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A. SOMERS 1.0 technical description

SOMERS 1.0 is developecefticiently make parcebased computations gfeatlandCQ emission for
large areas. SOMERS 1.0 is padmilti model ensemble that was developed to register and
comprehend C@emissions from Dutch peatlandSOMERS 1ddnsists of two modules:
PeatParcel2D and th@APmodule.PeatParcel2Bimulates the phreatic groundwater levdlsat are
usedto determine soil moisture and temperatumvertime and depth. The AARodule useshese
simulatedsoil moisture andemperatureconditionsto determine thepotential aerobic microbial
decompositiorrate of soil organic matter in the unsaturated zotwecalculate C@emissions. This
appendix provides the technical description of both mt&s. The specific application fButch
peatlands is described in the main report.

A.l. PeatParcel2D module

A.1.1 Model setup

FigureA.1 shows the general seip of PeatParcel2The PeatParcel2Modulewas developedo
estimatetwo of the most importanicomponents ofierobic microbial dcomposition of soil carban
soil moisture and soil temperatur@igure A.1)The calculation of soil moisture and temperatuse
doneon a parcel scale, based omput information that isavailable on natiowide scale.The
foundationof PeatParcel2D is2D groundwater modelwhichsimulatesthe phreaticgroundwater
levelon adailybasis. Based on #groundwater dynamis, a soil moisture profilés determined. Soil
temperatureprofiles areassigned separately, based figld measurements.
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Figure A.1: Schematic design of PeatParcel 2D.



Instead of a dedicated unsaturated zone modesaurated zonejroundwatermodelis usedo
determine the conditions in the unsaturated zorihisapproach was taken because of several
reasons
1. Unsaturated zone models, as opposed to groundwater mo@detéscomputationalijheavy
2. Groundwater measurements areompared to soil moisture measurementslatively
abundant. These groundwater measurements can edufor calibration and validian of
the model.
3. Hydrological measuresimed atCQ emission reductionsuch as pressurized or regular
subsoil irrigation and drainage systems, affect soil moisture profile through their impact on
groundwater levels.

A.1.2 2D MODFLOW groundwater model

PeatParcel2Ds acrosssectional2D MODFLOWasednumericalgroundwater model to simulate the
phreaticgroundwaterlevelalongthe width ofthe parcel between two ditche®r a specitd period.
MODFLOW is a finigifference flow model developed bythe D$ Ay ( K S (MsDohdld& ™y n
Harbaugh, 1988nd is widely used tamulate groundwaterflow. The core mathematical model of

G§KS ah5C[ h2 O2 Yo hac$ a85FahdNdd prificiple pf coaserdation of mass to

describe movement of groundwatef constant density through a porous media.

PeatParcel2D utilizes the pythdmased FloPy environmerékker, et al., 200)&o automatically
generate 2D MODFLOWBangevin et al., 201 groundwater models for individual peat parcels in
the NetherlandsTodeploy the model for any given parcel in tBeitch peatlands, all the required
parameters should eithdpe available from natiowide mappeddatasets otbased onogical and
transparent assumptiond his means thafiour types of parameters to standardiziee discretization
and parameterization of thenodelcan bedistinguished

1. Parcel characteristicTihe parcel characteristics include the parcel width, surface elevation,

ditch water levels and if applicable characteristi¢haf appliedsubsurface infiltation

system. These parameters define the dimensions of the parcel and ditch water regime. For

the national monitoring programme tise parameters need to be derived framational

datasets:

o Parcel width:Agrarisch Areaal Nederla@DOK2022, abbreviated & AAN

documents the geographical delineation of every individual parcel with agricultural
land use in the Netherlands. Based on the assumption that every parcel
approximates a rectangular shape, the parcel width can be estimated through
Equation 1 using he parcel perimeter() and aread):

5 5 I‘A"q-—n
Hol ooy — 2 P
(1)

0 Surface elevation: Based on the Asihpefile an average surface level can be
determined for every parcel using theweelHoogtebestand Naerland (AHN,
2019. This is a digital elevation model of the Netherlands. Udexzlrecent version
(AHN3) has a horizontal resolution of 0.5m x 0.5m and is based on data acquired
between 2014 and 2019.

o Ditch water levels: the ditch water levels are deténed and managed by the
water boards and aréormally definedin peilbesluiten Target water levels are set
for so-calledpeilvakkenwater management areasyyhich comprises numerous
parcels Often, a separate winter and summer target level is distingusbut in
other cases the target levels are variablégthin bounds}hrough the year. In the
model ditch water levels can be set either as a winter (October to March) and
summer (April to September) level or as a timeseries if required.



o Ditch depth:Thebottom of the ditch is by default set to S&ntimetresbelow the
winter level Massopet al.,2006),but can also manually be adjusted.

o Characteristics odi subsurface infiltration systenif. applicable the characteristics
of infiltration systems can ab be includedUntil now these characteristics have not
been mapped nationally and must be set manually. The applicatiofildfation
drainage measureis the modellings described irsectionA.1.7.

2. Soiland hydrogeological schematizatiofhe ®il and hydrogeological schematization
determines thedepth and interconnectivity of different hydrogeological units. Three
sections are distinguished: soil profile, remaining Holocene layer and the aquifer sfStem
A.2) The hydrogeological schematizatimderived from/ is explained further inhe next
section.

