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Summary of Deliverable 

This deliverable report, linked to task 2.4, presents the synthesis of WP1 and Tasks 
2.1, 2.2, 2.3 of WP2. Within this scope, updated European peatland maps and mean 
landscape water table depth (WTD) maps from WP1 (D1.3 and D1.5) were combined 
with the comprehensive list of updated peatland emission factors (EFs) developed in 
Task 2.1 (https://doi.org/10.5281/zenodo.16964557) and subsequently refined in 
Tasks 2.2, 2.3 and amended in 2.4. This integration enabled us to develop an upscaling 
protocol of local emission measurements—namely annual NEE and methane fluxes—
to estimate the mitigation potential of peatland rewetting for selected catchments. 
Mitigation potentials were calculated using both so-called Tier 1 and Tier 2 approaches. 
The Tier 1 method applies regionally stratified emission factors in combination with 
peatland area data per catchment.  
The Tier 2 approach uses peatland type-specific response functions of CO2 and CH4 
to WTD. For CO2, a Gompertz function was fitted across spatially aggregated regions, 
based on data availability. For CH4, an exponential function was applied. These 
functions were used in conjunction with the mean WTD maps (provided by JHI- D1.5) 
to compute the mitigation potential—defined as the difference in emissions between 
the current (mean) WTD and an optimal, mitigated WTD. This optimal WTD 
corresponds to the depth at which combined CO2 and CH4 emissions are minimized. 
EFs were regionally stratified by catchment, country, and climate zone. Where 
statistically significant, separate values were derived for bogs and fens. Further 
stratification was applied based on eco-hydrological status (i.e., "drained", "pristine", 
"paludiculture", and "rewetted"). In total, 51 distinct EFs were determined for CO2 and 
51 for CH4. 
The parameter sets for the Gompertz and exponential functions are currently limited to 
Germany and to temperate and boreal climate zones across Europe, as an adequate 
number and distribution of measurements across the WTD gradient was required to 
ensure reliable fitting. 

Results from both Tier 1 and Tier 2 approaches are presented at the catchment level. 
Overall, the two methods produced comparable results. Deviations were generally 
attributable to the choice of emission factors—particularly when using catchment-
specific data, which may reflect locally biased experimental conditions. It is not possible 
to determine which approach more accurately represents actual emission dynamics, 
as both are subject to limitations in representativeness. 
Both Tier 1 and Tier 2 approaches proved valuable for estimating the mitigation 
potential of peatland rewetting, though each is subject to specific uncertainties. Tier 1 
results are highly sensitive to peatland area estimates and emission factors, both of 
which remain uncertain and can be affected by classification inconsistencies. Tier 2 
approach captures emission responses to water table depth more dynamically but may 
oversimplify CO2 dynamics when WTD is above the surface and CH₄ behavior at very 
high water levels. Our findings suggest that optimal WTD for minimising combined CO2 
and CH4 emissions lies between –10 cm (below surface) and 0 cm, confirming the 
strong mitigation potential of rewetting.  
For the purpose of integration of Tier 2 EFs in GHG inventories, reporting and 
verification of these EFs, a user guide - joint document between tasks 2.3 & 2.4 – is 
provided here. The user guide describes the capacity and details of WP2 deliverables 
that support users and relevant teams within national governments responsible for 
GHG inventories. Further improvements in data quality, classification accuracy, and 
response modelling will enhance the robustness of future assessments. 

https://doi.org/10.5281/zenodo.16964557
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1 Objectives 

The main objective of this deliverable is to quantify the total mitigation potential of 
peatlands for selected WET HORIZONS catchments. The second objective is an 
up-scaling protocol to frame the accounting of greenhouse gas (GHG) emissions 
in different peatland types per catchment, how to integrate the temporal phases of 
GHG emission dynamics following rewetting/restoration, estimating the total peatland 
extend per catchment, and take into account the possible developments of GHG 
emissions under different climate change scenarios and associated uncertainties. The 
third objective is to lay out a guide how to integrate Tier 2 emission factors into the 
national reporting of GHG emission within the UNFCCC agreement. 

 

2 Quantification of the total peatland mitigation 

potential for selected catchments: An upscaling 

approach 

The aim of this task is to estimate catchment-wise mitigation potential of restored 
peatlands. The mitigation potential is defined as the difference in CO2 and CH4 
emissions between a reference state, i.e., drained, and a restored state, i.e., 
rewetted or restored. Emissions, i.e., EF, vary according to the local environmental 
conditions but mainly due to differences in water table depth. In general, lower water 
tables lead to higher CO2 emissions than pristine or rewetted sites which is the reason 
to restore or rewet peatlands. However, CH4 emissions increase with increasing water 
levels. The two fluxes need to be balanced in terms of their different GWP to find the 
optimum WTD at which the minimum of emissions occur when considering CO2 and 
CH4 together. The latter needs to be considered in its global warming potential (GWP) 
to make it comparable to CO2 and to be able to combine the two fluxes in a meaning 
full way. Additionally, emissions of rewetted peatlands do not act like switching on/off 
emissions when changing state from drained to rewetted (Kalhori et al. 2024).  

Thus, we are providing here – for each catchment – the synthesis of available data 
and come up with refined EFs per peatland category and the mitigation 
quantification by Tier 1 and Tier 2 approaches. This is tailored to the environment of 
each individual catchment as much as possible respective data availability, including 
the estimation of the optimum water level to minimise the combined GWP of CO2 and 
CH4 of rewetted peatlands for the Tier 2 approach. The results are discussed per 
catchment, showcasing the sensitivity of the results from applying two very different 
methods to the same question. 

 

2.1 Tier 1 mitigation potential per catchment 

The Tier 1 approach uses categorized and spatially stratified EFs (Tables 6-10, 
Annex 1) for CO2 and methane and respective peatland areas and is calculated as 
follows:  
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Mitigation potential(peatland type, region) =  

[Area(peatland type, drained, region) *  

(EF(CO2,peatland type, drained, region) + EF(CH4,peatland type, drained, region)) */12*16*27/44*12)] –  

[Area(peatland type, rewetted, region) * EF(CO2,peatland type, rewetted, region) +  

(Area(peatland type, rewetted, region) * EF(CH4,peatland type, rewetted, region)) */12*16*27/44*12] 

 

 

2.1.1 Areas of fens and bogs per catchment 

 As the baseline for the Tier 1 and Tier 2 mitigation potential calculations, the area of 
fens and bogs per catchment was calculated based on the GIS layers of the 
European Wetland Map (EWM_v2) (as provided by WP1 – D1.3) (Table 1). 

 

Table 1: Fen and bog areas per catchment in ha. 

  
Catchment Area per peatland type 

 [ha] 

 fen bog 

Denmark 28,497 24,447 

Finland (N) 59,159 22,532 

Finland (S) 12,892 33,591 

France 3,741 11 

Germany 119,586 1,476 

Netherlands 396,523 - 

Polish 308,173 4,775 

UK (N) - 378,603 

UK (S) - 577,938 
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2.1.2 Spatially stratified EFs 

GHG EFs were calculated by aggregating annual NEE and CH4 data (from the 
updated EF dataset, D2.1) by peatland category “fen” or “bog” or combined – if no 
significant difference between EFs of fens and bogs - and the eco-hydrological state 
“drained”, “pristine”, “rewetted” and “paludiculture” and spatially stratified by 
catchment, country and Köppen-Geiger climate region. We added the country and 
climate region aggregation levels because some catchments do not provide enough 
data to calculate catchment-specific EFs for fens and bogs of all eco-hydrological 
states. EFs were calculated from the EF-dataset as provided by task 2.1 plus 344 site 
year entries partially coming from task 2.2 and task 2.3. The extended EF-dataset 
now carries 851 site year data of NEE/CO2 and 1083 site-year data of CH4 for 
Europe. Please note that not each entry is accompanied by the full set of explanatory 
variables, such as WTD, air temperature, or land-use. 

