in Mitteleuropa (Restoration of
Ecosystems in Central Europe). Spektrum
Akademischer Verlag, Heidelberg, 55–94 (in
German).
von Haaren, C. (2004a) Gegenstand von Erfassung
und Bewertung (The subject of capture and
assessment). In: von Haaren, C. (ed.)
Landschaftsplanung (Landscape Planning),
Eugen Ulmer, Stuttgart, 79–85 (in German).
von Haaren, C. (2004b) Regeln und Anforderungen
bei Erfassung, Bewertung und Prognose
(Guidelines and requirements for capture,
assessment and prognosis). In: von Haaren, C.
(ed.) Landschaftsplanung (Landscape Planning),
Eugen Ulmer, Stuttgart, 85–101 (in German).
Wichmann, S. (2016) Economic aspects of
paludiculture on the farm level. In: Wichtmann,
W., Schröder, C. & Joosten, H. (eds.)
Paludiculture - Productive Use of Wet Peatlands.
Climate Protection, Biodiversity, Regional
Benefits. Schweizerbart, Stuttgart, 109–114.
Wichmann, S. & Wichtmann, W. (2009)
Energiebiomasse aus Niedermooren (ENIM)
(Biomass for Energy from Fens). Report to
Deutsche Bundesstiftung Umwelt (DBU),
Universität Greifswald, 192 pp. Online at:
http://duene-greifswald.de/doc/wichtmann_kf.pdf
(in German).
Wichmann, S., Dettmann, S. & Dahms, T. (2016)
Agricultural machinery for wet areas. In:
Wichtmann, W., Schröder, C. & Joosten, H. (eds.)
Paludiculture - Productive Use of Wet Peatlands.
Climate Protection, Biodiversity, Regional
Benefits. Schweizerbart, Stuttgart, 63–70.
Wichtmann,
W.
&
Haberl,
A.
(2012)
Handlungsleitfaden „Paludikultur“ (Internal
Guidelines for Paludiculture). Bundesministerium
für Umwelt, Naturschutz und Reaktorsicherheit
(BfN), Potsdam, 42 pp. Online at: https://

Mires and Peat, Volume 25 (2019), Article 03, 1–14, http://www.mires-and-peat.net/, ISSN 1819-754X
© 2019 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2017.OMB.324
13

A. Schlattmann & M. Rode THE SPATIAL POTENTIAL FOR PALUDICULTURE: AN ANALYTIC TOOL

215–234 (in German).
www.potsdam.de/sites/default/files/documents/L
Wichtmann, W., Couwenberg, J. & Kowatsch, A.
eitfaden-Paludikultur_2012.12_21%5B1%5D.pdf
(2009) Klimaschutz durch Schilfanbau (Reed
(in German).
Wichtmann, W. & Wichmann, S. (2011)
cultivation for climate protection). Ökologisches
Paludikultur: Standortgerechte Bewirtschaftung
Wirtschaften, 24(1), 25–27 (in German).
wiedervernässter
Moore
(Paludiculture:
Appropriate use of rewetted peatlands). TELMA
Beiheft zu den Berichten der Deutschen
Submitted 30 Dec 2017, revision 28 Sep 2018
Gesellschaft für Moor- und Torfkunde (Beiheft 4),
Editors: John Couwenberg and Olivia Bragg
_______________________________________________________________________________________
Author for correspondence:
Anna Schlattmann, Leibniz University Hannover, Institute of Environmental Planning, Herrenhäuser Strasse
2, 30419 Hannover, Germany
Tel: +49 511 762 2506; E-mail: schlattmann@umwelt.uni-hannover.de

Mires and Peat, Volume 25 (2019), Article 03, 1–14, http://www.mires-and-peat.net/, ISSN 1819-754X
© 2019 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2017.OMB.324
14

