
  

 

 

 

 

 

 

Project Number: GA101056848 

Project Acronym: WET HORIZONS 

Project title: Upgrading knowledge and solutions to fast-track 

wetland restoration across Europe 

 

 

 

D3.5 ServiPeat – the upgraded DSS tool (meta-model) with 
integrated land surface models 

 

 

 

February 2026 

 

 

 



Integration of land surface model results in  
decision support tool & meta model 

 
2 

Technical References 

1 PU = Public 
 PP = Restricted to other programme participants (including the Commission Services) 
 RE = Restricted to a group specified by the consortium (including the Commission Services) 
 CO = Confidential, only for members of the consortium (including the Commission Services) 

  

Deliverable No. 3.5 

Deliverable title 

Integration of the results from land surface models into 

the decision support tool (meta-model) SERVI-PEAT 

and demonstration of this tool's capability for local 

stakeholders in at least three regions 

Document type R, Report 

Dissemination level 1 PU, public 

Work package 3 

Task 3.5 

Lead beneficiary  SGGW-WULS Warsaw University of Life Sciences 

Contributing beneficiary(ies) UVSQ-LSCE, JHI, FMI, UG 

Authors 

Mateusz Grygoruk, Marta Stachowicz, Dorota 

Mirosław-Świątek, Piotr Banaszuk, Philippe Ciais, 

Christian Fritz, Tom Heuts, Agata Klimkowska, Marjon 

Hellegers, Liyang Liu, Mark S Reed, Ojaswi Sumbh 

Due date of deliverable 28.02.2026 

Actual submission date 27.02.2026 

Reviewed by Shubiao Wu, AU 



Integration of land surface model results in  
decision support tool & meta model 

 
3 

Document history 

Version Date Status 

V0.1 31 January 2026 Drafted  

V0.2 02 February 2026 Drafted and internally 

reviewed 

V0.3 24 February 2026 Second draft 

V1 27 February 2026 Final version 

 

Acronyms and abbreviations 

 

Abbreviation Description 

CH4 Methane 

CO2 Carbon dioxide 

DSS Decision support system 

EF Emission factor 

GHG Greenhouse gases 

GWT Groundwater table 

 

  



Integration of land surface model results in  
decision support tool & meta model 

 
4 

 

Disclaimer 

Funded by the European Union. Views and opinions expressed are however those of 
the author(s) only and do not necessarily reflect those of the European Union or 
European Commission. Neither the European Union nor the granting authority can be 
held responsible for them. 

  



Integration of land surface model results in  
decision support tool & meta model 

 
5 

 

Summary of Deliverable 

This deliverable presents the ServiPeat DSS, developed within the WET HORIZONS project to guide 
planning rewetting interventions on drained peatlands. Peatland degradation through drainage has led 
to widespread ecological, hydrological and climate-related impacts. ServiPeat addresses the need for 
an accessible, science-based tool to support restoration planning by providing estimates of expected 
outcomes under rewetting scenario through ditch-blocking. The tool is intended for use by land 
managers, restoration practitioners, conservation authorities and other stakeholders engaged in 
peatland management. 

Key elements of the ServiPeat DSS include a core hydrological module, which integrates steady-state 
groundwater modelling based on MODFLOW and open-channel hydraulics to calculate ditch block 
spacing, dam height and rewetting extent. The model quantifies water retention gains and estimates 
changes in CO₂ and CH₄ emissions using output from the ORCHIDEE-PEAT land surface model, 
capturing the relationship between groundwater level and GHG fluxes post-rewetting. These emissions 
are expressed in CO₂-equivalent units. 

The biogeochemical module addresses concerns about potential water quality deterioration following 
rewetting, particularly from phosphorus and nitrate release. It uses empirical models using soil pH as a 
proxy to estimate the risk of internal eutrophication (P release) and nitrate export (N–NO₃). While 
simplified, this approach enables a conservative risk assessment useful for early-stage planning. The 
biodiversity module, based on BioScore species distribution modelling, provides an estimate of relative 
species richness change for key taxonomic groups which are vascular plants, mosses and birds, 
depending on water table depth. The economic module evaluates ecosystem services using indicative 
monetary values based on unit water storage costs and the average annual EU carbon permit price, 
reduced by estimated water remediation costs. 

An important component is a set of “no-regret” measures, offering guidance on recommended land uses 
and best practices post-rewetting, tailored to peatland types and previous land use history. These 
measures are designed to enhance long-term restoration success and ecosystem service delivery. 

This deliverable also outlines potential policy and market applications of ServiPeat beyond project-level 
restoration planning. Drawing on co-production and testing of policy options in Scotland through WP6, 
it considers how spatially explicit outputs on water-table change and associated greenhouse gas 
trajectories might inform emerging land-based emissions pricing and the design and operation of 
voluntary peatland carbon markets. The discussion highlights possible roles for the tool in supporting 
baseline setting, targeting monitoring effort, documenting leakage risks, and improving transparency 
around uncertainty and permanence risk. 

ServiPeat DSS is available online at https://servipeat.sggw.edu.pl/ and will be uploaded on the WET 
HORIZONS project website. The tool was demonstrated to stakeholders in three partner countries: 
Poland, the Netherlands and Finland in February. Although it does not replace detailed engineering 
tools, ServiPeat facilitates scenario simulations, impact assessments and dialogue around restoration 
planning. It contributes to filling the gap between scientific modelling and practical peatland 
management, with a structure enabling further adaptation and expansion. 
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1 Introduction 

Rewetting of drained peatlands is a key measure to improve their ecological status. Although every 
peatland is unique, the hydrological processes underlying resaturation are generally universal. To 
support peatland managers in planning rewetting actions, the ServiPeat DSS was developed and 
released within the WET HORIZONS project (Fig. 1.1). 

Within the scope of the project tasks, the core hydrological module of the ServiPeat DSS was designed 
in MODFLOW – a steady-state groundwater model (Harbaugh et al., 2017). The tool also integrates 
data from Land Surface Models such as Bioscore (Hendriks et al., 2016) and ORCHIDEE-PEAT (Qiu et 
al., 2018). Furthermore, a set of no-regret measures developed under Task 4.4 was provided for the 
user in the tool. Following the release of the tool, three stakeholder demonstrations were conducted (in 
Poland, the Netherlands and Finland) to showcase its functionality, practical application and to gather 
feedback. 

ServiPeat is available online at https://servipeat.sggw.edu.pl/ and will be uploaded on the WET 
HORIZONS project website. The purpose of the tool is to support preliminary decision-making and is 
intended for land managers, conservation authorities and practitioners involved in peatland restoration. 
The tool is based on a numerical groundwater flow model and incorporates data from land surface 
models as well as empirical and physical algorithms. Several parameters depend on the peatland type, 
ditch condition and other inputs provided by the user. 

It provides approximate estimates for: 

• number of dams and their height in ditched peatlands in the rewetting scenario, 

• expected outcomes of rewetting, including water retention gains, influence range of 

rewetting, reduction of greenhouse gas emissions, nutrient dynamics, potential changes in 

biodiversity and the indicative monetary value of ecosystem services. 

In this report (Deliverable 3.5), we present a detailed description of the methodology behind each 
module of the ServiPeat tool: hydrology, greenhouse gas emissions, nutrient dynamics and biodiversity. 
In addition, we provide a description of the user workflow, testing scenarios, potential application in WP6 
and a summary of the stakeholder demonstrations carried out as part of Task 3.5, aiming at promoting 
the outputs of the WET HORIZONS project. 

 

Figure 1.1. The ServiPeat landing page. 

 

 

 

https://servipeat.sggw.edu.pl/
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2 Methodology 

2.1 Hydrological module 

2.1.1 General assumptions  

Water flow in peatlands under influence of drainage – irrigation systems is the effect of numerous 
processes (Fig. 2.1). The objective of peatland rewetting is to raise the water levels within the ditch 
network, transforming it from a drainage system into an irrigation-support system, to ensure the 
groundwater table reaches a depth that provides sufficient peat moisture content, supports peat-forming 
vegetation and stops carbon mineralization. This is achieved by installing weirs (ditch blocks) that raise 
the water level in the ditch, which in turn influences the surrounding groundwater table. 

 

Figure 2.1. Water balance components in peatlands. 

Water level scheme before and after weir installation in a drainage-irrigation ditch was given in Fig. 2.2. 
The core design question in such systems is: What spacing and height of ditch blocks are required to 
ensure that the groundwater level at a designated control point (typically midway between ditches or at 
the water divide) reaches the desired target depth? ServiPeat addresses this question using a simplified 
yet robust modelling approach that enables the estimation of ditch blocks height, the distance between 
the weirs, the area and distance of rewetting and the amount of gained water retention. 

The hydrological module integrates three main components (Fig. 2.2–2.4), all operating under steady-
state assumptions: 

▪ water flow in a ditch, represented by gradually varied steady flow equations, 

▪ ditch backwater curve,  

▪ groundwater inflow to the ditch in a flat area fed mainly by precipitation (with MODFLOW 

modelling approach). 
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Figure 2.2. Water level in a ditch (before and after rewetting) 

 

 

Figure 2.3. Ditch geometry (A) and weir water flow (B) schemes. 

 

 

 

Figure 2.4. Assumed scheme of groundwater inflow to a ditch. 
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2.1.2 Open channel hydraulics and the design of ditch blocks 

The ServiPeat tool utilizes a model of gradually varied steady flow in trapezoidal ditches. The geometry 
of the ditch is defined by its depth (d), bottom width (b) and bank slope (1:ns), while the flow resistance 
is determined by a Manning’s roughness coefficient (n) linked to the ditch’s maintenance condition 
chosen by the user (Fig. 2.5, Tab. 2.1). 