GHG EFs vary widely in their representativeness for a given peatland type and 
category and reflect current foci of research. E.g., the EFs for paludiculture are 
mainly from the three European countries Denmark, Netherlands and Germany.  

 

2.1.3 Mitigation potentials for all catchments 

For each catchment, the actually selected and applied EFs for the “drained” and 
“rewetted” state depended on availability. We tried to be as regionally specific as 
possible, however, we used a complete set of EFs (drained/rewetted) of the next 
higher aggregation level when not available at the lower spatial level. This was done 
per fen and bogs separately. Thus, in case the EFs for fens were available at country 
level but for bogs only at the climate region levels, we combined country-level EFs for 
fens and regional-levels EFs for bogs. 

Tables 2-4 list the mitigation potentials per catchment for fens (Table 2), bogs (Table 
3) and combined (Table 4). For areas with “NA” in either fen or bog categories, there 
is simply insufficient information on the areal extent and locations of former fen or 
bog peat in those catchments (UK catchments in case of fen peat and the 
Netherlands catchment in case of bog peat). The assumption based on our wetland 
map is that, in those specific catchments, there is quite a small area of fen or bog 
peat, in general. Thus, the mitigation potential in those catchments is negligible.  
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Table 2: Mitigation potentials for fens per catchment. “Total” refers to total emissions, “EF” is the 
annual EF for CO2 and CH4 together, “WTD” reports the EF-specific water table depth (from the EF-
tables Tables 12&13), and “savings” indicates the difference between “drained” and “rewetted” 
emissions while “+” means increased emissions, and “-“ means uptake/reduced emissions, either from 
only reduced emissions or reduced emissions + sequestering carbon. “Total” is given in t CO2-C or 
CH4-C per total catchment area. “EF”s are given in t CO2-C or CH4-C ha-1. 

Catchment Drained Rewetted  Savings 

 Total EF 
WTD 

CO2/CH4 
Total EF 

WTD 

CO2/CH4 
Total EF 

Germany 120,928 1.0 -42/-53 649948 5.2 22/18 +529019 +4.2 

Denmark 85,724 3.0 -47/-25 129,843 4.5 NA/-16 +44,118 +1.5 

Netherlands 1,314,654 3.3 -48/52 -1,903,310 -4.8 -16/-25 3,217,964 8.1 

Poland 1,496,040 4.7 -48-/45 467,582 1.5 2/6 1,028,458 3.2 

UK (N) NA NA NA NA NA NA NA NA 

UK (S) NA NA NA NA NA NA NA NA 

Finland (N) 108,239 1.8 -27/-45 -15,704 -0.27 -12/6 123,943 2.07 

Finland (S) 16,230 1.2 NA/NA -18,611 -1.4 NA/NA 34,841 2.6 

France 6302 1.7 NA/-48 7989 2.1 -0.6/3 +1687 +0.4 
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Table 3: Mitigation potentials for bogs per catchment. “Total” refers to total emissions, “EF” is the 
annual EF for CO2 and CH4 together, “WTD” reports the EF-specific water table depth (from the EF-
tables Tables 12&13), and “savings” indicates the difference between “drained” and “rewetted” 
emissions while “+” means increased emissions, and “-“ means uptake/reduced emissions, either from 
only reduced emissions or reduced emissions + sequestering carbon. “Total” is given in t CO2-C or 
CH4-C per total catchment area. “EF”s are given in t CO2-C or CH4-C ha-1. 

Catchment Drained Rewetted Savings 

 Total EF 
WTD 

CO2/CH4 
Total EF 

WTD 

CO2/CH4 
Total EF 

Germany 10,116 6.7 -45/-45 4253 2.8 -1/-2.5 -5863 -3.9 

Denmark 74,021 3.0 -47/-55 125,790 5.1 NA/-6 +51,769 +2.1 

Netherlands NA NA NA NA NA NA NA NA 

Poland 23,180 4.8 -54/-55 10,197 2.1 -4/-6 12,983 2.7 

UK (N) 1,797,469 4.7 -54/NA -198,938 -0.5 -4/NA 1,996,407 5.2 

UK (S) 2,743,839 4.7 -54/NA -136,078 -0.2 -4/NA 2,879,917 4.9 

FIN (N) 45207 2 -20/NA -34371 -1.5 -14/NA 79578 3.5 

FIN (S) 62,778 1.9 -20/NA -18,261 -0.5 -14/NA 81039 2.4 

France 53 4.9 -49/-48 -3.8 -0.3 -9/-11 56.8 5.2 
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Table 4: Mitigation potentials for fens + bogs together per catchment. “Total” refers to total emissions, 
“EF” is the annual EF for CO2 and CH4 together, here, “WTD” is a rough indication of water table depth 
(based on Tables 2 and 3), and “savings” indicates the difference between “drained” and “rewetted” 
emissions while “+” means increased emissions, and “-“ means saved/reduced emissions, either from 
only reduced emissions or reduced emissions + sequestering carbon. “Total” is given in t CO2-C or 
CH4-C per total catchment area. “EF”s are given in t CO2-C or CH4-C ha-1. 

Catchment Drained Rewetted Savings 

 Total EF* WTD Total EF* WTD Total EF 

Germany 122,365 0.9 -50 657,669 5.2 +~20 +535,304 +4.3 

Denmark 159,745 3.0 -50 255,634 4.8 ~0 +95,889 1.8 

Netherlands 
(fens) 

1,314,654 3.3 -48/52 -1,903,310 -4.8 
-16/-
25 

3,217,964 8.1 

Poland 1,496,040 4.7 -50 477,779 1.5 0 1,018,261 3.2 

UK (N) (bogs) 1,797,469 4.7 -54/NA -198,938 -0.5 -4/NA 1,996,407 5.2 

UK (S) (bogs) 2,743,839 4.7 -54/NA -136,078 -0.2 -4/NA 2,879,917 4.9 

Finland (N) 153,446 1.9 -25 -50,075 -0.6 0 103,371 1.3 

Finland (S) 79,008 1.7 -25 -36,872 -0.8 0 115,880 2.5 

France 6,355 0.2 -50 7,985 0.2 -5 +1,630 0.2 

*area weighted by fen and bog areas per catchment 

 

The individual results per catchment will be discussed in relation to the results of the 
Tier 2 mitigation potential calculations. 

Disclaimer: We would like to emphasize that the reported numbers only represent a 
snapshot based on currently available data and do not fully capture the highly diverse 
and variable conditions of peatland systems that they aim to represent. In particular, 
the values for rewetted and paludiculture sites are based on measurements from a 
limited number of locations where such activities are currently being implemented. 
Consequently, the resulting mitigation estimates may be biased toward the specific 
rewetting practices in place, which may not be representative of rewetting efforts 
more broadly. Additionally, the final results are very sensitive to the selected EFs and 
area estimates. And, although all calculations were performed with due care; errors 
cannot be entirely ruled out. 