3. Time dynamic parameters: The time dynamic parameters are required to incorporate the
hydrological boundary conditions of the model. This includes the groundwater recharge by
precipitationminus ewapotranspiration which entered on a daily basis in the top cells of the
model based on the precipitation map ©he Netherlands Hydrological InstrumeiH]I)
(Hunink et al., 2020)Thisprecipitation mapwas developed by the KNMI Wiprecipitation
and ewaporation measurements and has a resolution of 2000 m x 1000 m (Janssen et al.,
2020). he hydrologic head of the first aquiferas also obtained from the Nitl account for
the interaction between the (Holocene) confining layer ahd first aquifer.

4. Hydaulicparameters The hydraulic parameters reflect the properties of the soil to transmit
and store water in response to groundwater fluctuatiolmbese parametergclude the
vertical and horizontahydraulic conductivity, specific yiethd specificstorage The
derivation ofhydraulic parameterss explained further in the next section.

The widths of the ditches are currently ntaken into accountAll heightparameters argelative to
Normaal Amsterdams P€NAB, the referenceevelusedin heightmeasurements in the
Netherlands Parameters from existing datasets are alwegéined forthe centreof the parcel.

FigureA.l shows the standargroundwatermodel setup. The model widtrandtop elevationare
determined directly by the parcel charactstics.In the next sectionhe model discretization,
boundary conditions and parameterization will be discussed:

A.1.3 Discretization

A 2D modegrid iscreated along the short side of a parcel in between two ditches. By default, the
horizontal cell sizés 0.5 m. The vertical discretization of the model is deiagd by the il and
hydrogeological schematization and is subdivided in three parts, as sinokigureA 2.
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Figure A.2: Example of theetup of a
PeatParcel2D model gri€ells above th
ditch level are nofctive. The vertical
discretization is based dhe plot
characteristics and the soil structure. 1
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groundwater fluctuation and aerobic
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vertical resistance of the Holocene lay
on the hydraulic head of thethquifer.
The dimensionsf both layers are
obtained from theNHI(Hunink et al.,
2020) as well as the resistance and he
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Soil profile: The soil profile comprises the upper 1.2 meters of the modekdihgrofile is
assigned based on the archetyphkassification and th BRO soil maB(ouwer et al., 2021

as described in Section 3.1 of the main repBsed on a characterization of Dutch soils by
de Vries (1999), the archetype soil type gives infation on the depth, lithology and organic
matter content of different soil horizonghe soil profile is subdivided in model cells of 5
centimetre each. Theertical resolution is relatively high in this zone, because the
groundwater table will predominatg fluctuate within this zonandthe aelobic
decomposition occurs here.

Remaining Holocene confining lay&he remainder of the Holocene layer is baséd

GeoTOP, which is the most detailéD subsurface model of the NetherlandStéfleu et al.,

2012. GeoTOP comprises of 100m x 100m x 0.5m voxels with information on the most likely
lithology and geology up to 50 m below the surface. @tigbute lithology is usedo assign
hydraulicparameters at a later stagd@he attributel geology is used to deterime the depth

of the Holocene bas@elow the Holocene base the aquifer systsnpresent As the upper

1.2m is already described by soil profile, the upper two voxels are excluded and the height of
third voxel is adjusted to 0.3 m.

Aquifer systemTo acount for the effects of seepage or infiltration the upper aquifer is
incorporatedin the nodel as constant head boundary. The dimensions of this layer are
therefore not relevant. The aquifer is separated from the rest of the model by a resistance
layer with a standard thickness of 0.5 m. This resistdager represents the combined
vertical resistance of the full Holocene layer aaflects accordingly the vertical segge or
infiltration fluxes.The resistance is obtained from the schematizationha Netherlands
Hydrological InstrumentNHI;Hunink et al., 2020



For each cell, a distinctiaa made between 3 lithologies: peat, clay or sand, whiieterminethe
hydraulic parameters

A.1.4 Boundary conditions

The boundary conditions represent locationghie model where water flows into or out of the model
region due to external factors, such as ditches, precipitation, drainage etc. The standard magel set
includes4 boundary conditions: the ditchesurfacedrainage, recharge by excess precipitation an

the hydraulic head in the upper aquiféfhe first two boundary conditions are defined by the parcel
characteristis, the second two are defined by the tintnamic parameters. Pssurizel or nor
pressurizedsubsurface infiltration systems are also repeated in the model as boundary condition,
but this is separately discussedSectionA.1.7.

- Ditches are incorporated in the modirough a River packagthat ispart of MODFLOWA
river stage, bottom and conductance must be speciflaca river packge water leaves the
model through the river boundary when thgydraulichead in the cell is higher than the
river stage. Water enters the model through the river boundary when thedhia de cell is
below the river stage, but higher than the river bottoithe rate of flow is proportional to
conductance and the difference between the river stage and the head in the cell.

The river stage is directly determined by the ditch water leveither as fixed winter and
summer levels or as a timeseries. The riveattdary is only active in the cells between the
specified river stage and ditch bottom and mayyper timestep. The river bottom is equal
to the cell bottomof every cell where theiver boundary is activeLastly, theconductance
depends on the cell @z but corresponds by default to a resistaraféhe river bed material
of 1 day. This is plausible given the fine discretisation, which means that the ditch covers
several cells athno additional resistance is required.

- Surface drainage iacorporatedin the modelthrough aDrain packagé/Nhenever the
phreatic groundwater table rises above the surface level, the water is drained. A drain
elevation and conductance must Beecified. The drain elevation equals the surface level of
a parcel and the conduance is by default 100 #al.

