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Abstract

6.5% of the German UAA is located on organic s¢iéns and bogs). Nevertheless, the
drainage of these areas in order to allow theiicagfural utilization causes roughly a
third of the greenhouse gas emissions (GHG) of Gleeman agricultural sector, being
equivalent to 4% of the total German GHG emissid@isviously, German policies trying
to reduce the GHG emissions successfully must ¢attkik issue. The abandonment of the
cultivation of organic soils would be an effectipelicy to reduce the GHG emissions
however the question remains whether it is an iefficmeasure compared with the other

options?

In the paper we compare the land use on mineraloagdnic soils using the data of the
farm structure survey. We assess the mitigatioriscor the basis of the standard gross
margin of the agriculturally used peatlands anchwite sector model RAUMIS. Without
engineering and transaction costs the mitigatiostare in the magnitude of 10 to 45 €
per to of CQeq. This makes rewetting of peatlands at least inmieelium and long run a
fairly efficient options for reducing GHG emissigrespecially as the implications on the

sector are fairly small due to reallocation affects

Introduction

Undrained peatlands accumulate plant remains inenwgged and usually acidic
conditions over thousands of years. However, icéhareas are drained the oxidation of
the organic material starts and the peatland tvbomfbeing a net sink of Greenhouse
gases (GHG) into a net emitter.

Around the world, peatlands cover roughly 3.8 * h@ (bosTEN 2009). HOSTEN (2009)
estimates that the agricultural use of peatlandkices global GHG emissions in the
magnitude of 1.09 * Gtons * %,al. This is equivalent to roughly 13%-17% of the
non-CQ-emmisions of global agriculture (USEPA, 2006). Hwer, agricultural used
peatlands cover only 0.8% to 1.7% of the globaiadtural area. The estimate is based
on the data provided by dsTEN(2009) and ©Qeszczuk et al. (2008) regarding the extent
of agriculturally used peatlands and the extenttloé global agricultural land of
5.0 * 10 ha (FAOSTAT, 2010).



In contrast to other agricultural emissions, thessmons from peatland are not necessarily
correlated to the volume of production. The byléagest emitter is Indonesia, followed

by Russia, and China, Mongolia, USA, Germany andiayta (bOSTEN 2009). The Top
Ten emitters are accountable for more than 80%efglobal GHG emissions from
peatlands in 2008. Especially in South-Asia thessmons literally skyrocketed in the
recent decade. Table 1 shows that emissions frammell peatlands used for agriculture

are an important source of agricultural GHG emigsiprimarily in Asia and Europe.

Table 1: Annual CO,.qEmissions from agriculturally used peatlands
Emissions in 10° kg COyeq a™
1990 2008 1990 2008
Africa a7 56
Uganda 16 20
America 63 64
Brazil 12 12
USA 33 33
Asia 326 698
China 42 68
Indonesia 200 500
Malaysia 14 48
Mongolia 30 45
Australasia 15 30
Papua New Guinea 4 20
Europe 253 238
Belarus 27 27
Finland 12 8
Germany 33 30
Iceland 18 18
Poland 20 18
Russia (European part) 85 88
Rest of the World 160 154
Total 704 1086 704 1086

Source: Own presentation based o@ITEN(2009)

At national level the relevance of emissions froeatlands (based orodsTEN 2009) in
relation to emission of agricultural non @GHG (based on USEPA, 2006) varies
greatly. While in Indonesia the emission from paatls exceed the non G@missions by

a factor of 3.6, they account only for an equivalein7% of these emissions in the USA.

In Germany the emissions from peatlands is equitale about 40% of the non GO
GHG emissions of the farm sector in 2008. Thesessions correspond to roughly 4% of

the total German GHG emissions (UBA, 2009). Obvipu&erman policies trying to



reduce the GHG emissions successfully must tadkike issue. In most cases the GHG
emissions from the cultivation of peatlands canydm markedly reduced if the water
table is altered implying an abandonment of agtioel or at least a significant reduction
of the land use intensity. The abandonment of thévation of peatlands would be an
effective policy to reduce the GHG emissions howdhe question remains whether it is

an efficient measure compared to other options.