 

Figure 2.5. ServiPeat dialog window – selection of the ditch condition. 

 

Table 2.1. Parameters used by the ServiPeat algorithm determined by the selected condition of the 
ditch. 

Parameter 

Ditch condition 

Good  
(well-maintained) 

Moderate (scarcely 
maintained) 

Poor  
(non-maintained) 

Manning’s 
coefficient n [-] 

0.04 0.15 0.25 

Slope of the 
ditch bank (1:ns) 

[-] 
1 1.5 2 

Width of the 
ditch bottom [m] 

1 0.75 0.5 

 

The ditch discharge is calculated by Mannings’ formula (Chadwick et al., 2021): 

𝑄 =
1

𝑛
𝐴𝑅ℎ

2

3𝐽
1

2 (Eq. 2.1), 

where: 

A – active cross-sectional area [m2], 

Rh – hydraulic radius [m], 

J – hydraulic slope [-], 

n – roughness coefficient [m-1/3 s-1], 

Q – discharge [m3 s-1]. 
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The weir discharge Q was defined for a rectangular broad crested weir (Fig. 2.3B) by a following formula 
(Chadwick et al., 2021): 

𝑄 =
2

3
𝜇𝑏√2𝑔ℎ

3

2  (Eq. 2.2), 

where: 

µ - discharge coefficient [-], 

b – crest length [m], 

h – water table elevation over the crest of the weir [m], 

g – gravity acceleration [m  s-1]. 

The width of the weir b (crest length) is approached through the width of the water table in a ditch for a 
given water depth. The discharge coefficient takes the value of 0.44 after available literature sources for 
the conditions of a rough inlet and a rough crest (Kubrak & Kubrak, 2004). Dammed water level position 
between two weirs (Fig. 2.6) was calculated in the proposed modelling procedure by Bernoulli equation 
(Kubrak & Kubrak, 2004): 

𝑧1 + 𝐻1 +
𝛼𝑣1

2

2𝑔
= 𝑧2 + 𝐻2 +

𝛼𝑣2
2

2𝑔
+ ℎ𝑠𝑡𝑟 (Eq. 2.3), 

where: 

H1, H2 – water depth in the upstream and downstream cross-section [m], 

v1, v2 – water velocities in the upstream and downstream cross-section [m s-1], 

z1, z2 – height above the reference level [m], 

hstr – energy losses [m], 

α – Coriolis coefficient (α=1.1) 

 

Figure 2.6. Scheme for the calculation of the distance and dammed water level position between two 
weirs. 

Knowing that:      

𝑧1 − 𝑧2 = 𝑖∆𝐿 

              ℎ𝑠𝑡𝑟 = 𝐽ś𝑟∆𝐿 =
1

2
(𝐽1 + 𝐽2)∆𝐿     (Eq. 2.4), 

where i is a longitudinal slope of the ditch bottom [-], equation 2.3 can be transformed in order to 
calculate the distance between weirs (Fig. 2.6): 

weir2weir1
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∆𝐿 =
𝐻1−𝐻2+

𝛼(𝑣2
2−𝑣1

2)

2𝑔

i−
𝐽1+𝐽2

2

 (Eq. 2.5). 

 

The slopes J1 and J2 occurring in Equation 3.5 are calculated by Manning’s formula: 

𝐽1 =
𝑉1
2𝑛2

𝑅1
4/3    (Eq. 2.6). 

The solution of equation 2.5 requires determination of depth increase dH from the value of H1 in the 
upstream cross-section to H2 in the downstream cross-section (Fig. 2.6). 

The scenario applied in the ServiPeat DSS assumes that the drainage ditches located within a peatland 
are blocked with dams placed every 0.2 m in the slope decline. 

2.1.3 Estimation of the volume of gained water retention 

The approach for quantifying the increase in water storage in peatlands resulting from raising the water 
level in drainage ditches used in ServiPeat involves implementation of MODFLOW, a well-established 
hydrological model developed by the U.S. Geological Survey for simulating three-dimensional saturated 
groundwater flow (Harbaugh, 2005; Harbaugh et al., 2017). In this application, MODFLOW is employed 
in a two-dimensional vertical cross-section, oriented perpendicular to the ditch axis. The conceptual 
model represents a layered peat profile underlain by a mineral layer, with recharge from precipitation 
applied at the surface and outflow occurring laterally through the peat and into the ditch. The model 
domain is discretized into a grid of rectangular cells, with variable horizontal resolution, finer near the 
ditch and coarser farther away, to capture the steep gradients of the groundwater table. Depending on 
the local drainage layout, the modelled cross-section may represent either a single ditch or two parallel 
ditches. In both cases, the objective is to determine how much additional water can be retained within 
the peat profile once the groundwater table is raised closer to the surface through ditch regulation (Fig. 
2.7). 

 

Figure 2.7. Conceptual cross-section of a rewetted peatland showing groundwater table profiles 
before and after ditch regulation. The ditch is represented as a trapezoidal channel, and the peat and 

mineral layers are shown schematically. The increase in saturated thickness (increased storage) 
reflects the additional water retention achieved due to raised groundwater table following rewetting 

interventions. 

The water flow in peat relies on its hydraulic conductivity. In ServiPeat, the value of peat hydraulic 
conductivity used in the algorithm is dependent on the type of peatland chosen by the user (Fig. 2.8). 
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Figure 2.8. ServiPeat dialog window – selection of the peatland type. 

The hydraulic conductivity for an ombrotrophic bog and for a minerotrophic fen/fluviogenic mire was 
derived from a literature review (Tab. 2.2) as a mean value obtained from several studies. The hydraulic 
conductivity of a transitional mire was then calculated as the mean of the hydraulic conductivities of an 
ombrotrophic bog and a minerotrophic fen/fluviogenic mire (Tab. 2.3). 

Table 2.2. Literature review of hydraulic conductivities in peatlands. 

No. 
Peat 

type/land use 
Assigned 

peatland type 
Decomposition 

Depth 
[cm] 

Hydraulic 
conductivity 

[m d-1] 
Source 

1 
Drained fen, 

sedge, woody 
peat 

minerotrophic 
fen/fluviogeneous 

mire 
Decomposed 10-20 8.73 ∙ 10-1 

(Wang et 
al., 2021) 

2 
Sphagnum 

peat 
ombrotrophic bog 

Moderately 
decomposed 

with wood 
35-45 1.21 ∙ 10-1 

(Boelter, 
1968) 3 Woody peat 

minerotrophic 
fen/fluviogeneous 

mire 

Moderately well 
decomposed 

60-70 4.84 ∙ 10-1 

4 Sedge peat 
Moderately 

decomposed 
79-80 6.05 ∙ 10-3 

5 

Forestry-
drained 
peatland 

ombrotrophic bog 

- <30 1.94 

(Menberu 
et al., 
2021) 

6 - 30-60 1.46 ∙ 10-1 

7 - >60 3.57 ∙ 10-1 

8 

Drained 
peatland for 
agriculture 

minerotrophic 
fen/fluviogeneous 

mire 

- <30 4.58 ∙ 10-3 

9 - 30-60 2.31 ∙ 10-3 

10 - >60 5.05 ∙ 10-3 
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11 
Drained 
blanket 

peatland 
ombrotrophic bog 

- - 8.53 ∙ 10-1 
(Wallage 
& Holden, 

2011) 

12 
Drained raised 

bog 
- - 2.22 ∙ 10-3 

(Regan et 
al., 2019) 

Table 2.3. Hydraulic conductivities used in the ServiPeat algorithm. 

Peatland type Hydraulic conductivity [m ∙ d-1] 

ombrotrophic bog 0.539 

transitional mire 0.399 

minerotrophic fen/fluviogeneous mire 0.229 

 

The amount of possible water gain is highly dependent on physical parameters of peat, especially 
specific yield of the peat. The mean specific yield (Sy) value of 0.20 was implemented into the ServiPeat 
algorithm, based on the literature review (Tab. 2.4). Specific yield values of undecomposed peat and 
pristine peatlands were not included, because ServiPeat scenario involves drained peatlands, with 
degraded peat.  

Table 2.4. Literature review of specific yields in peatlands. 

No. Peat type/land use Decomposition 
Depth 
[cm] 

Sy [-] Source 

1 Sphagnum moss peat 
Moderately decomposed with 

wood inclusions 
35-45 0.23 

Boelter 
(1968) 

2 Woody peat Moderately decomposed 35-45 0.32 

3 Woody peat Moderately well decomposed 60-70 0.19 

4 Herbaceous peat Slightly decomposed 25-35 0.57 

5 Herbaceous peat Moderately decomposed 70-80 0.12 

6 Decomposed peat Well decomposed 50-60 0.08 

7 Decomposed peat Well decomposed - 0.063 
Fahle & 
Dietrich 
(2014) 

8 
Sphagnum moss peat, 

ombrotrophic bog 

Slightly humified between 10-
20 cm below the surface; 

humification increased toward 
the catotelm, with highly 

decomposed peat for some 
sites to slightly to moderately 

decomposed peat 

Mean 
from a 

1 m 
soil 

profile 

0.59 
Bourgault 

et al. 
(2017) 
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9 
Sphagnum moss peat, 

cutover bog 
- - 0.048 

Price 
(1996) 

10 Sphagnum moss peat Slightly humified (H2-3) 10-30 
0.11-0.17; 
av. 0.14 

Price 
(2003) 

11 Sphagnum moss peat Moderately humified (H3-4) 0-40 
0.11-0.13; 
av. 0.12 

12 Sphagnum moss peat Strongly humified (H6-7) 0-35 
0.05-0.1; 
av. 0.08 

13 
Drained restored 

peatland 
- 0-30 0.38 

Menberu 
et al. 