 

2.2 Tier 2 mitigation potential per catchment 

The Tier 2 approach uses the average WTD maps provided by the project partner 
JHI and WTD-response functions for CO2 (Gompertz) and CH4 (exponential). The 
latter were fitted using the extended EF-dataset as for the Tier 1 approach. Due to 
non-sufficient data availability to fit equation parameters for each country, only 
Germany, we fitted parameters for temperate, boreal and the European region. See 
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Annex 2 for the Gompertz and exponential equation fitting, and the respective 
peatland type and spatially stratified fitted parameter sets. 

 

For the Tier 2 approach, the mitigation potential is defined as the difference between 
total emissions at the average WTD as given with the WTD-maps (per catchment) 
from JHI-D1.5, and the total emissions when lifting the WTD to optimum conditions. 
Optimum WTD was determined by taking the minimum from the combined results of 
the Gompertz-equation and the results of the exponential equation – having 
converted CH4 into CO2-eq-C (see Annex 3 for the visualisation for each set of 
possible fits according to data availability). We would like to emphasize that the 
differences in optimum water table levels across the spatially differently aggregated 
dataset reflect the limitations of currently available data and do not represent a 
universal process-based optimum. Rather, the variation in optimum WTDs reflects 
broader climatic differences and the distinct sets of peatland types and associated 
water table depths included in our datasets. At this level, the influence of different 
vegetation types at the various peatlands is not considered but do play a crucial role 
influencing emissions and thus the optimum WTD. Having said that, the optimum 
WTD still always lies between -10 cm and 0 cm, which is remarkable. 

Additionally, the reported increase in WTD for each catchment represents the mean, 
area-weighted rise in WTD applying the pre-determined optimum WTD to the current 
mean WTD-map. Thus, the increase was only imposed on WTD to map pixels where 
the current WTD is below the defined optimum; pixels already at or above the 
optimum remain unchanged at their current mean levels. As a result, the overall 
increase reflects a combination of the predefined optimum WTD and the effective 
increase applied only to the relevant areas. 

 

2.2.1 The German catchment 

The Tier 2 mitigation potential for the German catchment was estimated without 
distinguishing fens and bogs as there was no significant difference between the 
parameters fitted for the Gompertz- and exponential equation for two different 
peatland types. The optimum WTD for fens and bogs was -6 (Figure 1 in Annex 3). 

Table 5: Mitigation potential for fens and bogs of the German catchment. “+” means increased 
emissions, and “-“ means saved/reduced emissions, either from only reduced emissions or reduced 
emissions + sequestering carbon. “Total” is given in t CO2-C or CH4-C per total catchment area. “EF”s 
are given in t CO2-C or CH4-C ha-1. 

Germany Fens & bogs 

 Total EF 

CO2 (drained) 542,120 4.5 

CO2 (rewetted) -97,688 -0.8 

∆CO2 639,808 5.3 

CH4 (drained) 

[t CO2-Ceq] 

8,483 

[83,293] 

0.07 

[0.68] 
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CH4 (rewetted) 

[t CO2-Ceq] 

18,046 

[177,180] 

0.15 

[1.5] 

∆CH4 

[t CO2-Ceq] 

+9,563 

[+93,887] 

+0.08 

[+0.8] 

CO2Ceq (drained) 625,413 5.1 

CO2Ceq (rewetted) 79,492 0.6 

∆CO2Ceq 545,920 4.5 

 

 

According to the Tier 1 approach, emissions from the German catchment increase by 
approximately +535,303 t CO2-Ceq year⁻¹ associated with WTD increase from 

around –50 cm to approximately +10 cm above the surface. It should be noted that 
the emission factors (EFs) applied are biased towards current rewetting practices in 
the catchment. In the given studies, rewetting has led to water levels rising by up to 1 
meter above the surface, resulting in significantly higher global warming potential 
(GWP) compared to drained conditions, primarily due to high methane emissions at – 
and especially above – the surface (Kalhori et al., 2024). This highlights the critical 
importance of water level management in effectively reducing the warming effect 
through mitigation measures, of which the potential results are exemplified with the 
Tier 2 results. 

By contrast, the Tier 2 approach estimates a reduction in emissions of approximately 
–545,920 t CO2-Ceq year⁻¹, associated with an increase in mean WTD from about –

27 cm (mean actual WTD 2019 -2024) to –5 cm (optimum for CO2 and CH4 together). 
While peatlands would continue to emit carbon under these conditions, the rate is 
substantially reduced – by approximately –4.5 t CO₂-Ceq ha⁻¹. Although this result 

appears to contradict the Tier 1 outcome, the discrepancy is mainly due to the 
smoother emission response curves used in Tier 2 (Gompertz and exponential 
functions for CO2 and CH4, respectively), as well as the use of spatially explicit WTD 
data. The Tier 1 results reflect current rewetting practice in this specific catchment, 
which – in terms of GWP – has been implemented in a suboptimal way (i.e., 
rewetting ≈ flooding). In contrast, Tier 2 simulates the effect of optimally raising the 
water table to just below the surface, thus maximising the potential mitigation effect of 
rewetting.  

Although, both approaches are valid in term of concept and numbers, the opposing 
results underline the considerable uncertainty in estimating mitigation potentials and 
highlight the sensitivity of outcomes to the chosen methodological approach (Tier 1 
vs. Tier 2) and the underlying data. 
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2.2.2 The Danish catchment 

The optimum water table depth (WTD) was determined to be -9 cm for fens and -7.5 
cm for bogs (see Figure 1 in Annex 3, “Temperate region”). The calculations were 
based on the parameter sets for the temperate region, as country-specific data were 
insufficient to derive nationally calibrated parameters for the Gompertz- and 
exponential equation. 

Table 6: Mitigation potential for fens and bogs of the Danish catchment. “+” means increased 
emissions, and “-“ means saved/reduced emissions, either from only reduced emissions or reduced 
emissions + sequestering carbon. “Total” is given in t CO2 or CH4 per total catchment area. “EF”s are 
given in t CO2-C or CH4-C ha-1. 

Denmark Fens Bogs Fens + Bogs 

 Total EF Total EF Total 

CO2 (drained) 91,556 3.2 97,766 4  

CO2 (rewetted) -5,579 -0.2 -67,887 -2.8  

∆CO2 97,134 3.4 165,653 6.8  

CH4 (drained) 

[t CO2-Ceq] 

2,292 

[22,502] 

0.1 

[0.8] 

1,148 

[11,267] 

0.05 

[0.46] 

 

CH4 (rewetted) 

[t CO2-Ceq] 

3,161 

[31,036] 

0.1 

[1.1] 

2,839 

[27,872] 

0.1 

[1.14] 

 

∆CH4 

[t CO2-Ceq] 

+869 

[8,533] 

+0.0
3 

[+0.3] 

1,691 

[16,605] 

+0.07 

[+0.7] 

 

CO2Ceq (drained) 11,4058 4 109,033 4.5 223,091 

CO2Ceq (rewetted) 25,457 0.9 -40,015 -1.6 -14,558 

∆CO2Ceq 88,601 3.1 149,048 6.1 237,649 

 

According to the Tier 1 method, peatland rewetting in Denmark leads to a reduction 
of carbon emissions of 82,642 CO2-Ceq year⁻¹, associated with a mean WTD 

increase of -50 cm to about zero. As opposed to the results for Germany, the Tier 2 
approach results are not so far off and also reducing emission, by 237649 CO2-Ceq 
year⁻¹. The latter reflects a WTD increase from -27 cm to about -8. In Denmark, fens 

and bogs each represent around 50% of the national peatland area. The higher 
optimum water table depth for bogs in this case leads to a net carbon sequestration 
of 40015 CO2-Ceq year⁻¹, while fens still emit 25457 CO2-Ceq year⁻¹. Again, the 

presented results reflect outcomes of current rewetting activities as implemented in 
Denmark and extrapolates them, taking into account country specific climate and 
peatland types. 
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2.2.3 The Dutch catchment 

The Dutch catchment only contains fens, no bogs. The optimum water table depth 
(WTD) was determined to be –9 cm (see Figure 1 in Annex 3, “Temperate region”). 
The calculations were based on the parameter sets for the temperate region, as 
country-specific data were insufficient to derive nationally calibrated parameters for 
the Gompertz and exponential equations. 