- Rechargerecharge is incorporated in the model through a Recharge package. Only a
recharge rate must be specified. Recharge represgrasndwater recharge by surplus
precipitation from which runoff is not deductedrhe ddi recharge ratés obtained from
the difference between precipitation and refence grass evapotranspiration calculated
from interpolated maps produced by tHeoyal Netherlands Meteorological Institut€NM)
for the Netherlands Hydrological Instrumedafssen et al., 2030The horizontal redution
of these mapsgs 1000m x 1000m.

- Hydraulic head of the first aquifethe hydraulic head is the first aquifer is enforced through
a constant head boundary.o account fothe interaction between the (Holoces) confining
layer and the first aquifer, the upper aquifer or entire aquifer system is included as boundary
condition based omhe Netherlands Hydrological Instrumemtunink et al., 2020 The
simulated hydraulic head ahé location of the parcel is agsed to the first aquifer in the
model.

A.1.5 Parameterization

The hydraulic parameters reflect the properties of the soil to transmit and store water in response to
the groundwater fluctuations. These parameténglude the vertical and horizontal hydrtc

conductivity, specific yield and specific storage. Unfortunately, tipgsametershavenot been

mapped on a national scaénd due theirstrong spatial variabilitydepending on the lithology, origin

and humaninteraction(Holden et al., 2006 it will be difficult to do so.



To find representative values for these parameters nevertheless, the parameters are treated in two
ways: 1) the horizontal hydraulic conductivity and specific yield are estimated throeghsof a
calibrationanalysis; 2) vertal hydraulic conductivity and specific storage sr@uded under fixed
assumptionsAs parameters also relate to each other, not all hydraulic parameters can be
determined by calibrating simultaneously. Thisld result in a large set of parameter comhtions

that do not necessarily reflect the physical properties of the subsuiiackor equifinality.

Thehydraulicparameters are estimated by a calibration analysis using phreatic groundwater
measurements. This further explained in Section 4.1 iretimain reporf where a distinction is made
betweenthe 30 bestparametercombinationsfor eachregion with different hydrological conditions
Thisregionalapproach for the calibratiomnalysis is discussed in daph Chapter 4of the main
report. Herethe focusis on the other assumption that underpsrtheapproach for each of the
parameters:

- Horizontal hydraulic conductivifQ): The hydraulic conductivity is often recognized as most
dominanthydraulic property looghoudt 1940, Ernst 1983 he pheatic aquifer is assumed
to have a constanorizontalhydraulic conductivitypver depth. This is an oversimplification
but given only a single measurement of the groundwater lé&alailabl€rather than a
series of head measurements over depth), vaoias in horizontal conductivity with depth
cannot be identified reliablyThe total transmissivityor the rate at which groundwater flows
horizontally through an aquifers most important when it comes to saturated groundwater
flow, consideringa large ‘ertical flow resistance is absent in tpareatic aquifer since this is
represented by the resistance lay@ection A.1.3)Therefore the vertical hydraulic
conductivity has a limited influence on the phreatic water tabfesensitivity analysis
demonstated that the model results are not very sensitive to this assumption indéed.
fixed vertical conductivityof 20%o0f the horizontal conductivityas assumedrhe
conductivity of the soil layers was calibrated within the model setup.

- Specific yield¥): The specific yieldr drainable porositysthe voumefraction of a layer
that will yield when the watecandrain out under gravityA distinction was madédetween
aspecific yieldor clayand oxidised peafY; ) andaspecificyield for reducedpeat
(Yr )inthe calibration analysiOxidised peat and cleghare the parameter for specific
yield becauselte degree of oxidatioaffectsthe hydraulicproperties ofpeat. Oxidised peat
often contains more mineralized compants compared to reduced pearherefore,it was
assumel that oxidised peat has properties more similar to cdsycompared to reduced peat
(Vos, 1975Boonman et al., 2@.

Alsg a relationwasimplementedbetweenthe calibratedspecific yieldand depthconsistent
with De Laiw (2013). h winter ¢ when the groundwater table is relativehigh,and the soil

is moig ¢ the specific yield is relatively smalfhereasn the summerg with high
groundwater levels and low soil moistucghe specific yield isefatively highTherefore the
calibratedspecific yield isnultiplied by a correctioffiactor, which linearly increases over the
soil profile from0.5at surface level td.0at a depth of 1.2 m.

- The elastic storage is by default set to 19§).
- The drainage resistance is the resistance encountered by the groundwater flow towards or
away from the drains. No distinction is made between different drainage and infiltration

resistance. The use dfainage systems is elaboratedsection A.1.7.

The 30best parameter setfor each regiorcan be seen in the tables below, TaBld to TableA.3



Table A.1: 30 best parameter combinations for West Nederland.

Parameter | Horizontal hydraulic | Specific yield Specific yield clay| Drain resistance
set conductivity (m/day) | peat () ) (day)
1 0.3 0.6 0.25 20, 22
2 0.3 0.6 0.3 30, 40
3 0.4 0.3 0.5 28, 30
4 0.4 0.4 0.3 20, 22
5 0.4 0.4 0.4 28, 30
6 04 0.5 0.2 26, 28
7 0.4 0.5 0.25 26, 28
8 0.4 0.5 0.3 26, 28
9 04 0.6 0.1 22,24
10 0.4 0.6 0.15 26,28
11 0.4 0.6 0.2 22,24
12 0.4 0.6 0.25 24, 26
13 0.4 0.7 0.1 26, 28
14 0.4 0.7 0.15 28, 30
15 0.5 0.2 0.5 28, 30
16 0.5 0.3 0.4 26, 28
17 0.5 0.4 0.2 24, 26
18 0.5 0.4 0.25 30, 40
19 0.5 0.4 0.3 28, 30
20 0.5 0.4 0.4 30, 40
21 0.5 0.5 0.1 26, 28
22 0.5 0.5 0.15 28, 30
23 0.5 0.5 0.2 28, 30
24 0.5 0.5 0.25 28, 30
25 0.5 0.5 0.3 26, 28
26 0.5 0.6 0.1 26, 28
27 0.5 0.6 0.15 24, 26
28 0.7 0.2 0.3 30, 40
29 0.7 0.3 0.2 24, 26
30 0.7 0.3 0.25 38, 30




Table A.2: 30 best parameter combinations for Overijssel.