(2021) 

14 
Forestry-drained 

peatland 

- 0-30 0.21 

15 - 30-60 0.21 

16 

Drained peatland for 
agriculture 

- 0-30 0.11 

17 - 30-60 0.14 

18 - >60 0.19 

19 

Peat extraction 

- 0-30 0.15 

20 - 30-60 0.11 

21 - >60 0.19 

 

2.2 Estimation of costs of ditch blocks  

The estimation of costs of ditch blocks must be done manually by the user, as costs of ditch block 
construction strongly depend on the geographic location of planned measures, countries, types of ditch 
blocks planned and inflation rate. The costs are provided in the ServiPeat tool after the algorithm 
calculations are performed, by clicking the button “See rewetting costs”. The costs are derived from 
Stachowicz et al. (2022) (Tab. 2.5). One action is considered a single investment (e.g., one ditch block) 
of a particular type (e.g., wooden dam; peat dam). 

Table 2.5. Estimated peatland rewetting costs based on available data from public procurement 
procedures of peatland rewetting. Source: Stachowicz et al. (2022) 

Country Location 
(type of 

peatland) 

Year of 
action 

Type of action Total cost 
of one 
action 
[EUR] 

Poland Słowiński NP 
(bog) 

2021 Blocking of a small ditch (+/- 2.0 m) with 
bags filled with peat and strengthened by 

wood 

90 

Poland Słowiński NP 
(bog) 

2021 Wood-peat block of a small ditch (+/- 2.0 
m) 

400 

Poland Słowiński NP 
(bog) 

2021 Wooden sheet pile 1500 
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Poland Słowiński NP 
(bog) 

2019 Wood-peat block + double sheet pile of a 
small ditch (+/- 2.0 m) 

1200 

Poland Słowiński NP 
(bog) 

2019 Wood-peat block + double sheet pile of a 
small ditch (+/- 2.0 m) 

1150 

Poland Słowiński NP 
(bog) 

2019 Damming spillway of a ditch 900 

Poland Słowińskie 
Błota 

(bog/fen) 

2017 Damming large ditches (+/- 5.0 m wide) 
with various types of blocks (averaged 

value) 

1500 

Poland Bagno 
Kusowo (bog) 

2017 Solid wood-peat ditch blocks 1850 

Lithuania Aukštumala 
Peatland 

(bog) 

2016 Damming drainage ditches 

1) peat dams (1.0-1.5 m), 

2) plastic dams (1.0-2.0 m wide, 2 m deep) 

3) composite dams with water outflow pipe 
(mixed peat-plastic, geotextile, water tube, 

elbow for water level regulation, timber 
logs; 10 m long, 5 wide) 

 

1) 50 

2) 80 

 

3) 3000 

 

 

Lithuania Sachara 
Peatland 

(bog) 

2020 Damming drainage ditches 

1) peat dams (1,0-2,0 m) 

2) plastic dams (4-10 m wide, 3 m deep) 

 

1) 150 

2) 1580 

Lithuania Žuvintas 
Biosphere 

Reserve (fen) 

2021 Damming hand dug ditches (2 m wide). 1 
Dam with culvert (metal pipe) and water 

level regulation by pulling metal plates 5 m 
length, 3 m wide 

3630 

 

Belarus Dziki Nikar 
(fen) 

unknown Damming drainage ditches with peat dams 300 

Belarus Dzikoje (fen) unknown Damming drainage ditches with peat dams 430 

Belarus Solomenka 
(fen) 

unknown Damming drainage ditches with peat dams 
and wooden dams 

1120 

AVERAGE 1114 

2.3 Greenhouse gasses 

2.3.1 Introduction 

Wetlands in the accumulation phase act as a greenhouse gas (GHG) storage through photosynthetic 
assimilation of carbon dioxide from the atmosphere and sequestration of C in organic matter (Brix et al., 
2001). However, natural, well-hydrated wetlands are also a source of greenhouse gases, mainly 
methane. Annually, only a dozen or so percent of the net carbon bound by wetlands can be released 
into the atmosphere as methane. Due to both gases' different infrared absorption characteristics and 
atmospheric persistence, methane's global warming potential (GWP) is around 28-30 times greater by 
weight than CO2 over a 100-year time scale, but its shorter atmospheric lifetime means its impact is far 
greater over 20 years (GWP20), where it can be 80+ times stronger than CO2.The instantaneous carbon 
balance indicates that while some wetlands function as net sinks of CO2, they still increase the 
greenhouse effect due to the release of CH4. However, in the longer-term (>100 years), the impact of 
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CH4 is lower than that of CO2, and wetlands become an effective trap for greenhouse gases. The 
balance between net CO2 assimilation and CH4 emissions shows whether a wetland can be considered 
a sink or a net source of greenhouse gases and thus defines the role of wetlands as a regulator of global 
climate change. A peatland in the accumulation phase increases its carbon pool each year. Still, this 
process varies in intensity depending on various environmental settings. In general, peatlands 
accumulate less carbon in higher latitudes and more in the equatorial zone, and these values range 
from 10-30 g C m-2year-1 to even over 200 g C m-2year-1. The situation changes drastically after the fen 
is drained. Reducing soil water content increases the activity of microorganisms decomposing organic 
matter under aerobic conditions, which leads to its mineralization and disappearance and the release of 
carbon dioxide and nitrous oxide (nitrous oxide) into the atmosphere. Every year, 50.9 Mha of peatlands 
drained worldwide for forestry, crops, or grassland emit ~ 2 Gt of carbon dioxide due to microbial 
oxidation of peat, or fires, causing ~ 5% of all anthropogenic greenhouse gas emissions. Indonesia's 
peatlands release the most carbon dioxide - even more than 500 Mt CO2 per year. European Union 
peatlands emit ~ 200 Mt CO2/year; Germany is the largest issuer in the EU, followed by Finland, Poland, 
Ireland, Romania, Sweden, Latvia, Lithuania, and the Netherlands. Polish drained peat soils used for 
agriculture or forestry are the source of about 34 Mt eq. CO2 and peat mines add 1.9 Mt of eq. to this 
pool (Kotowski, 2021). Emission factors (EFs) by IPCC are commonly used to assess the amount of 
greenhouse gas emissions from wetlands. Regrettably, the EFs are sometimes too generalized and do 
not always reflect the subtleties and differences in CO2 emissions related, for example, to the drainage 
depth of a peat complex (Tiemeyer et al., 2020). GHG emission is not simply linked to the depth of 
drainage, the depth of peat, and soil organic matter content. A review of the literature on emissions from 
organic soils provides various, often contradictory, data. E.g., Jurczuk (2011) indicated an almost linear 
relationship between the depth to water in the range of 30-70 cm and the amount of soil organic mass 
mineralization, and Renger et al. (2002) demonstrated that a drop in the water level from 0.3 to 0.8 m 
has doubled the emissions. However, searching for general patterns, Tiemeyer et al. (2020) concluded 
that lowering the groundwater level below 0.40-0.60 m does not always involve a drastic increase in 
CO2 emissions. Often, the intensity of the C loss only slightly increases or even stabilizes by the depth 
of 60-70 cm (Mundel, 1976). A decrease in water level is necessary but not sufficient for the linear 
increase in GHG flux.  

Substantial variability among sites with similar groundwater depth suggests that there are secondary 
factors - such as management practices that significantly modulate emissions. Fertilization, for instance, 
may accelerate peat mineralization and microbial activity, amplifying CO₂ losses even under comparable 
hydrological regimes. 

The amount of carbon dioxide emissions results directly from the presence of decomposing organic 
matter. However, the organic matter content in soil is not a crucial factor. Soils with SOC content ~ 5% 
can emit as much GHGs as histosols (Tiemeyer et al., 2016). 

The emission should be linked to habitat fertility (although there are also many contradictory data here). 
The intensity of soil respiration conditioned by fertility, pH, nitrate content, and peat decomposition rate 
has been shown to affect soil respiration (Norberg et al., 2018). Despite all the reservations and 
uncertainties, we accepted a mean annual water level as a sufficient explanatory variable for GHG fluxes 
(Couwenberg et al., 2011). While the generalized statistical relationship between groundwater level and 
GHGs emission is highly uncertain at the small scale, it can be considered robust at the regional scale. 

2.3.2 Carbon dioxide and methane 

ServiPeat integrates ORCHIDEE-PEAT Land Surface Model results to estimate potential changes in 
CO2 and CH4 emissions following peatland rewetting. These changes are quantified based on the 
modelled relationship between groundwater table and GHG fluxes.  

ORCHIDEE-PEAT is a specialized version of the ORCHIDEE model (Organizing Carbon and Hydrology 
In Dynamic Ecosystems), developed to simulate carbon cycle processes in peatlands (Qiu et al., 2018). 
In ServiPeat, ORCHIDEE-PEAT is applied using a simplified, scenario-based approach. Full model 
simulations were previously performed for a range of hydrological conditions, and the resulting outputs 
were synthesized into a generalized relationship that links groundwater table depth to expected GHG 
emissions. 