Up to now the economic implications of a rewettofgagriculturally used peatlands were
mainly analyzed at farm level (e.g.AKTELHARDT & HOFFMANN, 2001; SHALLER &
KANTELHARDT, 2009). To our knowledge the only regional stutthgt discuss this option
as a mitigation strategy is conducted for Swissicadpure (HARTMANN et al., 2005).
However, the authors exclude this effective optioom their cost calculation as in
Switzerland wetland restoration would primarilyedt horticulturally used areas, making

this option rather expensive.

We base our assessments of the costs of rewetengahys agriculturally used peatlands
on a two step procedure. In the first step, we ml®wetailed information on the current
agricultural use. In particular we will compare tingdization of peatlands with the one of
mineral soils. Based on this data we can estinfaedistribution of opportunity costs at
farm level. In the second step we will use the @agtural sector model RAUMIS for

assessing the impacts of abandoning the agriclltpraduction on peatlands on

commodity output and net value added, and to apaigterferences with area-related

direct payments of the EU Common Agricultural Pglic

The paper is structured as follows. First, we vdéscribe the used data. Second, we
briefly explain the applied method for the statiatianalyses and modelling. Third, we

will present the results. The paper closes withiafldiscussion and outlook.

Material

To assess the land use on German peatlands, wggdigmte the information in the
available data sources up to the municipality lev@r the calculation of the area of

agriculturally used peatlands we use the same itlhgoras the German GHG inventory



(HAENEL, 2010, p. 351). The distribution of peatlands &ided from the Soil Map of
Germany at scale 1:1,000,000 (BUEK 1000) (BGR, 20E®dr each municipality we
calculate the share of grassland and arable langleatiand, using the Digital Landscape
Model (Basis-DLM) for Germany (BKG, 2008). The BASDLM maps the distribution
of different land uses at the scale of 1:2,500. $Mpplement this data with information
on agricultural land use provided by the farm dtwual survey ((ASE): FDZ, 2010). This
data is based on the full sample of the German faopulation and is available for the
years 1999, 2003 and 2007. The highest spatialusn of the ASE is the municipality.
However, one must bear in mind that the ASE does map the farms’ activities
according to the location of the plots but of thenfis’ headquarters. This might especially
induce some bias in Eastern Germany and Schlesvailgtéin, where the farms are

comparably large, measured in ha, compared toitteead the municipalities.

In order to allow a comparability of the data thgbout the years, we grouped the
municipalities that exchanged land during rediuwisioof local governments into joint

mapping units. This leaves us with 10,060 basesuoit the analyses. For the analyses at
the county level we merged the 85 urban countieadjacent rural ones, resulting in 317

units.

UAA on peatland covers 12 800 km? (~6.5 of GermadA) and is highly spatially

concentrated. High shares of UAA on peatland cgeaslly found in North-western part
of Lower Saxony, the central part of Schleswig-Heis, Mecklenburg-Western
Pomerania, Brandenburg and the Southern part oaiBa\Figure 1). While peatlands
cover large contiguous areas in the North and BR&ermany, there distribution is more

patchy in the South.
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Figure 1:  Distribution of UAA on peatland in Germany
Source: Own presentation based on BUEK 1000 andIBAS M



Methods

The aim of the statistical analysis is to distamdeether the land use changes in response
to a changing share of agricultural land on peatlaWe define the share of grassland

(pcL), arable landfa.) or UAA (puaa) On peatland as (Eg. 1):

AcLp AnLp AcLp t AaLp
(1) poL=—"=: Pa=—": Puan=—7t—"",
AcLt AaLt AcLt tAaLT

whereAg. p andAaL p are the respective areas of grassla@at)(and arable landAL) on
peatland, whiléAg, t andAa. tindicate the respective total areas in a giveniathtnative
unit. These shares are calculated for Germany tial Bnd each of then municipalities

andc counties.