Parameter | Horizontal hydraulic | Specific yield Specific yield clay| Drain resistance
set conductivity (m/day) | peat () ) (day)
1 25 0.6 0.3 18, 20
2 25 0.6 04 22,24
3 25 0.7 0.1 14, 16
4 25 0.7 0.3 20, 22
5 25 0.8 0.1 16, 18
6 25 0.8 0.15 18, 20
7 25 0.8 0.3 22,24
8 5 0.4 04 20, 24
9 5 0.4 0.5 26, 28
10 5 0.5 0.1 12,14
11 5 0.5 0.15 14, 16
12 5 0.5 0.2 16, 20
13 5 0.5 0.3 18, 22
14 5 0.5 0.4 26, 28
15 5 0.5 0.5 28, 30
16 5 0.6 0.2 18, 20
17 5 0.6 0.25 20, 22
18 5 0.6 0.3 24, 26
19 5 0.6 0.4 28, 30
20 5 0.7 0.1 18, 20
21 5 0.7 0.15 20, 22
22 5 0.7 0.2 22,24
23 5 0.7 0.25 24, 26
24 5 0.7 0.3 26, 28
25 5 0.7 0.4 30, 40
26 5 0.8 0.1 20, 22
27 5 0.8 0.15 22,24
28 5 0.8 0.2 24, 26
29 5 0.8 0.25 26, 28
30 5 0.8 0.3 28, 30
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Table A.3: 30 best parameter combinations for Groningen / Friesland.

Parameter | Horizontal hydraulic | Specific yield Spedfic yield clay | Drain resistance
set conductivity (m/day) | peat () ) (day)
1 1.5 0.4 0.6 18, 20
2 1.5 0.5 0.1 18, 20
3 15 0.5 0.15 18, 20
4 1.5 0.5 0.2 18, 20
5 1.5 0.5 0.25 18, 20
6 15 0.5 0.3 18, 20
7 25 0.4 04 20, 22
8 25 0.4 0.5 20, 22
9 25 04 0.6 20, 22
10 25 0.5 0.1 22,24
11 25 0.5 0.15 22,24
12 25 0.5 0.2 22,24
13 25 0.5 0.25 22,24
14 25 0.5 0.3 22,24
15 25 0.5 0.4 22,24
16 5 0.3 0.3 22,24
17 5 0.3 04 22,24
18 5 0.4 0.1 26, 28
19 5 04 0.15 26, 28
20 5 04 0.2 26, 28
21 5 0.4 0.25 26, 28
22 5 0.4 0.3 26, 28
23 5 0.4 0.4 28.30
24 5 0.4 0.5 28, 30
25 5 0.4 0.6 28, 30
26 5 0.5 0.1 28, 30
27 5 0.5 0.15 28, 30
28 5 0.5 0.2 28, 30
29 5 0.5 0.25 28, 30
30 5 0.5 0.3 28, 30
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A.1.6 Regional groundwater model approach

Ditch water levels antbr implemented measures can differ between neighibiog parcelsBut in

case of dower groundwater flowresistancedue to thin peat or clay layers afud a highly conductive
layerunderneath the influence oimeasures imeighbouring parcelmaystretch over larger
distancesIn these same conditions, the hydraulic head in gigiifer belowthe peat layerdas a
larger influence on the phreatic groundwater lev@losimulak the groundwater dynamics in a parcel
with more interaction withneighbouringparcels and the aquiferthe regional groundwater model
approach was developedhis approach consists of timsodel modifications.

First, for the horizontal discretization, roughly 25 cells with exponentially increasing veidtresided

on either side of thalitches.Aside from the cell widths, all other parameters are kept constant. Next
to theseneighbouringparcels, roughly Rilometresof landis added, also with increasing cell widths.
All these cells are assigned a ditch in their upper cells, wiperatessimilar to the ditchesn the

main parcel but can also maintain a steady level.

Secondly, 7 aquitards and 7 aquifers are added below the parcel as giverNhittiscretization,
instead of the single layers used in thiegle parceethod. Moreove, the heads in these aquifers
are not assigned to each cell, but only to the outertngedls on the left and right borders of the
model. This approach should dampen the extremes in the aquifer heads, more equally distribute
pressures between the layers @herefore, reduceotential errors induced by th&lHL

Thisapproach was implementefor the calibration of the Overijssahd Friesland/Groningeregion
(see chapter 4 in main reporince the simulations with the original model showed a big infleenc
of the aquifer head on the groundwatével This is result ofthe relatively thin peat layeand
therefore lower resstances The calibration is further elaborated in the main report

A.1.7 Water management measures

The effects of three different ater management measures can be cadtedl in PeatParcel2D:
increase oflitch water levelspressurized or regular subsoil irrigatiand drainage, or a combination
of these measuredA ditch waterlevel increasésimplemented in the model through an adjtment

of the river stage in the ditch boundary conditions.