ORCHIDEE-PEAT model outputs provide CO2 an CH4 emission estimates for multiple time horizons 
following drainage (e.g. 1, 5, 10, up to 50 years). For ServiPeat applications, CO2 emissions 
corresponding to one year after drainage were selected, while CH₄ emissions were represented by the 
mean value across all simulated years (Fig. 2.9). This selection was based on published literature and 
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available in-situ measurements from peatlands, as these values best reflect typical post-drainage 
emission conditions observed in the field. The estimated changes in CO₂ and CH₄ emissions resulting 

from rewetting are subsequently converted into CO₂ equivalents (CO₂eq) to enable a consistent 
assessment of the overall GHG balance. We wanted to avoid overestimation of ecosystem services 
related to peatland rewetting, so it should be noted that used emission factors are conservative and 
represent mean values across different land-uses. 

The DNDC Land Surface Model (Li, 1996) was also considered for implementation in the ServiPeat tool. 
However, ORCHIDEE-PEAT was ultimately selected due to its specific adaptation to peatland 
ecosystems and its ability to produce results that most closely matched field observations. 

 

Figure 2.9. Relationship between CO2 (1 year after drainage) and CH4 (mean from 50 years after 
drainage) emissions and groundwater table, based on the ORCHIDEE-PEAT model. 

2.4 Assessing the biochemical effects of wetland restoration 

2.4.1 Soil indicators 

Effective soil quality indicators are attributes that allow for a relatively accurate assessment of changes 
in the soil environment under the influence of human activity (Fennessy & Wardrop, 2016). A good and 
robust indicator must possess the following features: 

• It is relatively easy and inexpensive to measure. 

• It is sensitive to environmental changes caused by disturbances and anthropogenic stress. 

• It reflects well the intensity of anxiety or disturbances. 

• It reflects well and is related to ecological processes. 

• It is not susceptible to seasonal changes.  

The "three-tier framework" approach organizes indicators hierarchically according to the effort they 
require. Indicators range from cheap, routine measurements to intensive chemical and biochemical 
tests. 

Level 1 - quick and straightforward indicators to assess the condition 

This is basic information about the physical and chemical properties of soils, easy to measure and 
interpret. These include pH, bulk density, electrical conductivity, total organic carbon, nitrogen, 
phosphorus, C: N: P ratio, extractable nutrients, etc. 
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Level 2 - moderate-intensity indicators 

They require more advanced field and laboratory methods, have greater sensitivity, and provide better 
insight into disturbed ecosystem processes and functions. Many indicators have been developed for P 
enrichment evaluation. These include, for example, extractable and porewater nutrients, measurements 
of the biomass of microorganisms, and the content of C, N, P in the biomass of microbes. An interesting 
approach is assessing soil saturation by P, fractionation of phosphorus compounds, and determining 
the amount of easily digestible P, which can be released after restoration (rewetting) and, consequently, 
changing redox conditions. 

Level 3 - intensive indicators. 

They are based on detailed biological and chemical information. They refer to the composition of 
microorganisms, the rate of microbiological processes, enzymatic activity, soil and C accretion rates 
using the Cs-137 isotope, etc. 

Soil indicators are an essential component of restoration and mitigation activities. Easily measurable 
parameters are beneficial, which provide insight into the ecological status of a restored wetland and 
assess the transformation of nutrients and conditions for the development of plant communities. Such 
indicators may be soil organic C and N, bulk density, pH. The bulk density can be an integrated measure 
of the organic C content and porosity and is related to biochemical processes such as denitrification, 
plant biomass production, and microbiological activity. Soil C and N show strong relationships with a 
whole range of diverse and sometimes difficult-to-measure ecosystem processes (Fennessy & Wardrop, 
2016). 

Looking for a simple indicator that could be useful for assessing changes in wetland habitats following 
rehydration, we focused on pH and the C to N ratio. These two simple-to-perform measures turned out 
to quite accurately reflect the trophic changes that will occur in histosols after their rewetting. 

2.4.2 Threat from internal eutrophication caused by the release of 

readily available P from soils 

Rewetting peatlands (histosols) and restoring wetland buffer zones are often considered primary 
measures to support local biodiversity and mitigate nonpoint agricultural pollution. However, after 
rewetting, peat soils can be a significant source of nutrients, which sometimes restricts the expected 
restoration effect (Cabezas et al., 2013). Rewetting wetlands that were previously used for agriculture, 
intensive grasslands, or croplands could lead to the release of soil phosphorus and cause eutrophication 
of soil, groundwater, and adjacent watercourses (Banaszuk et al., 2011; Smolders et al., 2006). Studies 
suggest that phosphorus concentration in soil pore water can be up to three orders of magnitude higher 
than under natural conditions (Zak et al., 2008). Estimating the duration of P release is complex, and 
the reoxidation and readsorption of P at the redox boundary should be critical environmental factors in 
mitigating the water pollution problem (Banaszuk et al., 2016). 

The long-term agricultural use of histosols may result in total phosphorus (TP) accumulation, which in 
the top 50 cm layer of soils can range from 50 to over 300 g P m-2. A significant part of phosphorus 
occurs in compounds with metal oxides, forming redox-sensitive phosphorus with variable dynamics. 
Soil anoxia that will arise in the peat after rewetting at low oxygen supply can cause dissolution of 
reductive Fe (III) compounds, leading to a high discharge rate of Fe (II) and P. Therefore, a significant 
P release is expected, potentially reaching 6 g P m2, followed by severe ground- and surface-water 
pollution (Banaszuk et al., 2025). Elevated release of P and its export to adjacent watercourses is 
expected for nutrient-rich rewetted peatlands whose upper soil layers are built of highly decomposed 
peat where molar Fe:P ratios are less than 10 (Zak et al., 2010). 

Soil eutrophication can promote the development of fast-growing generalist vegetation species, mainly 
Phragmites australis and Typha sp., rather than the plant composition targeted by restoration planners 
(Kreyling et al., 2021). Nonetheless, these new rewetted ecosystems may provide some services 
comparable to those of pristine wetlands, and nutrient export from regular harvesting under paludiculture 
management reduces the risk of nutrient loss to open waters. 

Lab analyses revealed a clear relationship between soil pH, the C:N ratio, and the amount of redox-
sensitive phosphorus. Fluviogeneous mires with pH close to neutral and a lower C: N ratio have a 
substantially higher pool of mobile phosphorus than acid, raised bogs. Thus, two parameters, C:N and 
pH, could be successfully used as a proxy to assess the phosphorus eutrophication potential of rewetted 
peatlands. 
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For the purposes of this manual, developed for practitioners, potential phosphorus flux is calculated from 
soil pH. The relationship was developed for peatland, situated in lake basins and river valleys (Fig. 2.10). 

 

Figure 2.10. Relation between the emission of total reactive phosphorus and pH of the topsoil 
(R2=46.4, p<0.05). Source: TBA. 

The equation of the fitted model used in the ServiPeat approach is: 

Predox = (6.186 − 26.781/pHH2O)
2    (Eq. 2.7) 

Important note. Soil pH as a proxy for estimating the amount of redox-sensitive P released after wetland 
rewetting is highly site-specific and quite reliable in Fe-rich wetlands (e.g. fluviogeneous and some 
soligenous peatlands developed on Quaternary deposits) and it fails in alkaline calcium-rich peatlands. 

2.4.3 Release of mineral N from rewetted wetlands 

Decomposition of organic matter in the upper layers of drained histosols alters soil nitrogen cycling, 

causing mineralization of organic N and the build up of mineral forms - especially nitrate (N–NO₃). After 

rewetting, these readily soluble nitrate pools may be mobilized and exported, leading to a pronounced 
but typically short term nitrate load.  

The size of the mineral nitrogen pool (N_min) is highly site specific and controlled by hydrometeorology, 
peat properties, and past land use and management intensity. Reported annual nitrogen mineralization 

rates in drained histosols range from ~140 to >350 kg N ha⁻¹ in the upper 20 cm, and rates decline as 

groundwater levels rise.  

For practical use in ServiPeat, soil pH is employed as a proxy to estimate the potential nitrate pool in 
drained, agriculturally used histosols with an average groundwater depth of ranging from 30 to 40 cm. 
This simplified approach supports a conservative, indicative assessment of nitrate release risk following 
rewetting and should not be interpreted as predictive at site scale. 

In planning terms, the initial nitrate export is expected to be highest soon after rewetting and to decline 
in subsequent years, though persistence depends on local conditions and management.  

To assess how soil pH can serve as a proxy of the nitrate nitrogen pool (N-NO₃ [g m⁻²]) in drained 

histosols, we fitted a 4-parameter logistic model to quantify this relationship: 

         𝑦 =
𝐿

1+𝑒−𝑘(𝑥−𝑥0)
+ 𝑏      (Eq. 2.8) 

With estimated parameters: 

𝐿 = 18.2864; 𝑥0 = 5.4370; 𝑘 = 5.7235; 𝑏 = 0.7187 
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Figure 2.11. Nonlinear response of nitrate nitrogen (N–NO₃, g m⁻²) to peat pH (H₂O) across peatland 

types. Bog sites (triangles) occur at lower pH and are characterised by consistently low nitrate levels, 
whereas transitional (squares) and fluviogenic peatlands (circles) show higher pH values and 

markedly higher nitrate pools. A 4-parameter logistic model (solid line) indicates a threshold-type 

increase in N–NO₃ with a rapid rise around pH ≈ 5.4. Shaded areas represent the 95% confidence 

band (mean response) and 95% prediction band (expected variability of individual observations). 