 

Table 7: Mitigation potential for fens of the Dutch catchment. “+” means increased emissions, and “-“ 
means saved/reduced emissions, either from only reduced emissions or reduced emissions + 
sequestering carbon. “Total” is given in t CO2 or CH4 per total catchment area. “EF”s are given in t 
CO2-C or CH4-C ha-1. 

Netherlands Fens 

 Total EF 

CO2 (drained) 563,739 4.5 

CO2 (rewetted) -42,235 -0.3 

∆CO2 605,973 4.8 

CH4 (drained) 

[t CO2-Ceq] 

25,013 

[245,578] 

0.06 

[0.6] 

CH4 (rewetted) 

[t CO2-Ceq] 

44,397 

[435,896] 

0.11 

[1.1] 

∆CH4 

[t CO2-Ceq] 

+19,384 

[+190,318 

+0.05 

[+0.5] 

CO2Ceq (drained) 809,317 5.1 

CO2Ceq (rewetted) 393,662 0.8 

∆CO2Ceq 415,655 4.3 

 

According to the Tier 1 results, the rewetting of Dutch peatlands within the selected 
catchment would reduce emissions by 2,128,860 CO2-Ceq year⁻¹ of which 1,085,752 

CO2-Ceq year⁻¹ would actually be sequestered. This is explained by raising the water 

level from about -46 cm to about +4 cm and applying catchment and eco-hydrological 
state specific EF for CO2 and CH4. Thus, this result might reflect a quite realistic 
estimate of the catchment wide mitigation potential when rewetting all fens. 

The Tier 2 results suggest an emission saving of 415,655 CO2-Ceq year⁻¹ from a 
mean water level rise from -39 to -14 and from using the temperate parameter set for 
the WTD response functions. It can be considered more conservative and implies 
that the temperate data set does not reflect Dutch fen conditions. 
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2.2.4 The UK catchments 

The UK catchments only contain bogs, no fens. The optimum water table depth 
(WTD) was determined to be –7.5 cm (see Figure 1 in Annex 3, “Temperate region”). 
The calculations were based on the parameter sets for the temperate region, as 
country-specific data were insufficient to derive nationally calibrated parameters for 
the Gompertz and exponential equation. 

Table 8: Mitigation potential for bogs of the UK catchments. “+” means increased emissions, and “-“ 
means saved/reduced emissions, either from only reduced emissions or reduced emissions + 
sequestering carbon. “Total” is given in t CO2 or CH4 per total catchment area. “EF”s are given in t 
CO2-C or CH4-C ha-1. 

UK North “Strathy” South “Northeast” 

 Total EF Total EF 

CO2 (drained) 782,276 2.0 1,222,747 2.1 

CO2 (rewetted) -271,428 -0.7 -415,403 -0.7 

∆CO2 1,053,704 2.7 1,638,150 2.7 

CH4 (drained) 

[t CO2-Ceq] 

32,914 

[323,163] 

0.09 

[0.9] 

51,121 

[501,925] 

0.09 

[0.9] 

CH4 (rewetted) 

[t CO2-Ceq] 

49,128 

[482,351] 

0.13 

[1.3] 

76,072 

[746,898] 

0.13 

[1.3] 

∆CH4 

[t CO2-Ceq] 

+ 16,213 

[+159,188] 

+0.04 

[+0.4] 

24951 

[+244,973] 

+0.04 

[+0.4] 

CO2Ceq (drained) 1,105,439 2.9 1,724,672 2.9 

CO2Ceq (rewetted) 210,923 0.6 331,494 0.6 

∆CO2Ceq 894,515 2.3 1,393,178 2.4 

 

The Tier 1 approach estimates for the North and the South catchment an emission 
savings of 1,996,407 CO2-Ceq year⁻¹ and 2,879,917 CO2-Ceq year⁻¹, including an 

actual sequestration of -198,938 CO2-Ceq year⁻¹ and -136,078 CO2-Ceq year⁻¹, 
respectively, associated with a WTD increase from about -50 cm to about -4 cm. 

The Tier 2 approach comes up with lower emission savings, which are 894,515 CO2-
Ceq year⁻¹ and 1,393,178 CO2-Ceq year⁻¹ for the North and South catchment, 

respectively, and no additional sequestration. The associated WTD changes are from 
a mean WTD of -18 cm to -7 cm in both catchments. 
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2.2.5 The Finish catchments 

The optimum water table depth (WTD) was determined to be –3 cm for boreal fens 
and bogs (see Figure 1 in Annex 3, “Boreal region”). The calculations were based on 
the parameter sets for the boreal region, as country-specific data were insufficient to 
derive nationally calibrated parameters for the Gompertz and exponential equation. 

 

Table 9: Mitigation potential for fens and bogs of the Finish catchments. “+” means increased 
emissions, and “-“ means saved/reduced emissions, either from only reduced emissions or reduced 
emissions + sequestering carbon. “Total” is given in t CO2 or CH4 per total catchment area. “EF”s are 
given in t CO2-C or CH4-C ha-1. 

Finland North Fens Bogs Fens + Bogs 

 Total EF Total EF Total 

CO2 (drained) -945 -0.02 7493 0.3  

CO2 (rewetted) -41,411 -0.7 -10,889 -0.5  

∆CO2 -40,466 0.7 18,382 0.8  

CH4 (drained) 

[t CO2-Ceq] 

8610 

[84,536] 

0.15 

[1.4] 

1209 

[11,873] 

0.05 

[0.5] 

 

CH4 (rewetted) 

[t CO2-Ceq] 

9906 

[97,256] 

0.2 

[1.6] 

1405 

[13,780] 

0.06 

[0.6] 

 

∆CH4 

[t CO2-Ceq] 

+1,295 

[+12,720] 

+0.02 

[+0.22] 

+196 

[+1,927] 

+0.01 

[+0.08] 

 

CO2Ceq (drained) 83,591 1.4 19,366 0.8 102,958 

CO2Ceq (rewetted) 55,844 0.9 2,911 0.13 58,755 

∆CO2Ceq 27,746 0.47 16,455 0.7 44,202 
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Finland South Fens Bogs Fens + Bogs 

 Total EF Total EF Total 

CO2 (drained) 8,271 0.6 52,519 1.6  

CO2 (rewetted) -9025 -0.7 -16,199 -0.5  

∆CO2 17,296 1.3 68,718 2.0  

CH4 (drained) 

[t CO2-Ceq] 

1738 

[17,063] 

0.13 

[1.] 

