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Ditches higher per-area 
greenhouse gas emissions 
than other inland waters likely 
due to high nutrient inputs

Ditch methane emissions up 
to 3% of total global 
anthropogenic 
methane emissions (Peacock 
et al. 2021).

Key data gaps include
ÅDitch mapping
ÅGlobally representative data
ÅDitch emission pathways

Publications on aquatic greenhouse gas emissions 
by type of inland waters (Silverthorn et al. submitted)

Why study ditches?
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Finland
Peatlands cover about 30% of land 

area, 2/3 of ecosystem carbon

30.10.2025

Turunen & Valpola 2020. 
Mires and Peat 26. 

Unlike many other European 

countries, 

most of the drained 

peatland used 

for forestry

17% of total land area 

drained for forestry

GHG sink or source?

Trees (pine, spruce, birch) 

were growing on 90% sites 

even before drainage for 

forestry
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Why study methane emissions from ditches?
ÅDitches in forestry drained peatland 
Å cover ca. 2,5-3% of area 
Å contribute to up to 100% of CH4 emission 
Å peat soil can be a CH4 sink especially under 

efficient drainage

ÅEmissions from ditches will impact 
whether a drained peatland is a net CH 4

sink or source Emission factors for national 
conditions (Tier2-3)  developed: the condition of 
ditches (depth, vegetated/not), time since 
drainage (Rissanen et al. 2023 Frontiers Env 
Sci)

ÅDitch network maintenance is changing 
along with new schemes in peatland forest 
management: ditch network maintenance not 
subsidized after 2023, Continuous Cover 
Forestry becoming more common

30.10.2025

CH4
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1. How does vegetation 

impact ditch CH4 emissions?
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Moss status
Moss-covered
Moss-free

Type

Polytrichum
Sphagnum
Sphagnum & plants
Sphagnum & Polytrichum
Water & plants
Water
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Ränskälänkorpi

Lettosuo

Paroninkorpi

CH4 fluxes from moss-dominated 
ditches ca. 90% lower than from 
open water ditches

Based on chamber measurements in 21 forestry-
drained peatlands 

Moss covered 2.6 g CH4 m-2 y-1

Moss free 20.6 g CH4 m-2 y-1

Rissanen et al. 2023. Frontiers in Env Sci

Currently Tier 1 emission factor 21.7 g CH4 m-2 y-1 applied 
the Finnish national GHG inventory 
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2. Why are methane emissions lower in moss 

covered ditches?

Some possible explanations:

Methane oxidation in moss layer 

- Carbon originating from methane 

incorporated in Sphagnumbiomass

Moss photosynthesis releasing oxygen in 

water

Oxic sediments in shallow moss-growing ditches 

30.10.2025



Methane cycling - Methods

Nutrient rich peatland forests under different management regimes in Ränskälänkorpi 
and Lettosuo, Finland  2021-2023. 

ÅThe ecosystem-atmosphere CH4 fluxes and their ŭ13C values from moss-dominated 
and open water ditches using chambers, bubble collectors and isotope and gas 
analyzer (cavity ring-down spectroscopy (Picarro G2201-i)

ÅCH4 and CO2 mixing ratios and their ŭ13C values in water and in sediment using 
collectors, gas chromatography 

ÅRole of CH4 as a C source for Sphagnum mosses growing in ditches, by analyzing 
ŭ13C values in submerged and partly submerged Sphagnum (tissue) using elemental 
analysis -Isotope ratio mass spectrometry.
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Bubble collectors

Sediment gas collectorsDissolved gas from water to gas phase
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Results: ŭ13C-CH4 in the ecosystem fluxes/pools

͋Ш13C-CH4 ӗ Open water  (mean SE) Sphagnum moss

CH4 released to 

the atmosphere 

(Keeling plots)

-57.0 (0.51) -54.8 (0.23)

Ditch water -55.9 (1.54) -58.8 (1.61)

Sediment pore 

water

-58.6 (0.93) -61.2 (2.99)

Å Flux from moss cover to the atmosphere enriched  in 13C 

compared to ditch water

Å Low CH4 efflux hampers the use of Keeling plot approach



Mean Methane Mixing ratios (ppm)

Layer Open water  
mean(SE)
N= 5 ditches

Sphagnum moss
mean(SE)
N= 8 ditches

Ambient 
air

2 2

Water 85 (30) 205(69)

Sediment  
5 cm

198000(83000) 194000 (58000)

[CH4] 4 orders of magnitude lower in water than in sediment, 
two forest sites, all management treatments



Methane release as bubbles seem to be lower 
in moss-covered ditches

Seasonal bubble flux 
mmol m-2 ditch surface
in Ränskälänkorpi 2023
N =3 bubble funnels per ditch 
type: moss-covered / open water 
ditches
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Is CH4 a significant carbon source for 
Sphagnum in ditches?

Å10-28% (5% -38%) of carbon in Sphagnum 
potentially originates from oxidized CH4

water δ 13C-CH4 -58 ‰ (53 -63‰)
water δ 13C-CO2 -17‰ (13–20 ‰) 
Sphagnumδ 13C-C 29.2 -35.8 ‰
ϥsotopic mass balance calculations accounting for the measured ƿ13C 
values of Sphagnum moss , dissolved CO2 and CH4 as well as fractionation 
against 13C during (mass -transfer -limited) moss CO 2 fixation



Summary

ÅMean seasonal CH4 emissions from moss 
dominated ditches 90% lower than from open 
water surfaces 

ÅMoss layer - in addition to surface sediment -
filters efficiently CH4 emissions from ditches

ÅMoss-dominated ditches occasionally net sinks of 
atmospheric CH4owing to CH4 consuming 
microbes inhabiting surface water and moss layer 
and using CH4 as a source of carbon and energy.  

Å10-28% of carbon in ditch Sphagnum mosses
potentially originated from oxidized CH4. 



Conclusions  for forest  management

ÅDitches overgrown by mosses reduce CH4 emissions from 
drained peatland forests  

ÅGiving up Ditch maintenance 

- an additional GHG mitigation measure to management practices 
that maintain a continuous forest cover, attenuate the changes in 
soil water level and thus reduce CH4 emissions from peat soils.



Conclusions  for GHG Inventory
ÅTier 1 emission factor overestimates CH4 emissions of moss-covered ditches of 

forestry-drained peatlands

ÅThe use of ditch type-specific emission factors clearly improves the accuracy of 
ditch emission estimates.

ÅWhat is the area of moss-covered ditches in Finland?
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