The fitted model (Fig. 2.11) explained a substantial proportion of the observed variability (R² = 0.65, n= 

26), suggesting that pH is a determinant of N–NO₃ stocks, while also suggesting additional site-specific 

controls. Model parameterisation revealed a well-defined inflection point at pH = 5.44 (±0.15 SE;), 

representing the pH at which nitrate increased most rapidly, and highlighting a distinct transition from 

nitrate-poor to nitrate-rich conditions. At low pH (<~5.1), corresponding primarily to bog sites, N–NO₃ 

values remained close to the lower asymptote (b = 0.72 g m⁻²), reflecting consistently low nitrate pools 

under acidic conditions. In contrast, with increasing pH above the inflection point, N–NO₃ rose sharply 

and approached an upper plateau of approximately 19 g m⁻².  

Important note. The use of soil pH as a proxy for nitrate release risk is site specific. The approach 
performs best in formerly drained, agriculturally influenced histosols and may be less reliable in systems 
with atypical geochemistry or hydrology. Local factors such as groundwater discharge, soil structure, 
vegetation, and management history can substantially modify nitrogen dynamics. Therefore, proxy 
based estimates should be complemented with site specific data whenever rewetting is expected to 
influence downstream water quality. 

From a planning perspective, the highest nitrate export is expected shortly after rewetting, when 
accumulated mineral nitrogen is flushed from the soil profile. In subsequent years, nitrogen losses 
typically decline as mineral nitrogen pools are depleted and biogeochemical conditions stabilize. 

To assess the annual amount of nitrogen losses from peat soils, ServiPeat adopts a simplified, 
conservative relationship between groundwater table depth and mean annual nitrogen leaching, 
following Joosten et al. (2015). This approach reflects general patterns observed at regional scale and 
is intended for indicative planning purposes rather than site specific prediction. Mean annual nitrogen 
losses range from approximately 20 kg N ha⁻¹ yr⁻¹ in grasslands with an average groundwater depth of 

about –50 cm, to around 5 kg N ha⁻¹ yr⁻¹ in tall reed systems with groundwater levels close to –5 cm. 

In pastures with an average groundwater depth of approximately –10 cm, an additional 5 kg N ha⁻¹ yr⁻¹ 
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should be considered. Moreover, in sites affected by groundwater discharge (upwelling), nitrogen losses 

may be higher by approximately 20 kg N ha⁻¹ yr⁻¹ due to increased throughflow. 

2.5 Biodiversity  

The biodiversity module in ServiPeat provides a simplified estimate of potential species richness change 
in response to rewetting. It is based on results from the BioScore modelling framework (Hendriks et al., 
2016), upgraded within the WET HORIZONS project, WP4, Task 4.2, which quantified how wetland 
species respond to environmental drivers. 

In ServiPeat, we specifically incorporate the relationship between groundwater table depth and the 
potential species richness of selected taxonomic groups: 

▪ vascular plants, 

▪ mosses, 

▪ birds. 

These relationships were derived from species distribution models (SDMs), species occurrence data 
and environmental variables across Europe. Among all environmental predictors, groundwater table 
emerged as a key hydrological driver of species occurrence, especially for vascular plants and birds. 

One of the BioScore outputs is a relative species richness value. It is calculated by aggregating the 
probabilities of occurrence for individual species and normalizing the result by the total number of 
species. The value ranges from 0 (lowest richness) to 1 (highest potential richness). For use in 
ServiPeat, a generalized relationship between species richness and groundwater table depth in 
wetlands was derived (Fig. 14). ServiPeat expresses the change in species richness associated with 
different groundwater table depths as a percentage, indicating how rewetting may affect the potential 
number of species. This reflects the typical response of selected taxonomic groups to groundwater 
conditions. 

 

Figure 2.12. Relationship between relative species richness and depth to groundwater table, based 
on the BioScore model. 
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2.6 Estimation of ecosystem services  

The value of ecosystem services is calculated automatically by the ServiPeat algorithm using the tool’s 
results. The tool estimates the value of gained water storage using a coefficient of 0.53 EUR m⁻³ yr⁻¹ 
calculated on the basis of reservoir construction costs (Grygoruk et al., 2013) and evaluates the 
reduction in greenhouse gas emissions based on the average annual EU carbon permit price, assumed 
here as 75 EUR tCO₂⁻¹. Other studies found a very similar mean value of water storage of 0.51 EUR 

m⁻³ yr⁻¹ (Stachowicz et al., 2022). The estimated value is then adjusted (reduced) by the cost of potential 

nitrogen release (25 EUR kg⁻¹) (Collins & Gillies, 2014) and phosphorus release (82 EUR kg⁻¹) (Bashar 
et al., 2018), estimated based on water remediation costs. These values of nitrogen and phosphorus 
remediation costs are also divided by 40, based on a depreciation rate of hydrotechnical structures in 
EU (2.5%) (Strzęciwilk & Grygoruk, 2025), in order to achieve a unit of EUR kg⁻1 yr⁻¹. 

2.7 No-regret measures (best management practices) 

ServiPeat provides a list of no-regret measures, including recommended target land-uses and actions, 
developed within the WET HORIZONS project, WP4, Task 4.4, which are based on peatland type and 
land use. They are available for the user after the algorithm performs its calculations. No-regret 
measures can be described as best management practices at drained and rewetted peatlands, including 
recommended target land-uses, actions and interventions that facilitate successful restoration and 
ensure the long-term outcomes. These measures are designed to be applicable across a wide range of 
site conditions, including situations where full rewetting is not feasible. 

Table 2.6 presents no-regret measures that can be implemented after rewetting to optimize ecological 
outcomes and maintain hydrological stability. These include vegetation management, biomass 
harvesting and introduction of functional species. Recommendations are tailored to both land use and 
rewetted peatland type. 

There are also several practices that are not recommended for any peatland restoration site, which are 
mentioned to the user. These include: 

▪ deepening of drainage ditches or subsurface drains, 

▪ continued use of drainage, fertilizers or pesticides,  

▪ implementation of shallow drainage systems (e.g. for site management or dry biomass 

harvesting), 

▪ intensive topsoil removal leading to excessive carbon loss, 

▪ vegetation restoration goals that contradict natural succession and site-specific conditions (e.g. 

attempting to establish bog vegetation on a former bog with groundwater inflow and alkaline 

residual peat),  

▪ creation of large open water bodies or summer flooding, which can result in erosion, increased 

methane emissions, and nutrient accumulation. 
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Table 2.6. No-regret measures at rewetted peatlands, depending on the peatland type and land use. 

 

Peatland 
type 

Land use 

Forest land Arable land Grassland 
Unutilized degraded 

land 
Peat extraction site Residential area 

Rewetted organic 
soil 

Rewetted 
peatlands in 

general 
 

Remove timber 
biomass prior to 

rewetting 

Paludiculture to 
remove nutrients 

Shallow topsoil 
removal 

Paludiculture in 
case if reedland (or 

similar) 

Seasonal water 
management - no 

ponding water 

Avoid summer 
flooding 

Avoid summer 
flooding 

Establish wet forest 
or manage keep 
vegetation open 

Buffer zones 
helophytes to 

capture nutrients 

Introduce functional 
species 

Establish wet forest 
or manage keep 
vegetation open 

Introduce functional 
species 

Seasonal water 
management to 

allow management 
(mowing) during 

summer 

Consider introducing 
functional species 

Avoid summer 
flooding 

Seasonal water 
management - avoid 

summer flooding 

Paludiculture to 
remove nutrients 

Introduce functional 
species 

Consider water 
storage above the 

surface 

Recirculate/re-use 
water when pumped 
away from houses 

NA 

Introduce functional 
species 

NA 
Avoid summer 

flooding 
Re-establish natural 

dynamics 

Periodic tree 
removal (or sporadic 

mowing) - avoid 
forest development 

unless wet 
wilderness is the 
goal specifically 

NA NA 

Re-establish natural 
dynamics 

NA NA NA NA NA NA 

Fen 
 

Alder establishment Alder establishment 

Wet biomass 
harvest/removal 

other than 
paludiculture 

See forest because 
its mostly shrubby 

Fen species 
establishment 

Peat Wadi's - 
Green-spaces & 
education: create 

small wet areas with 
typical fen species 
and avoid standing 

water 

Monitor shrub 
development and 
prevent it, where 

possible 
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Keep eutrophic 
wilderness 

Keep eutrophic 
wilderness 

NA 
See forest because 
its mostly shrubby 

Paludiculture lower 
nutrient species 
(Reed, Sedges) 

NA 

If conditions are too 
eutrophic, consider 

vegetation 
management 

Bog 

Tree / sapling 
removal 

Wet biomass 
harvest other than 

paludiculture 

Low intensity 
grazing (heathland 

development) 

See forest because 
its mostly shrubby 

Sphagnum 
reestablishment 
combined with 

mowing / transitional 
fen species 

establishment (if 
deepest layer is fen 

peat) 

Bog Wadi's - Green-
spaces & education: 

create small wet 
areas with typical 

Sphagnum species 
and heather 

Monitor mosses 
development in 
blocked  ditches 

Sphagnum 
reestablishment 

NA 

Sphagnum 
reestablishment 
combined with 

mowing 

See forest because 
its mostly shrubby 

Reshaping 
topography (reduce 
elevation differences 

coming from peat 
cutting) 

NA NA 

Transitional 
mire 

Increase 
groundwater inflow, 
when appropriate 

Increase 
groundwater inflow, 
when appropriate 

NA 
See forest because 
its mostly shrubby 

Fen species 
establishment 

Peat Wadi's - 
Green-spaces & 
education: create 

small wet areas with 
typical fen species 
and avoid standing 

water 

Monitor shrub 
development and 
prevent it, where 

possible 

NA NA 
Increase 

groundwater influx 
See forest because 
its mostly shrubby 

Paludiculture lower 
nutrient species 
(Reed, Sedges) 

NA 

If conditions are too 
eutrophic, consider 

vegetation 
management. 
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3 User workflow 

This chapter explains the step-by-step process that guides users through submitting information about 
their peatland site. The workflow ensures that all required data are provided for generating tailored 
outputs to support rewetting planning in ServiPeat. 