Subsaoil irrigatiorand drainage systems are represented in the model BY/ER package and haae
fixed depth and horizontal spacing. Foregular subsoil irrigatioand drainage system theaage is
equal to the ditch water level. For pressurizaubsoil irrigatiorand drainage systems an explicit
infiltration anddrainage scenario is defined. Whenever thalraulichead is lower than the stage in
the drains, the water enters the model througihis boundary (infiltrating), and whenever the head is
higher than the head in model water leaves the model through thimblany (drainage).

Theactual effect of the systens proportional to the difference between the stage and thalraulic

head inthe cell and the predefined conductancehe onductance depends on the dimensions of the
model cell and the drain resistancEhe drainage resistance in this case is the resistance encountered
by the groundwater flow towards or away from the draififismeans that it depends on the drain
system itself but also orthe properties of the subsurfacén reality, he drain resistacecanbe

different for water leaving and entering the drajrsut this itat presentnot distinguisked in the
parametrisation.

Similar tothe hydraulic parameters the drain resistance was determined through a stochastic
approach. A large set of drain resistanees tested against measured phreatic groundwater level
from parcels withsubsoil irrigatiorand drainage systemdhisis more exénsively described in
Chapter 4 of the main report.
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A.1.8 Soil moisture

Soil moisture idasedon the relation betweersimulatedgroundwater level andoil moisture(water
filled pore space, oWFPSprofiles byBoonman et al. (2022Qlthoughdedicated soil moisture
simulations omparcelscalewould providemore accurateesults, the useo models on a national scale
at presentnot applicable due to the long calculation times and required input parameters. In
addition, meastes such as (pressadd) subsoil irrigation and drainage, affect gl moisture

profile via the groundwater level.

The profilescompileaveragesoil moistureprofiles for a given groundwater levah 75 HYDRUS
simulationsfrom the study oBoonman et al(2022) (Figure A3). The 75 runs comprise different
weather and surface water conditionghe simulations were made for aqgelwidth a width of 35 m
anda typical peat meadowoil profile.A clay layemwas absent in thiprofile, but it contained
decomposedeat up to 60cm belowsurfacelevel. The moisture profilewere modelled fora profile

at 2/5 of the ditch distancewhich was assumed to be representative for 1/3 of the parcel, which was
used in this studyAccordingly, lhe soil moisture profiles are assignbdsedon the with

PeatParcel2D simulated groundwater levell&& of the parcel width

The profiles of Boonman et aRq22) are based on the averagi®m a simulation of one year per
groundwater level on 2 locationBifferent soil archetypes or the presencémeasures are not yet
considered. All of this may have a significant effect on the soil moisture pieditéuture versionsit
will be examined whether these factors can be explicitly added to the system.

In addition to the groundwater leveih reality the soil moisture profile iaffectedby soil properties
such as unsaturated permeability and porosity pogcipitation and (crop) evaganspration. These
are currently not included in the model. However, the relationship between
precipitation/evgotranspration isimplicitly includedin these archetype profiles, because a low
average groundwater level ocgimore often irsituations with relatively higlevaporation.

0.0

0.2 -%

g 0.4
= Groundwater level (m - surface)
2 — 0.025 —— 0425 —— 0.825
g 061 — 0.075 —— 0.475 0.875
z — 0125 —— 0.525 0.925
R 0.175 —— 0.575 0.975
° — 0225 —— 0.625 1.025
— 0275 — 0.675 1.075
1.07 — 0325 — 0725 1.125
— 0375 — 0.775 1.175
1.2 . ; . .
1.0 0.9 0.8 0.7 0.6 0.5

WFPS

Figure A.3: Soil moisture profile from Boonman et al. (2022). A specific soil moisture profile (water filled pore
space, or WFPS) is determined for each groundwater level, representative of the situation at 1/3 of the ditch
distance, with a typical peat meadow soil without a clay layer with decomposed peat up to 60 cm below
ground level. In subsequent versions of PeatParcel2D this will be expanded to represent different soils. Soils
moisture profiles of 1.075, 1.125, and 1.175 m -surface are identical to the profile of 1.175 m and are not
separately shown in the figure.

A.1.9 Soil temperature

Soil temperaturds measuted at all NOBVheasurement sitesThis version of PeatParcelZbased

on the temperature measurements 4 locations on the reference and measure plogween 01
05-2020 & 0102-2022.Thesemeasurementshow relatively little variation between the different
locations.Hence PeatParcel2D uses/erages of these measurements on all locations distinguishing
between a summer and winter temperature profiléqure A 4).

13



Distinguishing betweea summer and witer temperature profile means that there is an abrupt
transition from summer to winter temperature, whichirsrealitya slow transition depending on the

air temperature.Furthermore, the soil structure and groundwater level are emplicitly included in

the temperature calculationAlso, it is not taken into account yet that drainage measures can
increase soil temperatures (Boonman et al., 202herefore, theapproach obther models in the

multi model ensemble will be examined, artdnill be investigated whether the soil temperature can

be modelledin a simple way on the basis of the air temperature and soil properties for SOMERS 2.0.

assendelft aldeboarn rouveen zegveld

16
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Soil temperature *C
=
(=]

0 3 50 75 100 0 5 50 75 100 ] = 50 75100 0 5 50 s 100
{cm - surface) lem - surface) {em - surface) (cm - surface)
""" Summer average of single measurement = Summer average of all measurements
""" Winter average of single measurement = Winter average of all measurements

