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The Dutch are admired for being able to 
safely live in a country below sea level……., 

but no one asks how we got there.
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What happened with The Netherlands?

Photo: H.J.A. BerendsenPhoto: G. Erkens
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AFTER (~2000 AD)BEFORE (~1000 AD)



Future human-induced land subsidence and GHG emissions

Past 1000 years

Coming decades



The Dutch peatlands

• 9% of the Netherlands 
contains organic soils

• Land use is mostly grassland
and dairy farming

• Peat is drained with ditches, 
with drainage depths of 0-
100 cm below surface

• Currently ~5.6 Mton CO2 yr-1

emission (Ruyssenaars et al., 
2020)

• National climate law and 
climate agreement: reduction
of 1 Mton CO2eq yr-1 in 2030

Peat soils

Peaty soils

Burried peats



Bending the long term trend

• But what are effects of proposed measures? 

• Where can we do what: what is spatially the most optimal combination of measures?

>> we need to understand the system much better, hence a National Research Programme

?

Erkens et al., 2016



Studied measures

Submerged
drains

paludicultureTransition to wetland

Addition of clay 



Research aims (4x)

1. To establish the effects of measures on the greenhouse gas 
emission and land subsidence in the peat meadow areas

2. To establish a measurement protocol for greenhouse gas 
emission and land subsidence in the peat meadow areas

3. Updating and improving the numerical models used to
greenhouse gas emission and land subsidence in the peat
meadow areas

4. Building a nation-wide measurement network to monitor the
greenhouse gas emission and land subsidence in the peat
meadow areas on the long term. 



Measurement locations

• 5x submerged drains

• 3x pressurised drains

• 2x paludiculture (Typha latifolia), 
Sphagnum

• 1x nature conservation

• 1x transition to wetland

• 2x extensively grazed grassland

• 1x peaty soil

van den Berg et al., 2017. 



Measurement site set-up

• Standard plot



GHG measurements with automatic closed chambers 
and eddy covariance towers
>> to investigate the effects of measures and to build a database of 
correlating parameters



Soil and water measurements
Sensors for: soil moisture, soil temperature, oxygen availability, and meteorological parameters. 

Samples of microbiological assemblages, geological and soil mechanical parameters, biogeochemical 
parameters. 



Land subsidence measurements



12/21/2023 14



Impact measure (submerged drainage) on 
groundwater hydrology
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Impact pressurised drainage system on surface
elevation dynamics
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Impact measure on CO2 emissions
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Location Treatment NEE Harvest C-input manure Net flux

ALD EC RF 8,6 15,3 -7* 16,9

MS 10,7 13,2 -7* 16,9

ALD KA RF+MS 15,8 18.0 -6,2 27,6

ASD KA RF -16,4 31,7 n.v.t. 15,3

MP -21,7 24,2 n.v.t. 2,6

ROU KA RF+MP 9,2 18,3 n.v.t. 27,5

VLI KA RF -5,4 27,4 n.v.t. 21,9

MS -11,5 25,7 n.v.t. 14,2

ZEG EC PT 5,5 11,4 onbekend 16,9
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But also airborne
measurements



Monitoring with SOMERS
SOMERS: Subsurface Organic Matter Emission Registration System
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Monitoring on parcel level
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Parameter space

Impacting factors on GHG emissions (and land subsidence)

• Groundwaterlevel
• Ditch water level
• Parcel width (incl dry ditches)
• Seepage/infiltration

• Deeper subsurface build up
• Total peat thickness
• Total thickness soft layers (only for land subsidence)

• Thickness of mineral layer at the surface

• Peat type (oligotrophic vs meso-/eutrophic)

• pH

• Management
• Manure addition
• Vegetation

12/21/2023 21





~17000 kg ha yr-1

~12000 kg ha yr-1

~9500 kg ha yr-1

~7000 kg ha yr-1

~19000 kg ha yr-1



Three steps to daily, 5-cm interval, emissions
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SOMERS Monitoring per year

12/21/2023 25Figuur 4.7: Gemodelleerde CO2-uitstoot voor verschillende droogleggingssituaties en jaren. 

Drainage depth (m below surface)



Outlook

• Extending measurements to further include CH4 and N2O

• Installing new measurement sites: under wetter conditions, but also 
on minerals soils

• Improving numerical models based on process-understanding

• Investing in validation sites and empirical relations

• In 2 years time….delivering on results to support policy development



A NATIONAL RESEARCH PROGRAMME ON GREENHOUSE 
GAS EMISSIONS AND LAND SUBSIDENCE FROM LOWLAND 

PEAT IN THE NETHERLANDS

Gilles Erkens, Ralf Aben, Jan van den Akker, Sanneke van Asselen, 
Merit van den Berg, Jim Boonman, Daniel van de Craats, Gijs van 
Dijk, Wietse Franssen, Christian Fritz, Mariet Hefting, Rudi Hessel, 
Saskia Hommes, Ronald Hutjes, Ko van Huissteden, Joost 
Keuskamp, Bart Kruijt, Ron Lootens, Bas van de Riet, Ype van de 
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