We group the municipalities and counties accordingtheir share ofGL, AL or
agriculturally used land (UAA) on peatland into fdilent classes. The first class
aggregates the administrative units without anydlan peatland. Until 25% the classes
have a width 2.5% and beyond this threshold thedgtlwis doubled to 5%. For each class
we calculate as dependent variable a localizatraex | for different activities (Eq. 2)

and plot it against the appropriate shares of lamgeatland.

_Li/L
@)1= L /L

wherel,;; is the level of activity in the peatland share clasd ; is the total respective
reference area (GL, AL or UAA) in the peatland €hatass,L; the total aggregated
activity level, andL __ is the total respective reference area (adapteah fEcHmIT et al.,
2006).

The index | can be perceived as a specializatiolexn A value of one indicates that the
relative level of the investigated activity in thealysed class is equal to the relative level
for the entire sample. A value above one indic#tes the activity is more frequent in the
respective class than in the sample on averageaaradue between zero and one that it is

less frequent.



In the first experiment, we calculatg; in four different ways in order to assess the
impact of a changing resolution regarding the dstiion of peatlands on the results.
From experiment one to four the resolution becogmaser. In the first experiment we

use all the available information (Eq.3):

LY ; :ZZ(DALm* ALt *AaL * Poum * Aol t */]GL)* S
mdj fOm

(3) L

S =
3 * *
AnLt *AaL  AcLt FAaL

whereAx s andAg, ¢ are the arable land and grassland of fatatated in municipalityn.
Li: is the activity level at the farm and, and A; are binary variables indicating
whether arable land, grassland or both are theogppte reference for the respective

activity.

In the second experiment we assume that informatiorthe distribution of UAA on
peatland at municipality level is not available segiely for arable land and grassland but

only for UAA as a whole. Consequently Eq. 3 simpkfto Eq. 4:

(4) L2 =ZZ pUA/—\m*(AAL,f “An+ Aot */]GL)*Si,f

mdj fOm

In the third experiment (Eq. 5) we assume that amlgrmation on the county in which a
given farm is located is available, while differet¢d information regarding the shares of

grassland and arable land are provided:

(5) L3 :ZZ(pAal,c* At " Aa + Pgic ™ Ayl */]gl)* Pi,f

cOj flc

In the forth experiment (Eg. 6) we use only coulgyel information on the location of

the farm and analogous to Eq. 4 only the aggregsitade for UAA on peatland is known:

(6) L4 =ZZ Puaac* (AAL,f “An+ oLt */]GL)*S,f

cdj fOc

In order to investigate deeper the land use gradmm peatlands, we analyse the

cumulative density distribution for a set of sextindicators. These indicators include



standard gross margin, stocking (all livestock,zgrg livestock, dairy cattle) and tenure
for arable land and grassland. We calculated tmsiteplots in six different ways. These
variants differ in the way the activity data is aggated (farm, municipality or county
level) and whether the share of peatland is catedldased on differentiated values for

arable land and peatland or on one intermediate one

In order to account for the regional difference German agriculture, we divide our
sample into four study areas reflecting regionsicwhdiffer in their contribution to the
area of agriculturally used peatlands and in tfeim structure (Table 2). The study areas
are selected on the basis of the Gerrhaander Especially the two study ared®V and
NE are characterised by high shares of UAA on pedtlavihile only 38% of the German
UAA is located in these areas, more than 83% ofagecultural used peatland can be

found in these two regions.

Table 2: Definition of the study areas for the reginalized analyses
Laender Share of national Share of General farm structure
UAA on peatland national UAA

Schleswig-Holstein, Lower 48% 22% large family farms
NW

Saxony, (Bremen, Hamburg)

Mecklenburg-Western Pome- 35% 16% large commercial farms
NE ) :

rania, Brandenburg, (Berlin)
SO Baden-Wurttemberg, Bavaria 10% 27% small family farms
CE  Allothers 7% 35%

Source: Own calculation based on BUEK 1000 and BBABLM

We use POSTGRES®8.213 and POSTGIS®1.3.3. to hamhe@legeographical data and
SAS®9.1 for the statistical analysis.

