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

but no one asks how we got there.



What happened with The Netherlands?

BEFORE (~1000 AD)



Future human-induced land subsidence and GHG emissions

Coming decades
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Peat soils =

The Dutch peatlands = o

W Burried peats

* 9% of the Netherlands
contains organic soils

e 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 CO, yr

emission (Ruyssenaars et al.,
2020)

* National climate law and

climate agreement: reduction SR
of 1 Mton CO,,, yr in 2030



Bending the long term trend
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* 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



i- Submerged
drains

A= L L
2 o )

ransin to vvetla
Studied measures

paludiculture



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

van den Berg et al., 2017.

* 5x submerged drains
e 3x pressurised drains

 2x paludiculture (Typha latifolia),
Sphagnum

 1x nature conservation

* 1x transition to wetland

» 2x extensively grazed grassland
 1x peaty soil



Measurement site set-up
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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.

controle-perceel treatment-perceel
(drukdrains of onderwaterdrainage)
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Land subsidence measurements

Datalogger
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ANK_PTO01..PT04*1

Plot 1: Typha latifolia

Plot 2: Juncu/grasses + Typha seed/plant
Plot 3: Typha Angustifolia

Plot 4: Carex

Plot 5: Phragmites

Plot 6: Spahagnum

Plot 7: Holcus grasses

Plot 8: Typha angustifolia (new)

*1 Indication of sensor placement.

(Not exact on scale)
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220 cable -60 cm.
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Grondwaterstand (cm-maaiveld)

Impact measure (submerged drainage) on
groundwater hydrology
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Impact pressurised drainage system on surface

elevation d
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Impact measure on CO, emissions

_“
RF 8,6 15,3 -7* 16,9

MS 10,7 13,2 -7* 16,9
RF+MS 15,8 18.0 -6,2 27,6
RF -16,4 31,7 n.v.t. 15,3
MP -21,7 24,2 n.v.t. 2,6

RF+MP 9,2 18,3 n.v.t. 27,5
RF -5,4 27,4 n.v.t. 21,9
MS -11,5 25,7 n.v.t. 14,2

PT 5,5 11,4 onbekend 16,9
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Monitoring with SOMERS

SOMERS: Subsurface Organic Matter Emission Registration System

SOMERS

Landelijk registratiesysteem voor broeikasgasemissie uit het
veenweidegebied:

1. Jaarlijkse registratie van landelijke CO,-uitstoot

2. Vergroten begrip en monitoren van voortgang maatregelen
3. Begrijpen van koolstofbalans op perceelsniveau

Resultaat per perceel

* Jaaruitstoot CO, + CH, * Effecten gewas en
* Inschatting effect landgebruik
maatregel * Effect nutriénten
* Volledige koolstofbalans =« Validatie jaarbalans
* Proces gevoeligheid

Rekenmodellen
Landelijke dekking

PeatlandVU-module <« ANIMO-module
A

A
Parcel2D-module 4, Hydrus2D-module ¢ » SWAP-module

Procescomplexiteit

Perceelbreedte, archetype bodemprofiel, kenmerken maatregel,
klimaatdata, regionale stijghoogte dynamiek, landgebruik, etc.

12/21/2023

6 J 2.
Monit.orin Understanding
¢ < Mechanisms

1.
Measuring

N

5. \J 3.
Measures MOdEHIng

g

Money (CBA)

19



Monitoring on parcel level

Neerslagoverschot

NN

Perceelsbreedte
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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

Wwel
maatregel
. Grondwater Bodemtemperatuur en .
— — B CO.-uitstoot
S bodemvocht afbraakpotentie 2z
(dynamisch)

Geen T

maatregel

/ Voorlopigop basis

referentie van vaste relaties
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Slootafstand 40 m
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Zomer droogleggi
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Bodemarchetype is koopveen, slootafstand is 60m
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Three steps to daily, 5-cm interval, emissions

Grondwaterdynamiek
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SOMERS Monitoring per year
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Figuur 4.7: Gemodelleerde CO2-uitstoot voor verschillende droogleggingssituaties en jaren.
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Outlook

* Extending measurements to further include CH, and N,O

* 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 SIO!V_Q Deltares
GAS EMISSIONS AND LAND SUBSIDENCE FROM LOWLAND

PEAT IN THE NETHERLANDS » K==}
L AN I |
*" = ‘r % m (0
- i “ ’g& ”ﬁ“ ‘2 ﬁl S e LIVEERIES Radboud Un:Lr:telNumegen

-
oy t
", Broeikasgassen _ Loy \ e WP S
Veenweiden e Ry o e R A |
e e i i v O e g N o T UNIVERSITY & RESEARC
2 . - i _.A . r \‘l. ,"\.4_ \P 20 ~. ¥, s ; : > _ .’ _ By

2 Universiteit Utrecht

RUANNRY W
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
Velde, Gerard Velthof

RO AR A

= Delft
I U D If University of
(\) Flevo Instruments| e t Technology




	Deltares
	Folie 1: Land Subsidence and GHG emissions in the Dutch Peat Meadows
	Folie 2
	Folie 3: What happened with The Netherlands?
	Folie 4: Future human-induced land subsidence and GHG emissions
	Folie 5: The Dutch peatlands
	Folie 6: Bending the long term trend
	Folie 7: Studied measures
	Folie 8: Research aims (4x)
	Folie 9: Measurement locations
	Folie 10: Measurement site set-up
	Folie 11: GHG measurements with automatic closed chambers and eddy covariance towers
	Folie 12: Soil and water measurements
	Folie 13: Land subsidence measurements
	Folie 14
	Folie 15: Impact measure (submerged drainage) on groundwater hydrology
	Folie 16: Impact pressurised drainage system on surface elevation dynamics
	Folie 17: Impact measure on CO2 emissions
	Folie 18: But also airborne  measurements
	Folie 19: Monitoring with SOMERS
	Folie 20: Monitoring on parcel level
	Folie 21: Parameter space
	Folie 22
	Folie 23
	Folie 24: Three steps to daily, 5-cm interval, emissions
	Folie 25: SOMERS Monitoring per year
	Folie 26: Outlook
	Folie 27: A NATIONAL RESEARCH PROGRAMME ON GREENHOUSE GAS EMISSIONS AND LAND SUBSIDENCE FROM LOWLAND PEAT IN THE NETHERLANDS


