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Summary

A method to calculate CGemissions from subsidence was developed. Empnetationships
between ditchwater and groundwater levels and dahse were derived based on monitoring
results collected during more than 30 years. Widsé relationships, data from the Dutch Soil
Database and water management databases we caddhlat the annual G@mission of Dutch
agricultural peat soils is 4.25 Mton. High ditchesalevels is a way to diminish oxidation and so
CO, emission of peat soils but will make the tradibdairy farming on peat soils economically
impossible. Subsurface irrigation by submergedndra investigated as a promising alternative.
Keywords: subsidence, GHG emission, conservation, ditchwetel, groundwater level

Introduction

According the United Nations Framework ConventionGlimate Change the Netherlands has to
report emissions of greenhouse gases periodiaatlyet UNFCCC secretariat in Bonn in a
national inventory. This should be based on intéonally comparable methodologies, be public
and transparent, include all sources and removyadsrniis of all greenhouse gases. A specific
source mentioned by the International Panel on &knChange (IPCC) is the G@mission

caused by agricultural use of organic soils. Thas wot reported according to international
standards and partly missing in the National InegnReport for the Netherlands. Therefore the
objective of this research was the developmenhohgernational accepted method to calculate
CO, emissions by agricultural use of peat soils.

In a review Kasimir-Klemedtsson et al (1997) camga three methods to determine greenhouse
gas emissions from farmed organic soils: (a) esémftom subsidence rates; (b) by modeling
using precipitation and temperature as input véggkand (c) by measuring G@&missions.
Method (c), the direct measurement of the,@@ission with closed chambers is complicated by
the soil respiration of fresh organic matter. laittcomparison between methods (a), (b) and (c)
Kasimir-Klemedtsson et al (1997) assumed a sqtirason of fresh organic matter of 38%. A
further complication is that CGemissions vary very strongly in time and requi@enor less
continues measurements during the whole year. Neless direct COemission measurement
is a widely used technique and a lot of data ikect#d in this way. Method (b) is based on an
empirical relationship between the subsidence ligatbon and the annual precipitation divided
by the annual mean temperature (Eggelsman, 19%&)CD emission calculated by this method
proved to be unrealistically high and much higlmant calculated with the methods (a) and (c)
(Kasimir-Klemedtsson et al., 1997). Method (a), tatulation of the C@emission based on the
subsidence of peat soils is a robust method, bedhessubsidence is usually measured over
many years (sometimes decades) and is in a longgerspective mainly caused by a summation
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of oxidation and so C£emission. Subsidence of drained peat soils isethlbg oxidation of the
organic matter of the peat soil, consolidationhaf peat layer and permanent shrinkage of the
upper part of the peat soil above the groundwatezll To calculate the G@missions the

fraction subsidence due to oxidation of organicteratompared to the total subsidence is
needed. According to Armentano and Menges (1988) fitaction varies mostly between 0.33 to
0.67. According to Eggelsman (1976) the fractiof.i&and this value was also used by Kasimir-
Klemedtsson et al (1997) in their comparison offmads. They found that G@missions derived
from subsidence are in rather good agreement wigletdCQ, measurements (method (c)).

In the Netherlands research on the subsidenpeaifsoils has a long tradition. In the period
1965 — 1980 surface levels of peat soils were niedsevery year or with intervals of e.g. 10
years. A series of measurements started by Schebific®77) around 1970 is still ongoing. The
availability of a lot of data on subsidence of p&ats and the good agreement of method (a) with
the direct CQ measurements (method (c) (Kasimir-Klemedtssoh ,e1297), was reason to
develop a method to calculate €€nissions from subsidence.

Next question is how to reduce £€émissions. High ditch water levels is a way toidigh
oxidation and so C£emission of peat soils but will make the tradiibdairy farming on peat
soils economically impossible. A viable economiayléarming is needed for the preservation of
the highly valued cultural historic landscape ia tentre of the Netherlands (the “Green Heart”).
Therefore the project ‘What about the peat?’ wigbed to find best water management options
to preserve the landscape and to minimize the dagom of peat soils. We present a promising
option namely the use of subsurface irrigation ddynserged drains with a drain spacing of 4 to 6
meters.

Methods and Materials

Calculation of CQ emission from subsidence
The yearly CQemission from the subsidence of peat soils has bakeulated according to:

CO, ., = F 0S,, [p,, Ofryg Cire Gg' 1ot 1)

where:

COem = CO emission (kg Coha yi)

F = fraction subsidence due to oxidation of organatter compared to total subsidence
Snv = subsidence (m ¥

Dso = bulk density peat (kg )

fros = organic matter fraction peat (-)

fre = carbon fraction organic matter (-)

In equation (1) the parametd¥sps,, frosandfrc are generally related to the upper layers (upper
20 to 30 cm) of the peat soil. A major source afartainty is that the fractiof varies between
0.33to 0.67 (Armentano and Menges, 1986). Theszei@ developed another approach. We
used a fractiofr = 1 combined with values pf,, frosandfrc of the fibric peat layer in the