1,594 

[15,654] 

0.05 

[0.5] 
 

CH4 (rewetted) 

[t CO2-Ceq] 

2,255 

[22,139] 

0.17 

[1.7] 

2,079 

[20,413] 

0.06 

[0.6] 
 

∆CH4 

[t CO2-Ceq] 

+517 

[+5,075] 

+0.04 

[+0.4] 

+485 

[+4,759] 

+0.01 

[+0.13] 
 

CO2Ceq (drained) 25,335 1.9 68,173 2.0 93,508 

CO2Ceq (rewetted) 13,114 1.0 4,214 0.12 17,329 

∆CO2Ceq 12,221 0.9 63,958 1.9 76,180 

 

The North catchment saves 103,371 t CO2-C following the Tier 1 approach, while the 
Tier 2 approach estimates only 44,202 t CO2-C. The numbers are similar for the 
South catchment where the Tier 1 approach estimates an emission saving of 115,880 
t CO2-C and the Tier 2 of only 76,180 t CO2-C. The Tier 2 savings are associated 
with a mean WTD increase from about -10 to -3 for the North catchment, and from 
about -15 cm to -3 cm for the South catchment. 
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2.2.6 The Polish catchment 

Table 10: Mitigation potential for fens and bogs of the Polish catchment. “+” means increased 
emissions, and “-“ means saved/reduced emissions, either from only reduced emissions or reduced 
emissions + sequestering carbon. “Total” is given in t CO2 or CH4 per total catchment area. “EF”s are 
given in t CO2-C or CH4-C ha-1. 

Poland Fens Bogs Fens + Bogs 

 Total EF Total EF Total 

CO2 (drained) 1,029,735 3.3 15,332 3.2  

CO2 (rewetted) -136,806 -0.44 -3,406 -0.7  

∆CO2 1,166,541 3.8 18,738 3.9  

CH4 (drained) 

[t CO2-Ceq] 

20651 

[202,752] 

0.07 

[0.66] 

343 

[3,366] 

0.07 

[0.7] 

 

CH4 (rewetted) 

[t CO2-Ceq] 

36,695 

[360,277] 

0.12 

[1.17] 

613 

[6,014] 

0.13 

[1.2] 

 

∆CH4 

[t CO2-Ceq] 

+ 16,044 

[157,525] 

+0.05 

[+0.5] 

+270 

[+2,648] 

+0.06 

[+0.6] 

 

CO2Ceq (drained) 1,232,488 3.9 18,699 3.9 1,251,186 

CO2Ceq (rewetted) 223,471 0.7 2609 0.5 220863 

∆CO2Ceq 1,009,016 3.2 16,090 3.4 1,025,106 

 

The Tier 1 approach estimates an emissions savings of 1,018,261 t CO2-C when 
increasing the WTD from -50 to about 0 in Polish peatlands (98% fens) while the Tier 
2 approach estimates almost the same with 1,025,106 t CO2-C, associated with a 
mean WTD increase of -23 cm to -9 cm. 
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2.2.7 The French catchment 

Table 11: Mitigation potential for fens and bogs of the French catchment. “+” means increased 
emissions, and “-“ means saved/reduced emissions, either from only reduced emissions or reduced 
emissions + sequestering carbon. “Total” is given in t CO2 or CH4 per total catchment area. “EF”s are 
given in t CO2-C or CH4-C ha-1. 

France Fens Bogs Fens + Bogs 

 Total EF Total EF Total 

CO2 (drained) 2961 0.8 16 1.5  

CO2 (rewetted) -1052 -0.28 -5.4 -0.5  

∆CO2 4013 1.1 22 2  

CH4 (drained) 

[t CO2-Ceq] 

219 

[2152] 

0.06 

[0.6] 

0.63 

[6] 

0.06 

[0.6] 

 

CH4 (rewetted) 

[t CO2-Ceq] 

287 

[2819] 

0.08 

[0.75] 

0.98 

[9.6] 

0.09 

[0.9] 

 

∆CH4 

[t CO2-Ceq] 

+68 

[+668] 

+0.02 

[+0.18] 

+0.35 

[+3.5] 

+0.03 

[+0.3] 

 

CO2Ceq (drained) 5513 1.4 23 2 5135 

CO2Ceq (rewetted) 1767 0.5 4 0.37 1771 

∆CO2Ceq 3346 0.9 18 1.7 3364 

 

The French catchment features a peatland area of only 3752 ha. The Tier one 
approach estimates an emission increase of +1630 CO2-Ceq year⁻¹ associated with 

a WTD increase of about -50 cm to -5 cm according to the reference depths of the 
EF. The 2 approach estimates an emission saving of 3364 CO2-Ceq year⁻¹ 
associated with a mean WTD increase of -15 cm to -8 cm. 

 

 

3 Final reflection: synergies across WPs and 

communicate findings to our relevant audience 

This work has applied both Tier 1 and Tier 2 approaches to estimate the mitigation 
potential of peatland rewetting, combining updated spatial datasets with refined 
emission factor information. Both methods have proven useful for providing regional-
scale assessments, yet their application has also revealed key uncertainties that 
merit further investigation. 

The Tier 1 approach offers a straightforward and transparent framework, but its 
results are highly dependent on two core inputs: peatland area and emission factors 
(EFs). Both remain uncertain, not only in their numerical values but also in their 
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classification - for example when distinguishing between fen, transitional fen, or 
mineral wetland, and in assigning the corresponding EFs. These uncertainties are 
amplified when upscaling to larger spatial scales. 

 

The Tier 2 approach builds on the established sensitivity of emissions to water table 
depth (WTD), enabling a more process-oriented representation of CO2 and CH4 
dynamics. While scientifically robust, it may also convey a degree of precision that 
does not fully reflect the complexity of real-world conditions. For example, the 
Gompertz equation, though widely used, can oversimplify CO2 dynamics at WTD 
above the soil surface—a condition frequently observed in rewetted sites—by 
predicting a levelling-off of NEE. Our data instead indicate higher carbon uptake at 
low WTD, followed by a decline as WTD continues to rise. 

Similarly, existing exponential functions for CH4 emissions (Tiemeyer et al., 2020; 
Koch et al., 2023) do not fully capture the distinct emission peak occurring near the 
surface (approximately –5 cm to 0 cm WTD). Furthermore, they are constrained to 
WTD values ≤ +20 cm, beyond which they yield unrealistic outputs. This has been 
indicated in Evans et al., 2021 study for the UK Tier 2 EFs but, also for the rewetted 
conditions, any sites with temporary or permanent inundation were excluded from 
analysis. Observations from our study suggest that CH4 emissions remain elevated 
but stable above +20 cm WTD, indicating the potential benefit of applying two 
separate response functions: a) for WTD < 0 cm, and b) for WTD > 0 cm. 

Recognising these limitations does not diminish the value of the current results. On 
the contrary, they provide both a realistic appraisal of methodological constraints and 
a clear pathway for targeted research. The findings strengthen the evidence that 
optimal WTD for minimising combined CO2 and CH4 warming potential lies between 
–10 cm and 0 cm. This reinforces the role of rewetting as an effective climate 
mitigation strategy for peatlands, while underscoring the importance of continued 
refinement in data quality, classification accuracy, and process modelling to further 
improve future assessments. 

The mitigation potentials quantified in this task provide an important component for 
WP4’s trade-off assessment. These estimates (Tier 1 and Tier 2) will be combined 
with outputs from BioScore on biodiversity, as well as selected ecosystem service 
indicators (e.g., phosphorus mobilisation where data is available), to evaluate 
synergies and trade-offs of peatland restoration in the exemplar catchments. This 
integration allows us to examine, for instance, whether areas with the highest GHG 
mitigation potential also yield the greatest biodiversity gains, or whether restoration 
options such as paludiculture alter the balance between mitigation potential and 
biodiversity outcomes. In this way, D2.4 provides the quantitative basis for comparing 
restoration scenarios across different dimensions in WP4. 