3.1 Peatland name 

In the first step, the user is asked to provide the name of their peatland. The name will be later displayed 
in the generated report with results (Fig. 3.1). 

 

Figure 3.1. ServiPeat dialog window – entering peatland name. 

3.2 Ditch condition 

The next step requires selection of the condition of the ditch (or ditches) in the user’s peatland (Fig. 3.2). 
There are three options to choose from: good for a well-maintained ditch, moderate for a scarcely 
maintained ditch and poor for a non-maintained ditch. If more than one ditch is present in the system, 
the calculations are performed for the area between two ditches and are based on the geometry of a 
single ditch. Therefore, the condition selected by the user should be representative of the majority of 
ditches. The parameters defined by the ditch condition and used by the algorithm are explained in 
Chapter 2.1.2. 

 

Figure 3.2. ServiPeat dialog window – selection of the ditch condition. 

3.3 Peatland type 

In the next step, the user selects the hydrological type of their peatland: ombrotrophic bog, transitional 
mire or minerotrophic fen/fluviogeneous mire (Fig. 3.3). The parameters defined by the peatland type 
are explained in Chapter 2.1.3. 
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Figure 3.3. ServiPeat dialog window – selection of the peatland type. 

3.4 Number of ditches in the system 

Another step determines the calculation path, which depends on the number of ditches in the system to 
be rewetted. One path is applied when only a single ditch is present in the system. The other path is 
applied when more than one ditch occurs (Fig. 3.4).  

 

Figure 3.4. ServiPeat dialog window – selection of calculation path that depend on the number of 
drainage ditches in the system to be rewetted. 

In the case of a multiple-ditch system, it should be 
noted that the calculations represent the 
conditions between two ditches and use the 
geometry of a single ditch only. If more ditches are 
present, the results need to be multiplied 
accordingly by the user in order to estimate the 
total effect for the entire system. Moreover, other 
parameters specified by the user in the next steps 
that relate to the ditch should be representative of 
the majority of ditches present in the system. 
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3.5 Land use 

In the next step, the current land use of the peatland needs to be specified by the user. There are seven 
land-use categories available for selection: forest land, arable land, grassland, residential area, drained 
unutilized land, peat extraction and rewetted organic soil (Fig. 3.5). 

 

Figure 3.5. ServiPeat dialog window – land-use selection. 

 

3.6 Depth of the ditch 

The next step is to specify the depth of the ditch, defined as the distance between the ditch edge and 
its bottom (Fig. 3.6). Recommended input range is between 0.2 and 3 metres. This range reflects typical 
ditch depths observed in drained peatlands and ensures that the calculations remain within 
hydrologically realistic limits.  
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Figure 3.6. ServiPeat dialog window for entering the depth of the ditch. 

3.7 Depth of water in the ditch 

The depth of water in the ditch is defined as the distance between the water table in the ditch and its 
bottom (Fig. 3.7). The user should enter a typical, average water depth in their ditch/ditches. The water 
depth in the ditch should be at least 40 cm lower than ditch depth. Higher water levels would indicate 
that the ditch is already nearly full, in which case additional damming or rewetting would have little 
practical effect on raising the groundwater table. Therefore, such values are not permitted by the 
algorithm. 
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Figure 3.7. Schematic illustration showing the water depth in the ditch. 

3.8 Distance between ditches  

This applies ONLY in the path with more than one ditch. The user enters the ditch spacing, which is 
defined as the distance between the ditches in their system (or an average distance if more than two 
ditches are present) (Fig. 3.8). 

 

Figure 3.8. ServiPeat dialog window for entering the average distance between ditches in the 
peatland to be rewetted. 

3.9 Peat pH 

In the next step, the peat pH is specified by the user (Fig. 3.9). The pH value is automatically pre-set 
based on the selected peatland type and reflects typical values for different peatland categories. 
However, the user has the possibility to adjust this value according to their own measurements. Pre-set 
peat pH values are 4.5, 5.5 and 6.3 for an ombrotrophic bog, a transitional mire and a minerotrophic 
fen/fluviogeneous mire, respectively. 
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Figure 3.9. ServiPeat dialog window for entering the peat pH. 

3.10 Distance from the bottom of the ditch to the bottom of 
the peat layer 

The distance from the bottom of the ditch to the bottom of the peat layer is another characteristic 
specified by the user (Fig. 3.10). This value represents the thickness of the peat beneath the ditch to 
the mineral layer. A realistic value is required to ensure that the model correctly represents peat storage 
capacity and groundwater fluctuations. If available, the depth of the peat layer should be taken from field 
measurements or geological surveys. 

 

Figure 3.10. Schematic illustration showing the distance from the bottom of the ditch to the bottom of 
the peat layer. 

3.11 Length of the ditch 

The user specifies the length of the ditch to be blocked (Fig. 3.11). In case of the path with more than 
one ditch in the system, the user enters the mean length of a single ditch. 
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Figure 3.11. ServiPeat dialog window for entering the length of the ditch to be blocked. 

3.12 Desired groundwater table 

In the next step, the user specifies the desired distance to the groundwater table in the middle of the 
peatland (Fig 3.12). In case of a single ditch, this value is the required depth at the ditch water divide. 
In case of a multiple-ditch system, located at the distance equal to L from each other, it is a desired 
groundwater depth in the midpoint between the ditches (L/2). The desired groundwater table depth 
needs to be higher than the current groundwater table. The user does not specify the current 
groundwater table, it is calculated by the algorithm based on the geometry of the ditch, depth of water 
in the ditch and other parameters entered by the user. The desired groundwater table should be within 
the range of 11.7 cm to 30 cm below the surface, as these depths are sufficient to support peatland 
functioning, particularly the growth of peat-forming vegetation (like Sphagnum in ombrotrophic bogs) 
and carbon balance (Koch et al., 2023; Lamentowicz et al., 2019; Liu et al., 2022; Poczta et al., 2026; 
Regan et al., 2020). The desired groundwater table is the final parameter specified by the user. 
Proceeding further leads the user to the model results. 

 

Figure 3.12. Schematic illustration showing how to specify the desired groundwater table. 

3.13 Results 

After specifying all required parameters, ServiPeat generates model outputs, related to rewetting 
planning, associated benefits and potential consequences (Fig. 3.13): 

▪ number of ditch blocks required, 

▪ recommended elevation of ditch blocks (m), 

▪ radius of rewetting influence (m), 

▪ area of rewetting influence (m2), 

▪ gained water storage (m3), 

▪ reduction in CO₂eq emissions (t), 
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▪ potential release of mineral nitrogen after rewetting (kg), 

▪ potential release of redox-sensitive phosphorus after rewetting (kg), 

▪ value of ecosystem services gained through rewetting (EUR/year), 

▪ potential change in biodiversity following rewetting (%). 

 

Figure 3.13. ServiPeat window with model outputs.  

At this stage, the user can also download the results as a PDF report by clicking the “Get report” button 
(Fig. 3.14). 
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Figure 3.14. Report generated from the ServiPeat calculations. 

3.14 Trade-off analysis 

After obtaining the model results, the user has an option to perform a trade-off analysis by clicking the 
“Use as a reference for a trade-off analysis” button. This feature enables the user to define the current 
set of model results as “Base scenario” and then run one or more alternative calculation paths 
(scenarios) to compare key outputs side by side. The trade-off analysis helps in evaluating how selected 
input variables influence the rewetting outcomes. 

In the trade-off analysis form, the user can adjust only four selected parameters (Fig. 3.15): 

▪ condition of the ditch, 
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▪ land use, 

▪ depth of the ditch, 

▪ desired groundwater table. 

 

Figure 3.15. ServiPeat window - trade-off analysis form. 

All other parameters remain fixed, as defined in the original reference scenario. Once a new scenario is 
submitted, the model generates updated results. A comparison screen then appears, presenting the 
“Base scenario” and the “New scenario” in two parallel columns, allowing for an easy and direct 
comparison of key indicators. The user can create and compare an unlimited number of scenarios, while 
the reference scenario remains unchanged throughout the session. Only the new scenario can be 
modified between comparisons. After performing the trade-off analysis, the user can download a new 
report comparing two scenarios (Fig. 3.16). 
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Figure 3.16. Report generated from ServiPeat calculations after performing a trade-off analysis. 

4 Stakeholder demonstrations 

As part of the Task 3.5, in order to present and promote ServiPeat DSS, as well as gather feedback, 
three stakeholder demonstrations were organized in project partner countries: Poland, the Netherlands 
and Finland. The sessions targeted landowners, restoration practitioners, researchers and policy 
stakeholders involved in peatland management.  