subsoil (at a depth of e.g. 120 cm). This approsi&xplained in Figures 1 and 2. A major
advantage of this approach is also jhgtfros andfrc of fibric peat (Von Post classification H1 —
H3) depend mainly on the origin of the peat and tiha variations in these values are small.
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Fig. 1. A schematic presentation of subsidencesat poils in the first 10 years after drainage of
a peat soil. A thick peat layer is situated abovaiaeral layer. Before the ditchwater levels are
lowered the upper humic and mesic peat layer hidsc&ness of about 50 cm and the subsidence
is then mainly caused by oxidation and is low. déepest groundwater level is about 50 cm.
After lowering of the ditchwater level subsidenceederates and it takes several years before the
subsoil is consolidated and the topsoil is (partiymified by shrinkage and oxidation. From then
on subsidence is mainly caused by oxidation. Eepelst groundwater level is about 100 cm.
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Fig. 2. The next 20 years are considered. From twortéme ditchwater levels are adapted to the
subsidence. In 20 years the total subsidencems. arcthis period the layer of fibric peat got z
cm thinner, which is added to the top layer of lmarid mesic peat above it. In this way there is
an inflow of C into the top layer from below andautflow of C as Coto the atmosphere above
the top layer. Considering that in time subsideisc@most completely driven by peat oxidation,
this means that inflow of C is equal to outflowCof Considering long periods this is not
completely true due to accumulation of mineral pamd very stable organic components.



Results and discussion

A comparison of our method with the usual methachtoulate CQ emissions from subsidence
With an example we tested whether the,@@ission calculated with our approach is in good
agreement with C@emission calculated with a fractidgh= 0.33 to 0.67 and values pf, fros
andfrc of ripened peat in the upper 20 to 30 cm of tiemofile. We considered a peat soil of
the experimental farm “Zegveld” in the Netherlandth ps, = 358 kg nit, fros = 0.58 andrc =
0.55 in the upper 30 cm of the soil profile (Scluws, 1977) angs, = 140 kg 1t , fros = 0.80
andfrc = 0.55 of the fibric peat soil at a depth of ln2Using our approach with the values of
the fibric peat subsoil in equation (1) with a fran F = 1 results in an emission of 2259 kg £O
ha' yr! per mm subsidence. Using the values of the uppen8of the peat soil in equation (1)
requires a fractioF = 0.53 to result in the same emission of 2259 ky 6a* yr' per mm
subsidence. A fractioR = 0.53 fits quite well in the range 0.33 to 0.66rid by Armentano and
Menges (1986) in their review, so we conclude thatresult of our approach is comparable with
results found in literature.

Relationships between subsidence, groundwater &etitchwater levels.

An unknown factor in Equation (1) is the subsider@iechwater levels are rather well registered
in the Netherlands. So, with a relationship betwditchwater level and subsidence we can
estimate the subsidence of all Dutch peat soiggimcultural use and calculate the £€nission
with equation (1). Available from literature wadaan ditchwater levels and on subsidence of
peat soils in the northern part of the Netherlaamtd a set of data based on measurements of
ditchwater levels, groundwater levels and subsidaid4 parcels in 5 locations during more
than 30 years. The derived relationships are pteden Figure 3. Note the effect of a thin clay
cover.
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Fig. 3. Derived relationships between (a) subsi@emed Ditch Water Levels and between (b)
subsidence and Deepest Ground Water Level (GWhgiers below Soil Surface (m —SS). The
Deepest GWL is calculated as the mean of the theepest groundwater levels measured in 14
days intervals in the period 1992 — 1998.



Calculation of the C@emission of peat soils in agricultural use in tetherlands

The data of the Soil Map 1 : 50 000 of The Netheftawas combined with Dutch land use
databases to determine the area of peat soilgicutigral use. The Netherlands have nowadays
about 290,000 ha peat soils of which 223,000 regncultural use, almost completely as
grassland. About 92,000 ha of the 223,000 ha haVaydayer of 15 — 40 cm, and about 9,000 ha
a sandy layer. The data of the Soil Map 1 : 50 @0Dhe Netherlands includes information about
the drainage situation. We used this informatioméke a estimation of the ditch water levels of
the peat soils in agricultural use. About 84,00th&s a shallow (around 30 cm); 117,000 ha an
intermediate (around 60 cm) and about 22,000 heep ¢> 90 cm) ditchwater level.

After the collection of all this data it was ircfaa simple GIS exercise to combine the data with
the relationships in Figure 3a to derive the sudrsig and to calculate the €@missions from

the subsidence by using equation 1. We calculateshassion of 4.25 Mtonne GQer year for

the agricultural peat soils in the Netherlands.Rethis is about 19 tonne ¢@er year. The total
CO, emission per year by oxidation of peat soils isiegjent with the C@Qemission of 1.7

million cars and is about 2.5 % of the nationahaopological CQ emission of the Netherlands.

Climate change can increase the subsidenceulastasitially. According to Querner et al
(2008) a climate scenario with an increase of teatpee with 2 C in 2050 and a change in air
circulation will increase the subsidence rate anthe CQ emission by almost 70 %. According
to Hendriks et al (2008) the subsidence rate angdédiission will almost be doubled at the end
of this century in the worst case climate scenario.

The increasing problems caused by the subsid&fifeat soils and the associated,CO
emissions was reason to start the project “Whatitathe peat soils?” to find ways to diminish
peat oxidation. Since 2003 a promising solutionliesen investigated: raising groundwater levels
in summer by infiltration of ditchwater via submedgdrains. Figure 3b shows that raising of the
deepest groundwater level towards a ditchwatel leve.g. 60 cm below the soil surface can
reduce subsidence substantially. Results of thid 8xperiment show that groundwater levels
can be raised enough to reduce subsidence nowduatlire by 50%. This is confirmed with
modeling simulations (Hendriks et al., 2008).

Conclusions

The problems with oxidation and subsidence of peds$ are ever more increasing. Climate
change will make the problems even worse. The tatlon of CQ emission from subsidence is
a robust and reliable method. Sub-irrigation viansarged drains might be a good solution to
diminish subsidence and G@missions of peat soils considerably.
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