In addition to collaborations with WP4, the output of this deliverable will feed into the 
hotspot priority map developed by WP1. The D2.4 results will also be communicated 
with national teams, separately in the countries where the selected catchment areas 
are located. The goal is to pool resources, strengthen national peatland research 
networks, and mobilize expertise for strategic policy and market impacts that support 
peatland protection, restoration, while maximizing their mitigation potentials. To 
communicate these results to targeted audience responsible for GHG emission 
inventories, presentations for different countries are prepared by the WP2 leader and 
partners and will be presented through workshops organized by WP6 in the 
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upcoming month (the first and second week of September 2025). The workshop will 
focus on two strategic themes: - policy leverage for restoration; and – market 
engagement and innovation. WP6 in collaboration with other WPs within WET 
HORIZONS project, the UNEP-led Global Peatland Initiative, and Wetlands 
International Europe bring together experts, practitioners, researchers, and 
policymakers committed to enhancing peatland protection and restoration for our 
results’ validation purposes through these workshops. The primary focus is on 
developing national impact plans for peatland protection and restoration, grounded in 
updated EF values and estimated mitigation potential for each catchment based on 
this report.  
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Annex 1 

Table 12: CO2 emissions factors (EF) for fens and/or bogs per catchment, country and climate region 
in g C m-2 year-1, and respective WTD data [cm], with negative values indicating WTD below the 
surface. Numbers in brakes indicate the standard error (se) and the number of observations (n). Two 
lines per cell indicate significant differences between the EF of fens and bogs per region & category, 
one entry per cell indicates a lumped EF for fens and bogs together, and if data of only one peatland 
type is available, the lower line stands for fens and the low line for bogs. 

 EF (this study) (se) (n) 

 Drained** Pristine* Paludiculture Rewetted 

regions NEE WTD NEE WTD NEE WTD NEE WTD 

Catchment 

DEN 291 (149) (12) -47 (8) NA NA -440 (39) (4) -2 (0.6) NA NA 

DEU 
47 (111) (7) 

NA 

-42 (13) 

NA 

-34 (66) (9) 

NA 

NA 

NA 

-14 (39) (6) 

NA 

-3.5 (2.5) 

NA 

-53 (30) (38) 

NA 

22 (3) 

NA 

DUT 
253 (87) (54) 

172 (27) (4) 

-48 (1) 

NA 

NA 

34 (105) (2) 

NA 

-6 (1) 

NA 

58 (51) (5) 

NA 

-13 (3) 

-588 (124) 
(24) 

-6 (34) (15) 

-16 (3) 

-6 (2) 

FIN (N) NA NA 
-48 (9) (23) 

NA 

5 (0.4) 

NA 
NA NA NA NA 

FIN (S) 
120** (57) (24) 

NA 

-43 (0.4) 

NA 

-54 (2) (2) 

NA 

NA 

NA 
NA NA 

-56 (4) (2) 

NA 

-7 (5) 

NA 

POL NA NA NA NA NA NA 
-25 (53) (10) 

NA 

-18 (5) 

NA 

UK (N) (bog) NA NA -129 (8) (19) -1 (3)   -82 (69) (11) -3 (1) 

Country 

Denmark 368 (145) (14) -47 (7) NA NA 
-440 (39) (4) 

NA 

-2 (0.6) 

NA 

220 (-) (1) 

NA 

NA 

NA 

Finland 181 (50) (3) NA -44 (6) (53) -0.6 (0.8) NA NA 
-56 (4) (2) 

NA 

-7 (5) 

NA 

France 
139 (58) (6) 

NA 

NA 

NA 
NA NA NA NA 

NA 

-54 (25) (6) 

NA 

-9 (3) 

Germany 657 (43) (103) -45 (2) -43 (30) (22) -3 (0.8) -187 (64) (22) -4.6 (1.7) 39 (21) (119) -0.6 (2) 

Netherlands 
253 (87) (54) 

NA 

-48 (1) 

NA 

-177 (32) (2) 

NA 

-8 (-) 

NA 
NA NA 

-588 (123) 

(24) 

185 (4.6) (4) 

-16 (3) 

-10 (0) 

Sweden NA NA 
-62 (6) (32) 

-33 (8) (20) 

-3 (0.8) 

-2 (0.6) 
NA NA 

NA 

-22 (-) (1) 

NA 

NA 

Poland NA NA NA NA NA NA 
-25 (53) (10) 

NA 

-18 (5) 

NA 

UK 462 (75) (19) -67 (3) -133 (8) (22) -5 (3) NA NA -53 (25) (43) -3 (1.7) 
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* Including semi-natural, ** forestry-drained. Temperate and boreal regions are defined by the Köppen-
Geiger climate classification. “Temperate” comprises the climate classes 15 and 16. “Boreal” 
comprises the climate classes 18, 26 and 27. The regional selection is confined to Europe.  

NA NA NA NA 

Climate region 

Temperate 456 (33) (255) -49 (1) -75 (11) (83) -3.6 (1) -226 (56) (27) -4 (1.3) -81 (22) (237) -0.6 (1.3) 

Boreal 
189 (31) (99) 

33 (26) (88) 

-42 (1) 

-39 (1.6) 
-44 (4) (227) -5 (0.6) NA NA 34 (26) (112) -9 (1.8) 
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Table 13: CH4 emissions factors (EF) for fens and/or bogs per catchment, country and climate region 
in g C m-2 a-1, and respective WTD data [cm], with negative values indicating WTD below the surface. 
Numbers in brakes indicate the standard error (se) and the number of observations (n). Two lines per 
cell indicate significant differences between the EF of fens and bogs per region & category, one entry 
per cell indicates a lumped EF for fens and bogs together, and if data of only one peatland type is 
available, the lower line stands for fens and the low line for bogs. 

 EF (this study) (se) (n) 

 Drained** Pristine* Paludiculture Rewetted 

regions CH4   WTD CH4   WTD CH4   WTD CH4   WTD 

Catchment 

DEN 1 (0.9) (8) -25 (6) NA NA 
57 (13) (4) 

NA 

-2 (0.6) 

NA 
NA NA 

DEU 
5 (2) (10) 

NA 

-53 (13) 

NA 
NA NA 

12 (7) (6) 

NA 

-4 (2) 

NA 

58 (18) (34) 

NA 

18 (4) 

NA 

DUT 8 (1.6) (13) -59 (6) 
NA 

13 (6) (6) 

NA 

-6 (0.6) 

NA 

0.8 (0.5) (5) 

NA 

-13 (3) 
11 (2) (20) -10 (3) 

FIN (N) 
0.2 (0.3) (2) 

NA 

NA 

NA 
14 (1.1) (22) -0.7 (3)) NA NA NA NA 

FIN (S) 0.6 (0.2) (43) -42 (1.8) 15 (6) (15) -6 (2) NA NA -9 (4) (18) -12 (-) 

POL NA NA NA NA NA NA 18 (3) (2) -2 (5) 

UK (N) NA NA 
NA 

4.3 (0) (2) 

NA 

NA 
NA NA NA NA 

UK (S) NA NA 
NA 

0.3 (-) (1) 