4.1 Poland 

The stakeholder demonstration in Poland was stationary and took place on the 21st of February 2026 
during an event in the Biebrza National Park (Fig. 4.1). The number of participants exceeded 40 people, 
including the management and employees of the Biebrza National Park, residents of the region, 
researchers and NGOs. There were several questions from the audience after the demonstration: 
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▪ “Is it possible to transfer or link the ecosystem services calculated in ServiPeat to financial 

subsidies for farmers?” 

▪ “Is it possible to certify ServiPeat?” 

▪ “What is the percentage share of costs associated with carbon within ecosystem services?” 

 

Figure 4.1. ServiPeat Stakeholder Demonstration in Poland. 

4.2 Finland 

The stakeholder demonstration in Finland was held online on the 25th of February 2026 (Fig. 4.2). The 
number of participants exceeded 20 people, including wetland managers, researchers and NGOs. There 
were several questions from the audience after the demonstration: 

▪ “The algorithm does not take into account different climatic conditions related to incoming 

water (precipitation or incoming surface flow). Would it be useful to include some indication 

of uncertainty in the results, for example how might the water table level differ between years 

with high versus low precipitation in the region?” 

▪ “Currently, the results seem to be in numerical format only. Do you have any plans to develop 

the tool to a spatial version? E.g., instead of the number of dams needed, also the optimal 

locations for them? Also, many parameter inputs vary spatially, so giving them as spatial 

data would make it more precise. But of course, the tool would become much more complex.” 

▪ “How much landowners and farmers trust the ServiPeat’s results?” 

▪ “The tool can be used in practice by showing the benefits of peatland rewetting and the value 

of ecosystem services”. 

▪ “How to cite ServiPeat?” 

▪ “Will ServiPeat be sustained beyond the end of the project?” 

 



Integration of land surface model results in  
decision support tool & meta model 

40 

 

 

Figure 4.2. ServiPeat Online Stakeholder Demonstration in Finland. 

4.3 The Netherlands 

The stakeholder demonstration in the Netherlands was held online on the 27th of February 2026 (Fig. 
4.3). The number of participants was 4 people, including wetland managers and researchers. There 
were several questions from the audience after the demonstration: 

▪ “The emission factors of GHGs are slightly underestimated, so the value of ecosystem 

services might be even higher.” 

▪ “We should consider the inflation rate for the value of gained water retention.” 

▪ “Would it be possible to add a spatial component, e.g. where the ditch blocks should be 

constructed?” 

▪ “Why the limit for the desired groundwater table is not set to the surface level?” 

 

Figure 4.3. ServiPeat Online Stakeholder Demonstration in the Netherlands. 



Integration of land surface model results in  
decision support tool & meta model 

41 

 

4.4 Conclusions from the demonstrations 

The stakeholder demonstrations conducted in Poland, Finland and the Netherlands provided valuable 
opportunities to present the ServiPeat DSS to diverse user groups and to collect practical feedback on 
its usability and potential applications. Across all sessions, participants represented land managers, 
researchers, NGOs, policy stakeholders and local communities involved in peatland restoration. The 
demonstrations highlighted a strong interest in the tool’s ability to support restoration planning, 
particularly in communicating benefits and informing funding or subsidy mechanisms. These interactions 
created a space for the improvement process, allowing the development team to identify priorities for 
future refinement. Stakeholder engagement will continue beyond the current demonstrations. ServiPeat 

is planned to be presented at the joint “Wetlands in Action” webinar, Session 6, expected to take 

place in May 2026, which will provide another opportunity to disseminate the tool and gather further 
feedback from the wider restoration community. 

5 Example scenarios 

To illustrate the functionality of the ServiPeat DSS, three test scenarios were developed based on sites 
representing contrasting environmental contexts: Friesland (the Netherlands), Biebrza (Poland) and the 
Koivupuro catchment (Finland). The input parameters were derived from published sources and 
management documentation, including ditch condition, peat type, ditch geometry, land use and soil 
properties (Tab. 5.1). The desired groundwater table was set at 12 cm in each case study. 

The Dutch case corresponds to an intensively managed fen under agricultural use with a dense drainage 
network. The Polish case reflects a transitional mire characterized by scarcely maintained drainage 
infrastructure and low-intensity land use. The Finnish site represents an ombrotrophic peatland under 
forestry management with relatively shallow ditch systems.  

Model results (Tab. 5.2) indicate clear differences in intervention needs, expected ecosystem service 
outcomes and associated costs. The Friesland scenario required the highest number of ditch blocks 
(29) and produced the largest hydrological response, with an estimated water storage gain of 4,541 m³ 
and a reduction of approximately 50 t CO₂eq per year. This translated into the highest indicative 
ecosystem service value (5,559 EUR per year). The unit cost per one ditch block in this case was 400 
EUR (wooden ditch block) (Stachowicz et al., 2022). The estimated rewetting costs were also the highest 
(11,600 EUR) and the scenario showed elevated nutrient release. 

The Biebrza scenario required fewer interventions (four ditch blocks), resulting in smaller but 

measurable hydrological and climate benefits, including an estimated water storage gain of 89 m³ and 

emission reduction of 2.2 t CO₂eq per year. With peat dams assumed (90 EUR per one ditch block), the 
restoration costs remained low (360 EUR), while nutrient release was comparatively moderate. 

The Finnish scenario showed intermediate outcomes. ServiPeat estimated 37 ditch blocks with a dam 
height of approximately 0.8 m and a rewetting influence radius of 7 m, resulting in a projected water 

storage gain of 1,740 m³ and an emission reduction of 18.8 t CO₂eq per year. Although peat dams were 

assumed, the higher number of interventions increased total costs (3,330 EUR). The indicative 
ecosystem service value reached approximately 2,314 EUR per year, while nutrient release remained 
relatively low, particularly for phosphorus. 

The results of the Dutch and Finnish cases should also be multiplied by the number of ditches in the 
system to achieve final estimation. It is also important to note that rewetting costs represent a one-time 
investment, while the estimated ecosystem service values are expressed on an annual basis. This 
means that, despite potentially high initial restoration costs, the benefits of ecosystem services can 
accumulate over time, improving the long-term cost-effectiveness of peatland rewetting. The test 
scenarios highlight strong variability in rewetting outcomes and costs across peatlands. These 
differences underline the importance of site-specific planning and cost–benefit analysis in peatland 
restoration. 
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Table 5.1. Input parameters for three case studies in the project partner countries. 

Country 
Site 

name 
Condition 

of the ditch 
Peat type 

Ditch 
depth 

[m] 

Water 
depth 
in the 
ditch 
[m] 

Soil 
pH 

Ditch 
length 

[m] 

Ditch 
spacing 

[m] 

Nr of 
ditches 

Peat 
thickness [m] 

Land 
use 

Source 

Netherlands Friesland 
Well 

maintained 
Fen 1.5 m 0.5 6.3 300 100 10 2 

Arable 
land 

(Weideveld et al., 2021) 

Poland Biebrza 
Poorly 

maintained 
Transitional 

mire 
0.8 0.31 5.5 424 -1 1 1.2 

Drained 
unutilized 

land 

(Operat ochrony zasobów 
wodnych Biebrzańskiego 

Parku Narodowego, 2023) 

Finland 
Koivupuro 
catchment 

Well 
maintained 

Bog 1 m 0.1 4.5 375 35 4 1.2 
Forest 
land 

(Stenberg et al., 2015) 

 

Table 5.2. Example results from ServiPeat for selected case studies. 

Country 
Nr of ditch 

blocks 
Ditch blocks 
elevation [m] 

Radius of 
rewetting 

influence [m] 

Gained 
water 

storage [m3] 

Reduction 
in CO2eq 
[T year-1] 

Value of 
ecosystem 

services 
[EUR year-1] 

Rewetting 
costs 
[EUR] 

Released 
mineral 
nitrogen 

[kg] 

Released 
phosphorus 

[kg] 

Netherlands 29 1 22 4541 50 5559 11600 602.6 106.2 

Poland 4 0.5 10 89 2.2 129 360 88.8 12.9 

Finland 37 0.8 7 1740 18.8 2314 3330 35.2 0 
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6 Policy and market applications of ServiPeat 

The preceding sections set out the structure, inputs and tested performance of ServiPeat as a spatially 
explicit tool for comparing peatland management options and their effects on greenhouse gas fluxes 
and wider ecosystem services. This section consideres how the model could be applied in policy and 
practice, with a focus on land emissions carbon taxes and carbon markets. These two instruments are 
often treated separately to price emissions (via fiscal instruments) and mobilise finance to restore 
peatlands (via voluntary markets). However, international evidence suggests that carbon pricing works 
best as part of a broader policy mix rather than as a stand-alone measure (Grubb et al., 2023), while 
voluntary markets can complement regulation by financing mitigation where public budgets are 
constrained, provided environmental integrity and accounting risks are managed (Kreibich & Hermwille, 
2021; Nolan et al., 2024). Drawing on the co-production and testing of policy options undertaken in 
Scotland through WP6, the discussion focuses on two instruments under development and in use 
nationally: a prospective land emissions carbon emissions targeting peatlands and the Peatland Code 
voluntary carbon market. These Scottish cases will then be used to draw lessons for other European 
jurisdictions facing similar challenges, where the ServiPeat tool could help facilitate more effective 
measurement, verification and reporting of emissions to meet both policy and market objectives. 