Figure A.4: Soil temperature profiles of measurements at NOBV locations between 01-05-2020 & 01-02-2022.
during summer (black lines) and winter (blue lines). Dotted lines represent the average of summer or winter
measurements at each location in either the reference plot or the plot with a measure. Due to the small
variations are seen between the locations, summer and winter averages of all locations were used, shown as
the solid lines.
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A.2. Peat decomposition model (AAP-module)

A.2.1 Model set-up

TheAARmoduleis apeat decomposition modehat was setup to make larg scale estimations of
CQemissionby aerobic microbiatlecompositionof soil organic natter in the unsaturatedzonein a
time-efficient manner.The approactio simulate potential aerobic microbial respiration rasesimilar
to the methodologypresentedby Boonman et al. (2@). The authorsntroduceda methodto
independentlyquantify the effect of soil temperature and soil moisture on fiwential aerobic
microbialrespiration rate Inour peat decomposition moddFig. A.5}he decomposition modebf
Boonman et al. (202) wasfurther expandedo estimateannualCQ emissions of drained Dutch
peatlands at parcel resolutiomhemodel does noticcount for the effect o§econdanyfactors such
as soil pH or nutrient concentrations, as more complex models

FigureA5 shows the general saip of the AARmodule. The AARmoduleestimates C@emissions
from soil moisture soil temperatureand soil organic matter contenthe inputgrid conditionscan
either bebased ommodelled or measuredata. Howeverthe model wasdesigned to seamlessly
work with modelled output ofPeatParcel2DTherefore, the model is described based in the context
of PeatParcel2Dl he stepwise approach and underlying principles are explain8ekctions A.2.2 to

A2.6.
input ‘ processing steps ‘ output
””””” Peat-Parcel2D |
Water-filled pore space eq. 2 | Relazlll\i\:]?t;ﬁ%sgon eq. 1
(WFPS [-]) 1 - (RAeps [) Aerobic
: decompaosition eq. 5
! ; — potential
Soil temperature | eq. 3 ‘_acﬁ\f}iltat:’;{tisrﬁ]"r:i;:re (AAP [-])
Tooi °C]) A ;
(Tsoit : (RAstermp 1)
______________________________ | CO5-emission
T Soil archetypes” j 7| kg COpaha’l]
. [Relative organic matter content| ! eq. 4 Organic matter mass
(Forg [-) 3 T (momlg ha)
Measured basal respiration
(BRmeas [kg CO? gOM-T dd])

Figure A.5: General set-up of the AAP-module.

The AAMModule calculates the C&emissions for each stochastic run) @t every grid cello and
timestep 0 . Bydefault, PeatParcel2D returns watditled pore space as a stochastic set to account
for the uncertainty in the hydrological modelling. The stochasticeuainty is then transferred in the
aerobic decompdsion potential, as. The grid cell§) has a vertical resolution of 5 cm and the
timestep 0 has a temporal resolution of one day.

A.2.2 Aerobic decomposition potential

The aerobidecomposition potential (AAR)escribes the potential aerobic micriath activityas
compared to a reference situatioin the same manner abe work of Boonmaret al. (2022) it was
assume that AAP is solely and independently affected by soil moisture and soil temperature.
Accordingly, AAR givenby Equation 2, which gthe product of two terms thateparatelydescribe

the effect of soil moisturec "O0 Y'and soil temperaturé’Y ) on the aerobic respiration activity

(Y 9 compared to a referencsituation. It is thus assumed that there is no interaction between these
factors.
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00D Y0 ehato 2 Yo ah
(2)

The aerobic decomposition potential isdr f soil temperature of 206 and watetfilled pore space
of 0.65. Soil temperatures or soil moisture conterg thatdiffer from these valueswvill negatively
affect the effectivity of themicrobial communityandthus lower the respiration ratesAlternatively, a
higher soil temperature wilitimulatethe microbialactivityand increase th€Q production Using
Equation 1, the aerobic decomposition potential is calculatedefmrhstochastic rung) at everygrid
cell @) andtimestep 0 .

A.2.3 Relative aerobic respiration activity i soil moisture

Foreffect of soil moisture on the aerobic microbial decomposition actiigystudy ofBoonman et
al. (202) is used.Boonman et al(2022)used te shape of the parabolic response curve€af
fluxes towater-filled pore space\WFP§ derived bySurichet al. (2019pased on longerm
incubation experiments, to create and test an ensemble of \W&eBSity curves against measured
nocturnalecosysém respiration rates at two DutafNOBV) measurement siteBhe best fit was
found as a betaidtribution shown inEquation3.

I @00 ™Mo kd T
T T @D g T

Yo & o
(3)
Theeffect of WFPS oaerobe microbial activityFHgure A.6.a) is optimal fora WFPSf 0.65 This is
roughly equal to70% of thefield capacityof peat soils depending on the structure of the pedtigure
A.6.b shows an examplef the relative aerobic respiration activity related to soil moisture in time and

depth. The largest respiration actty occurs in the shallow, unsaturated soil during the suen
period with relatively low phreatic ground water tables.

Relative respiration activity Example respiration activity in time

1.0 0.0 1.0
0.8 0.2 0.8 __
B )
- 2
0.6 é 0.4 0.6 E
. g o 6 0
7 .0
z B
3 =
T o
0.4 2 0.6 1 F04 9

=

S ]
o =
[ =
: " :
[
o

0.2 0.8 F 0.2

0.0 T T T T 1.0 T T T T T —- 0.0

0.0 0.2 0.4 0.6 0.8 1.0 W > ) A O
B Q O Q Q A
Water-filled pore space (-) ’LQ\} 10'\:)" 10\3 :10'\;5 1933 10":‘"

Figure A.6a (left): The effect of water-filled pore space on aerobe microbial activity. A.6b (right): The relative
aerobic respiration activity related to soil moisture in time and depth.