NA 

-12.5 (-) 
NA NA NA NA 

Country 

Denmark 1.2 (1) (8) -25 (6) NA NA 57 (13) (4) -2 (0.6) 
24 (12) (3) 

NA 

-16 (20) 

NA 

Finland 
0.3 (0.1) (42) 

1 (0.3) (42) 

-27 (1) 

-47 (1.3) 
13 (1.2) (86) -4 (1) NA NA 

3 (2) (4) 

-19 (4) (10) 

-12 (-) 

NA 

Germany 2 (1) (77) -45 (3) 12 (2.5) (20) -6 (0.8) 6 (3) (23) -4.6 (2) 25 (6) (122) -2.5 (2) 

Netherlands 
13 (0.4) (9) 

NA 

-52 (2) 

NA 
NA NA NA NA 

18 (4) (5) 

NA 

-25 (0) 

NA 

Sweden 
0.4 (0.1) (11) 

NA 

NA 

NA 

11 (1) (33) 

4 (1) (17) 

-10 (2) 

-8 (2) 
NA NA NA NA 

Poland NA NA 
29 (0.25) (2) 

NA 

-4 (0) 

NA 
NA NA 

18 (3) (2) 

NA 

-2 (5) 

NA 

UK 
NA 

1.3 (1) (3) 

NA 

NA 
7 (2) (11) -15 (1) NA NA 3 (4) (6) -40 (-) 

France NA NA NA NA NA NA 
NA 

2 (4) (4) 

NA 

-11 (4) 



30 

Mitigation potential of rewetted peatlands 

 

* Including semi-natural, ** including forestry-drained. Temperate and boreal regions are defined by 
the Köppen-Geiger climate classification. “Temperate” comprises the climate classes 15 and 16. 
“Boreal” comprises the climate classes 18, 26 and 27. The regional selection is confined to Europe.

Climate region 

Temperate 3 (0.6) (133) -48 (2) 7 (1.5) (25) -8 (1.7) 
30 (9) (10) 

5 (3) (17) 

-3 (1) 

-5 (8) 
30 (6) (105) 3 (2)  

Boreal 
0.4 (0.1) (55) 

2 (0.4) (26) 

-39 (2) 

-20 (1) 

14 (1) (94) 

8 (1) (61) 

-6 (11) 

-9 (1) 
NA NA 

31 (7) (23) 

0.4 (1) (61) 

8 (6) 

-15 (1) 
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Annex 2 

The fitting of the modified Gompertz function for CO2 and the exponential equation for CH4was done in 
R using a nonlinear least square fitting algorithm.  

 

The modified Gompertz equation: 

 

𝑁𝐸𝐸𝑊𝑇𝐷= 𝑁𝐸𝐸𝑚𝑖𝑛+ 𝑁𝐸𝐸𝑑𝑖𝑓𝑓𝑒
-𝑎𝑒𝑏𝑊𝑇𝐷

 

 

NEEWTD is the measured NEE value at a specific WTD, NEEmin, NEEdiff, a and b are fitting parameters 
where NEEmin is the mean minimum NEE value, NEEdiff is the difference between NEEmin and the 
mean maximum NEE value, a and b describe the strength and position of the slope. NEEmin reflects 
the mean NEE value for WTD > 0 while NEEdiff indicates to the spread between mean NEE values of 
WTD > 0 and WTD < -30 cm. 

 

𝐶𝐻4 𝑊𝑇𝐷= 𝐶𝐻4𝑚𝑖𝑛+𝐶𝐻40𝑒
-𝑑𝑊𝑇𝐷 

 

CH4WTD is the measured CH4 value at a specific WTD, CH4min, CH40 and d are fitting parameters 
where CH4min is the mean minimum CH4 value, CH40 is the CH4 value at a WTD of zero. d 
characterizes the sensitivity of CH4emissions to changes in WTD. In analogy to the decay constant in 
a first-order exponential decay process, d can be interpreted in terms of a "half-depth" λ, which 
represents the increase in WTD required for CH4 to decrease by 50%. This half-depth is given by: 

 

𝜆 = 
𝑙𝑛⁡(2)

𝑑
 

 

A larger value of d indicates a steeper decline in CH4 with increasing depth, whereas a smaller d 
reflects a more gradual decrease. This formulation allows for an intuitive interpretation of d in terms of 
depth-related attenuation of CH4 emissions. 
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Table 14: Gompertz equation (CO2 response function to WTD) parameters for fens and bogs. 
Significant parameters at p < 0.05 are indicated by **. 

Reference region 
CO2min 

[g CO2-C m-2] 

CO2diff 

[g CO2-C m-2] 
a 

b  

[cm-1] 

Germany (fen & bog) -91** 851** 9.5 0.13** 

Germany (Tiemeyer)* -93 1100 752 0.13 

Denmark (Koch)* -113.2 1090.3 614.5 0.14 

Temperate (fen) -50 668** 22 0.17 

Temperate (bog) NA NA NA NA 

Temperate (fen & bog) -79** 720 15 0.16** 

Boreal (fen) NA NA NA NA 

Boreal (bog) -50 839 8.3 0.1 

Boreal (fen & bog) -70** 307** 278 0.4 

Europe -82** 711** 5.7** 0.08** 

*Original parameters are converted from t C ha-1 to g C m-2 (“CO2min”, “CO2 diff”, “a”) and from m to 
cm (“b”). Note, there is no information available about the statistical significance of the parameters of 
the equation parameters of Tiemeyer et al. 2020 and Koch et al. 2023. 

 

Table 14 lists all parameter sets where the fitting algorithm found a robust solution. For Germany, 
there is no significant difference between mean NEE of fens and bogs for WTD above zero nor WTD 
below -30 cm, respectively. The fitted parameters of CO2min and CO2diff and b for Germany are very 
similar to the parameters published by Tiemeyer et al. 2020 and also Koch et al. 2023. The mean NEE 
values for temperate fens and bogs for WTD > 0 are significantly different, and for the boreal region 
mean NEE shows a significant difference for WTD < -30 cm. This is taken into account when fitting 
separate parameter sets for temperate fens and boreal bogs. However, there are currently not enough 
data to fit parameters for temperate bogs nor boreal fens, which reflects the natural distribution of fens 
and bogs in the respective regions. 
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Table 15: Exponential equation parameters for fens and bogs together (CH4 response function to 
WTD) for WTD ~< 20. “Valid to WTD” acknowledges the fact, that the exponential equations produce 
quickly excessively high numbers with increasing WTD when outside the range of the data used for 
fitting. 

Target region 
CH4min 

[g CH4-C m-2]* 

CH40 

[g CH4-C m-2] 

d  

[cm-1] 

Valid to 
WTD [cm] 

Germany (this study) 0.44 18.41** -0.045** ~+50 

Germany (Tiemeyer)* 1.3 29.2 -0.056 ~+20 

Denmark 0.005 40.27** -0.042 ~+30 

Denmark (Koch)* -2.148 25.9 -0.05 ~+20 

Finland -0.08 13.66** -0.01 ~+50 

Temperate 1.6 16.75** -0.056** ~+10 

Boreal (fens) 1.58 16** -0.02 ~+70 

Boreal (bogs) -0.03 6.6** -0.02 ~+40 

Boreal 0.37 11.56** -0.008 ~+60 

Europe (fen) 2.1 15.1** -0.025** ~+30 

Europe (bog) 0.18 6.52** -0.014 ~+30 

Europe 1.33 9.8** -0.05** ~+50 

* fixed at CH4-values for WTD < -30 cm 
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Annex 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Visualisation of the fitted Gompertz- and exponential equations and the resulting equation 
when combining the two, for Germany (top), temperate (middle) and boreal (bottom) region. 
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Annex 4 - Guidelines for the Estimation and 

Upscaling of Emission Factors  

These guidelines provide methodological guidance for the estimation and upscaling of emission 

factors (EFs) relevant to peatland greenhouse gas (GHG) inventories. They are intended to support 

consistent, transparent, and comparable reporting of emissions and removals in accordance with 

national inventory requirements. In addition to outlining approaches for deriving site-level EFs, these 

guidelines include an upscaling protocol that enables the integration of site-specific data into regional 

and national assessments – based on catchment areas. This ensures that locally derived data 

contribute meaningfully to inventory compilation at larger scales.  