6.1 Peatland carbon taxes 

For a peatland carbon tax, ServiPeat could support the design and administration of liability baselines, 
more targeted monitoring, the design of relief structures that reflect non-linear emissions responses, 
and more transparent uncertainty handling. A first contribution of ServiPeat to a peatland carbon tax 
could be the construction of spatially resolved liability baselines that might be meaningful at landholding 
scale, something identified as necessary for the operation of such a tax by WP6 (Reed et al., 2026). 
Empirical evidence suggests that mean annual effective water-table depth could be a dominant control 
on the net warming impact of managed peatlands and that substantial emissions reductions might be 
feasible through raising water levels, at least until very shallow thresholds where methane could become 
a larger component of net forcing (Evans et al., 2021). ServiPeat could operationalise this evidence by 
simulating how drainage networks, topography and restoration measures might influence water-table 
depth across a holding and then translating those hydrological states into emissions estimates using 
established response functions. This could support a tax design in which default liabilities are based on 
modelled baseline conditions, with incentives for land managers to provide evidence of altered water 
levels and peat condition where they have invested in mitigation. 

Because baseline estimates would only be as credible as the evidence that underpins them, a further 
potential contribution relates to improved targeting and calibration of monitoring efforts. Many proposed 
peatland tax designs may face a cost problem because direct flux measurement is typically impractical 
at scale and water-table depth measurement may require dense dip-well networks, especially where 
spatial heterogeneity of sites is high (Reed et al., 2026). The ServiPeat hydrological module could be 
used to identify where water-table depth might be most sensitive to management and where boundary 
conditions or drainage features could create sharp gradients. This could enable a monitoring approach 
that is more explicitly risk-based, with higher measurement intensity where model sensitivity and 
potential liability might be high, and lower intensity where conditions could be more stable and 
uncertainty might have limited fiscal consequences.  

In turn, monitoring and modelling could inform how tax relief and rebate provisions are structured, with 
the aim of avoiding perverse incentives. Rewetting often reduces carbon dioxide emissions from peat 
oxidation, but methane emissions may increase under very shallow water tables and during early 
restoration phases, with outcomes depending on nutrient status, vegetation and microtopography 
(Evans et al., 2021; Wilson et al., 2016). A tax that was too responsive to short-term changes in net 
emissions could discourage restoration if it penalised transitional methane increases or weather-driven 
variability. ServiPeat could be used ex ante to test alternative relief structures, including time-limited 
relief during restoration establishment, relief indexed to water-table recovery rather than net flux in early 
years, or relief contingent on achieving hydrological thresholds that appear to deliver net cooling over 
relevant time horizons. This could support a tax architecture that prices long-run avoided emissions 
while seeking not to disincentivise restoration trajectories that may be climate-beneficial but non-linear. 

Given that both modelling and monitoring would involve residual uncertainty, a related application would 
be to support uncertainty management and dispute resolution. Fiscal instruments can create incentives 
to challenge liability assessments, so the evidential chain would need to be transparent. ServiPeat could 
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support a structured uncertainty framework by producing model outputs with explicit sensitivity to key 
parameters, alternative boundary assumptions and data quality constraints. This could underpin 
defensible defaults, clearer rules for when additional evidence might adjust liabilities and a more 
principled approach to discounts or confidence intervals where uncertainty is material. The approach 
could align with wider arguments that robust climate policy depends on credible counterfactuals and 
clear separation between what is measured, what is modelled and what is assumed (Nolan et al., 2024). 

Finally, and building on these points, ServiPeat could contribute to integrating co-benefits and trade-offs 
into tax policy design. European peatland policy rarely targets climate alone, and water quality, flood 
regulation and biodiversity outcomes are often central to public interest and legitimacy (Byg et al., 2017; 
Nordbeck & Hogl, 2024). Fiscal instruments may create pressure to maximise reported emissions 
reductions even where this risks local harm, for example by concentrating water in ways that affect 
adjacent land or heritage sites. ServiPeat could be used to flag spatial interactions and to test whether 
emissions-focused interventions are consistent with wider objectives. This could inform tax exemptions 
or differentiated relief where measures deliver multiple benefits, supporting the broader view that pricing 
instruments may work best when aligned with complementary measures and broader public goals 
(Grubb et al., 2023). 

6.2 Peatland voluntary carbon markets 

ServiPeat could be used to more accurately quantify baselines and uncertainty and inform project design 
in peatland carbon markets like the UK’s Peatland Code (IUCN UK Peatland Programme, 2024; Reed 
et al., 2017), which is being adapted in line with recommendations from WP6 (Reed et al., 2025). The 
tool could support the transition of the Peatland Code from its current design around emissions factors 
linked to peatland condition categories to an approach to baselining, monitoring and unit issuance based 
on water-table proxies. As recommended by Reed et al. (2026), this could keep the Code compatible 
with methods used in any future land emissions carbon tax and provides higher spatial and temporal 
resolution to baseline definition and monitoring. It could also strengthen project design documents by 
linking interventions to expected changes in water-table depth, vegetation and emissions pathways. 
Hydrological simulation via ServiPeat could then identify representative locations for dip-wells and 
indicate where monitoring efforts might be best focussed, for example to identify re-opening of drainage 
pathways or seasonal stress under dry periods.  

Monitoring and modelling using ServiPeat may also help manage common integrity problems linked to 
project boundaries and additionality. Carbon crediting depends on ensuring that emissions reductions 
are attributable to the project and are not simply displaced (Reed et al., 2025). In peat landscapes, 
hydrological connectivity can create leakage effects, for example, rewetting may alter water tables 
beyond the project area, while continued drainage adjacent to the boundary can undermine recovery 
within it. ServiPeat could be used to anticipate and document these interactions, helping to define project 
boundaries, buffer zones and management agreements with neighbours. This could strengthen the 
plausibility of permanence claims and reduce the risk that credited benefits are later challenged due to 
leakage. 

Finally, ServiPeat could support refinement of risk buffers, further strengthening the permanence of 
carbon claims from the Code. Risk buffers are central to peatland standards because of the risk of 
reversal from fire, drought, grazing pressure, drainage failure or land management change. The 
Peatland Code currently operates a fixed risk buffer but many high-integrity carbon markets vary buffers 
according to risk (e.g., Black et al. 2022). ServiPeat could support risk assessment by simulating how 
resilient the restored water regime might be to plausible climatic variability and by identifying 
interventions/areas within a project that could be more vulnerable to failure. Evidence that restoration 
choices and monitoring may reduce reversal risk could inform more tailored buffer approaches, reducing 
buffer contributions for low-risk projects, while increasing buffers for higher-risk projects. 

6.3 Conclusions 

ServiPeat could support peatland emissions taxation by providing spatially explicit baselines, improving 
the spatial targeting of monitoring and informing the development of relief structures and transparent 
uncertainty management. The same modelling architecture could be used to strengthen voluntary 
peatland carbon markets wishing to transition from credit issuance on emissions factors linked to 
changes in peatland condition categories, towards higher resolution methods based on water-table 
depth proxies. This has the potential to increase the precision of baselines and monitoring, anticipating 
leakage events, and enable the creation of variable risk buffers.  
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Across both instruments, the applications to Scotland, being led in WP6, address a set of recurring 
challenges in peatland policy and carbon accounting elsewhere in Europe, including how to build 
auditable baselines, how to target monitoring effort where it matters most, how to manage non-linear 
greenhouse gas responses (particularly methane) and how to represent uncertainty transparently. 
ServiPeat’s value in this context is the provision of a consistent framework for linking interventions to 
spatially explicit water-table change and associated emissions trajectories, which could help align 
assumptions and evidence requirements across taxation and carbon market approaches. 

Several limitations and future work needs remain before these applications could be operationalised at 
scale. Model outputs would likely need to be supported by clear governance arrangements around 
version control, audit trails and documented parameter choices, as well as calibration and validation 
against representative field datasets across peatland types and management histories. Further 
development may also be needed to translate model sensitivity into practical monitoring guidance and 
to test how proposed uncertainty rules would perform under real-world variability and contested liability 
assessments. If these steps were addressed, ServiPeat could provide a practical basis for piloting more 
integrated approaches to peatland emissions accounting in Scotland and, by extension, for informing 
similar design choices in other European jurisdictions where comparable measurement and integrity 
challenges arise. 

7 Summary 

This deliverable presents the completion of Task 3.5, including the implementation and methodological 
background of the ServiPeat DSS. The tool connects multiple components to support peatland rewetting 
planning across different hydrological and land-use conditions. 

Key achievements include: 

• a design of the core hydrological module based on MODFLOW, 

• integration of data from ORCHIDEE-PEAT and BioScore land surface models, 

• adding a trade-off analysis feature in the DSS and a database of no-regret measures, 

• demonstrations of the tool for stakeholders in three project partner countries, 

• a policy and market applications section, setting out how ServiPeat outputs might inform 

peatland emissions taxation and voluntary peatland carbon markets. 

ServiPeat DSS is not intended to provide detailed engineering solutions, but to support decision-making, 
restoration dialogue and prioritisation of actions. It enables users to simulate scenarios, assess expected 
impacts and build awareness of the potential benefits and trade-offs of rewetting. The tool can still be 
refined based on user feedback and additional data emerging from WET HORIZONS case studies. Its 
structure allows for future expansion, including additional modules. 

ServiPeat contributes to the project objectives by offering a practical application of the modelling work 
carried out in other WET HORIZONS tasks and by strengthening the link between science and 
implementation of peatland restoration. 
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