A.2.4 Relative aerobic respiration activity i soil temperature

Although theeffect of soiltemperatureon the aerobic microbial decompositidras beermmore
thoroughlystudiedthan that of soi moisture the effect of soil temperaturen aerobic microbial
decompositionhas also hobeenunambiguously establishe&imilarto the soil moisture activity
curve,the temperature activity curve for the potential respiration rate as adagdteceatlands by
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Boonman et al(2022) is applied. The relation is based on the work of Ratkowsky et al. (1983), Lloyd
& Taylor(1994) and Béth (2018) see Boonman et a(2022) for further detailsThe soil temperature

is assumed to influence potential respiraticates according t&quation4, with fitted”Y of -

1035 and®of 0.05 (Boonman et al., 2@P The equation relateaerobic microbial activity and soil
temperature relative to a reference condition of 20.

QY ad Y

Y6 oo —
w¢mo Y
(4)
Relative respiration activity Example respiration activity in time
0.0 1.0
1.4
1.2 4 0.2 0.8 —~
—_— c
E 2
101 3 g
g 0.4 0.6 E}'
0.8 2 =
: 2
5 3z
0.6 2 0.6 0.4 o
= o
T 2
0.4 a ©
[
0.8 F0.2 %
0.2 1
0.0 T T T T 1.0 —L 0.0
0 5 10 15 20 25 A ) S A O A
92 QO QO QO Q N
Soil temperature (°C) 10‘:5 10\3 1_0\3 10\'3 q_d\?’ 15)‘:5

Figure A.7a (left): The effect of soil temperature on aerobe microbial activity. A.7b (right): The relative aerobic
respiration activity related to soil moisture in time and depth.

The relationin Fgure A.7.ashows that the microbial activityill exponentially increase with
temperature FigureA.7.b shows an example of the relative aerobic respiratidtivig related to soil
temperature in time and depth based on the soil temperature output of PeatParcel2D.

A.2.5 Uncertainty in relative aerobic respiration activity-curves

The relative aerobic respiration activity curves as established by Boonman2022) ére not
conclusive. Similar relations have been derived and are used in more complex respiration models,
such as PEATLANDYJ (Van Huissteden et al., 2006) and SYWAAIMO Renaucdet al., 2005;Kroes et

al., 2017). Intercomparing these relations shdigtgly deviating trends between temperature,
water-filled pore space and aerobic decompositiostgntial for the different models (Figure &. At
present, none of the relations are substantially better ttahers.
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Figure A.8: aerobic respiration activity curves for soil temperature and water-filled pore space for the different
models within SOMERS.

A.2.6 COz-emission

Incubation measurements have demonstrated that peat samplédsatedfrom different NOBV
locations in the Netherlands show largsiynilar respiration ratesvhen corrected for the organic
matter content andvhenexposedo similarstandardisedconditions (Erkens et aR020). In view of
thesefindings the aerobicdecompositiorpotential can be used testablish tlke CQ respirationin
circumstance that theoil moisture andoiltemperature conditiongleviated fromthe reference
conditions(AAP =1

All sampledor basal respation measurementsvere collected fron the oxidationreduction
transition zoneand wereremouldedexposed toa constanttemperature of 2036 and a soil moisture
content of 0% field capacityThese conditionare close tahe optimal WFP$onditionsand
reference temperature conditionfor whichBoonman et al(2022)established the
activity/respirationcurves(AAP=1)

The results of thencubation experimentslone byErkens et al2020) (Hgure A.9) show thatbasal
respirationrate (6'Y ) roughlyvariesbetween 200 and 80 ugCQ per day pergramorganic
matter, with an overall mean of 313.83 (@2 gOM-1 d-1).

It should benoted that incubation measurements on the peat samples collected from the NOBV
measurement site in Assendelft showed significantly higher respiration rates than the samples
collected fromthe other sites. Pagntially the relatively high sulphate concentians in the soil at
Assendelft, which can also act as an oxidimereases the basal respiration rate in these samples
However, asieither theguiding mechanismsor the extent of these conditionare at presentnot

fully undersbod, theseresultswere not included in the calculation of the mean basal respiration rate
vy ).
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Figure A.9: Measured basal respiration rates of peat samples collected from different NOBV-measurement
locations. Measurements were carried out under optimal conditions in a laboratory (Erkens et al, 2020).

Incubationmeasurements corrected fdhe soil organic matter content give similar respiration rates,
implying that the respiration rates themselves are also affddig the soil organic matter content.
Unsurprisingly te CQ emissionrate increases with the totahass oforganic matterin a soil

Although organienatter masshas not been mappedidely for the Netherlands, de Vries (1999)
published standardized soitgfile characterizations includimglative organic matter conterfQ )

per soil horizonBased orthe empiricalrelation betweenrelative organicmatter content andorganic
matter density fitted on almost 100@nalysedsoil samples from the Netherlands (Erkens et al.
2016),the mass of organic mattemx could beestimated atevery grid cel{&) usingEquation 5.

a a “pn,nz p Q78 z'Q dzZw a
Q «q ) )
(5)
By defaultw is 500 ni correspondi to cells with a vertical resolution of 5 cm and a horizontal

resolution of 100x100 A The latter enableseportingthe CQ emissions pehectarg which isa unit
commony usedin the NetherlandsMultiplied with the area of a parcel (in ha) gives 6& emission
for that parcelper year.