The approaches presented reflect current scientific understanding of peatland dynamics and offer 

practical methods for estimating and upscaling EFs under varying environmental and management 

conditions through time. Users are encouraged to apply country-specific data, where available, and 

to document data sources, and methodological choices to ensure transparency and facilitate future 

improvements. This guide supports national inventory compilers, policymakers, and stakeholders in 

integrating Tier 2 Emission Factors (EFs) for peatlands into national GHG inventories, based on 

updated, site-specific data from WET HORIZONS project on peatland conditions, climate impacts, 

restoration phases, and mitigation potentials. 

Key Objectives 

• Apply temporally and spatially stratified EFs for peatlands. 

• Accurately reflect the effects of: 

o Rewetting stages (temporal phases). 

o Site-specific conditions (vegetation, land use management, climatic variability). 

o Impacts of climate extremes. 

o Estimating mitigation potentials of restored peatlands. 

• Improve GHG reporting from peatlands beyond IPCC Tier 1 default values, aligning with 

Paris Agreement requirements and enabling access to carbon markets. 

Core components of the updated Tier 2 EF approach 

1. Stratification by Peatland Condition: 

o Pristine/natural or near-natural peatlands 

o Drained peatlands 

o Rewetted peatlands and paludiculture sites (classified by restoration phase) 

2. Temporal Phases for Rewetted Peatlands: 

o Initial rewetting phase (0 to 5-8 years): High CH4, reduced CO2 

o Transition phase (5-8 to 15-17 years): Stabilizing emissions 

o Stable rewet condition (15+ years): Low CH4 variability, sustained CO2 sink function 

3. Spatial (and temporal) stratification based on: 

▪ Vegetation cover (mapped via spectral clustering) 

▪ Water table depth conditions and other biotic and abiotic parameters 

▪ Proxies derived from remote sensing products  

4. Climate sensitivity adjustment: 

o Integrate emission responses to climate extremes (e.g., droughts, floods) into EF es-

timates – result of task 2.2. 

Step-by-Step integration process 



36 

Mitigation potential of rewetted peatlands 

 

Step 1: Estimate mitigation potential for our WH catchment areas  

• Use updated spatial data provided by our wetland mapping partners (GMC- WP1-D1.3) and 

remote sensing products from the project to updated countries and catchment specific EFs for 

different types of peatlands. 

Tools: 

• Spectral clustering outputs 

• Vegetation class maps based on machine learning semantic segmentation 

• Modelling approach (Boosted Regression Tree and Random Forest) to estimate GHG balance 

dynamics after rewetting and identifying most explanatory drivers 

• Historical restoration data 

Step 2: Assign appropriate Tier 2 emission factors 

• Use the provided EF lookup tables, stratified by: 

o GHG type (CO2, CH4) 

o Mean annual water table depth 

o Mean annual air temperature range 

o Peatland categories 

o Restoration phase (if rewetted) 

o Dominant vegetation class 

Example: 

Peatland 

Type 
Phase EFCO2 (t C-CO2 ha-1 yr-1) EFCH4 (kg C-CH4 ha-1 yr-1) 

Rewetted 0 to 5-8 yrs     Reduced Elevated 

Rewetted 8+ yrs                  Transition – still sink Highest 

Rewetted 10+ yrs     Stabilized Transitioning to steady state 

Pristine N/A     Lowest Reference/control and high emissions 

 

Step 3: Adjust for climate extremes? 

• Apply EF modifiers if: 

o Droughts increase CO2 emissions temporarily. 

o Floods cause CH4 spikes in certain rewetted stages. 

• Use climate datasets and remote sensing time series (e.g., anomalies in soil moisture or vege-

tation index) to adjust EFs temporally. 

Step 4: Upscaling to larger areas: calculate area-based GHG 

mitigation potential per catchment in two levels: basic – Tier 1 

(area-based only) and advanced – Tier 2 (response function method 
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based on Gompertz-equation using measured and modelled WTD 

data for temperate region) 

• For each stratum (combination of peatland type, phase, and class): 

o Area (ha) × EF (t GHG/ha/yr) = Annual Emissions (t GHG) 

o Repeat for CO2, CH4 separately 

• The second approach uses peatland type-specific response functions of CO2 and CH4 to 

WTD. For CO2, a Gompertz function was fitted across spatially aggregated regions, based on 

data availability. For CH4, an exponential function was applied (D2.4). 

Step 5: Aggregate emissions to national level 

• Combine emissions across all peatland strata. 

• Integrate into the LULUCF (Land Use, Land-Use Change and Forestry) sector reporting un-

der the UNFCCC. 

 

Step 6: Document and sources 

• Include: 

o EF sources (this project's EF master dataset), and the restored peatland dataset in 

the form of Peatland EF Dashboard  

o Spatial data layers used 

o Temporal restoration information 

• Document any climate adjustment factors applied. 

Step 7: Reporting and verification 

Report under: 

o National GHG inventory submissions 

o EU monitoring mechanisms (if applicable) 

o Voluntary carbon markets (if used for offset schemes) 

Provide: 

o Methodology description (matching IPCC Tier 2 definition) 

o Uncertainty assessment 

o QA/QC steps for data verification 

Deliverables from the project to support users 

•  EF lookup tables stratified by: 

o Peatland type 

o Restoration phase 

o Vegetation/drainage class 

• Geospatial data layers: 

o Vegetation maps 

o WTD maps  

• Protocol document: 
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o How to apply EFs, including temporal adjustments 

• Climate adjustment guidelines: 

o How to account for extreme weather effects on GHG dynamics 

• GHG calculation spreadsheets or national inventory models 

Conclusion: Why tier 2 matters 

• Integrating Tier 2 EFs ensures: 

o Higher accuracy than EF Tier 1 defaults 

o Recognition of the GHG mitigation benefits of peatland restoration 

o Better alignment with national climate targets and international agreements (e.g., 

Paris Agreement) 

Annexes  

• A: EF dataset (Peatland EF dataset for dashboard via D2.3: https://doi.org/10.5281/ze-

nodo.16965682 and the master EF-WP2 dataset: https://doi.org/10.5281/zenodo.16964557) 

• B: Calculation of peatland mitigation potential: 1) area-based and 2) WTD response function to 

GHG fluxes (D2.4) 

• C: Spatial dataset (Data available via D2.3, https://doi.org/10.5281/zenodo.16965385) 

• D: Defining temporal phases post-rewetting (D2.3) 

 

https://doi.org/10.5281/zenodo.16965682
https://doi.org/10.5281/zenodo.16965682
https://doi.org/10.5281/zenodo.16964557
https://doi.org/10.5281/zenodo.16965385