Following all theequationsas desabed above CQemission for every grid cell, day and stochastic
run can be estimated usiriguation 6.

60 efafo 66 ERR za  az8Y
(6)

By integrating over time and depth an ann@® budgetper haper yearcan be established with an
uncertainty rangeeflectingthe uncertainty in the hydrologicahodeling.
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B.

Locate

West Nederland

Vinkeveen hv
Zegveld hv
Zegveld hv
Zegveld hv
Zegveld hv
Vlist pVv
Assendelft hv
Spengen pVv
Spengen pVv
Langeweide hV
Langeweide hV
Langeweide hV
Spengen pVv
Overijssel
Rouveen kv
Staphorst hv
Staphorst hv
Rouveen avz
Rouveen hv
Rouveen pVv
Zwartsluis pVv
Friesland
Hegewarren pVc
Lytse Deelen hVs
Koufurderigge kV
Koufurderigge kV
Gaastmeer kv
Idzega kV
Gaastmeer kv
Aldeboarn kv
Totaal

28

Archetype X (RD)

125263
117382
117417
117474
117541
116282
111039
122895
122827
114041
114112
113704
122858

202541
206582
204300
206766
205796
203552
203028

189089
191970
174107
173319
165893
166382
166089
189684

Y (RD)

467706
461007
461011
461022
461017
443895
498872
462559
463208
4522@

452206
452509
463149

516569
518603
518738
516847
513457
513362
514262

568681
562340
550797
551463
552858
554946
552989
563069

Tabel kalibratielocaties

Locate

West Nederland

Vlist pVv
Zegveld hv
Zegveld hv
Zegveld hv
Spengen pVv
Langeweide hV
Langeweide  hV
Langeweide hV
Langeweide hV
Langeweide hV

Overijssel
Rouveen kv
Staphorst pVz
Staphorst hv
Staphorst hv
Rouveen avz
Rouveen avz
Rouveen hv
Rouveen pVv
Zwartsluis pVv

Friesland
Koufurderigge kV
Spanga hv
Koufurderigge kV
Gersloot Vz
Aldeboarn kv
Totaal

24

Archetype X (RD)

116356
117425
117476
117542
122858
114276
114360
113964
114492
114630

202520
205729
206570
204300
206948

207777
205804
203574
202788

173064
188266
174101
192065
189543

Y (RD)

443907
460931
460940
460947
463149
450553
449790
451379
449500
450084

516420
520680
518571
518690
516805
512546
513407
513332
514412

551436
537357
550736
560163
563101
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Figuren Rekenregels SOMERS 1.0

Op de website van het NOBV (www.nobveenweiden.nl) zijn de rekenregels ook als excelfiles

gepubliceerd.
Inhoudsopgave Bijlage C

C. Figuren Rekenregels SOMERS 1.0

West-Nederland, winterpeil = zomerpeil, slootafstand 40 m
West-Nederland, winterpeil = -10 cm zomerpeil, slootafstand 40 m
West-Nederland, winterpeil = zomerpeil, slootafstand 60 m
West-Nederland, winterpeil = -10 cm zomerpeil, slootafstand 60 m
West-Nederland, winterpeil = zomerpeil, slootafstand 80 m
West-Nederland, winterpeil = -10 cm zomerpeil, slootafstand 80 m
Overijssel, lichte kwel, winterpeil = zomerpelil, slootafstand 40

Overijssel, lichte kwel, winterpeil = -10 cm zomerpeil, slootafstand 40
Overijssel, lichte wegzijging, winterpeil = zomerpeil, slootafstand 40
Overijssel, lichte wegzijging, winterpeil = -10 cm zomerpeil, slootafstand 40
Overijssel, lichte kwel, winterpeil = zomerpeil, slootafstand 60

Overijssel, lichte kwel, winterpeil = -10 cm zomerpeil, slootafstand 60
Overijssel, lichte wegzijging, winterpeil = zomerpeil, slootafstand 60
Overijssel, lichte wegzijging, winterpeil = -10 cm zomerpeil, slootafstand 60
Overijssel, lichte kwel, winterpeil = zomerpelil, slootafstand 80

Overijssel, lichte kwel, winterpeil = -10 cm zomerpeil, slootafstand 80
Overijssel, lichte wegzijging, winterpeil = zomerpeil, slootafstand 80
Overijssel, lichte wegzijging, winterpeil = -10 cm zomerpeil, slootafstand 80
Friesland/Groningen, winterpeil = zomerpeil, slootafstand 60 m
Friesland/Groningen, winterpeil = -20 cm zomerpeil, slootafstand 60 m
Friesland/Groningen, winterpeil = zomerpeil, slootafstand 80 m
Friesland/Groningen, winterpeil = -20 cm zomerpeil, slootafstand 80 m
Friesland/Groningen, winterpeil = zomerpeil, slootafstand 100 m
Friesland/Groningen, winterpeil = -20 cm zomerpeil, slootafstand 100 m
Friesland/Groningen, winterpeil = zomerpeil, slootafstand 120 m
Friesland/Groningen, winterpeil = -20 cm zomerpeil, slootafstand 120 m
Friesland/Groningen, winterpeil = zomerpeil, slootafstand 140 m
Friesland/Groningen, winterpeil = -20 cm zomerpeil, slootafstand 140 m
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West-Nederland, winterpeil = zomerpeil, slootafstand 40 m
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West-Nederland, winterpeil = -10 cm zomerpeil, slootafstand 40 m
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