For the assessment of the cost and consequencasantionment of agricultural use of
peatlands, the German agricultural sector model R#&J(regionalised agricultural and
environmental information system for Germany) isdigWeingarten, 1996; Roedenbeck,
2004). The methodological concept of the modelbggtem RAUMIS is an activity based
non-linear programming approach. The partial supplydel covers the entire German
agricultural sector and depicts agricultural pradut activities in consistency with the
economic accounts for the sector. We differentiétecrop activities (including set-aside
programmes and less intensive production systenms) 46 activities for animal

production. From a regional point of view the modeVers 326 model regions at county-



level (comparable to NUTS 3). These model regions equivalent to the smallest

optimising unit for the programming approach. Facle of these regions the database for
several base years is stored in activity basedicestr This data constitutes the basis for
simulations. The database can be divided into #eosal economic account for the

agricultural sector, regionalised statistics (atyivievels, yields) and computed data

(especially activity based input calculations). Thedel is used both fax-postanalysis

andex-antecomparative-static scenario simulations.

For the simulation of abandonment of peatland aseincremental tax of 300 to 1200 €
has been implemented on UAA on peatland. We perdamnulations for the target year
2019, using a baseline projection of the currenicatiural policy (Offermann et al.,

2010). Full decoupling of direct payments and regidflat rate payments for both arable

and grassland are considered as well as the abwishof the milk quota.

Results

Only in roughly a fifth (2,274 of 10,060) of the (B@gan municipalities at least some UAA
is located on peatland (Table 3). 4.4% of the Germwable landga) and 10.9% of the
grasslandfg.) are located on peatlands. Only in roughly 500 imipalities (Q75) more
than 28% of the municipalities’ arable land is lxhon peatland. While the number of
municipalities with grassland on peatland just iy exceeds the number of
municipalities with arable langg_m is roughly twice as high apa.m However, the
correlation between the two shares is fairly loakein the low resolution of the soil data.
If the shares are calculated at county level inkstéae peatland area is much more diluted
than at the municipality level. In addition the wation betweernpa . and pgLc iS

markedly higher than betwe@a, n andpg m.



Table 3: Descriptive statistics on the share of gssland GL) and arable land AL) on peatlands
for different administrative levels (municipality (m), county (c))

All observations Non zero observations only
No. Avg. St. Dev. No. Q25 Q50 Q75 Pearson’sr
PaLm 10,060 4.4% 11.4% 2,074 4.6% 13.1% 28.2%
PeL,m 10,060 10.9% 22.1% 2,241 9.8% 28.5% 53.5%
PaL,m; PeLm 2,274 0.65
Pat.c 317 4.4% 6.5% 154 09% 3.6% 10.2%
PeL.c 317 10.9% 15.8% 160 2.0% 8.9% 22.1%
Plac, PoLc 160 0.78

Source: Own calculation based on BUEK 1000 and BBABLM

The cumulative density plot shows that when da¢aaggregated at the county level only,
especially the extent of areas with high sharegpedtland is greatly underestimated
(Figure 2). An economic analyses based on counigrames only, would therefore
underestimate the economic consequences as famgeaerally fairly immobile and the
more concerned a farm is by a (political) measuhes fewer and the more costly are

generally the adaption options (egANGELHARDT & HOFFMANN, 2001).
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Figure 2:  Cumulative density distribution of the UAA on peatland as a function of the share of
UAA on peatland
Source: Own calculation based on BUEK 1000 and BFABLM

Based on EqQ. 3 we present in the following paralgrapme descriptive information on

the agricultural utilization of peatlands in theufostudy areas (Table 4). In 2007 on



average half of the UAA on peatland is used aslar@md (AL), this share is only higher
in CE were peatland areas are generally more scattditeel.study aredNW differs in
several aspects from the remaining. First, the eshadrarable forage cropping (AFC)
(mainly maize) on the arable land is on the expeafseash cropping (CC) twice as high
as in the other areas. SecondNW rose the share of AL on UAA by 7% between 1999
and 2007, while it remained the constant in allaareln all areas, the area of AFC
increased from 111,000 ha in 2003 to 156,000 h20@7, while the area of CC declined
by 27,000 ha in the same period. This expansidikeéty due to cultivation of maize for

biogas as the number of grazing livestock unitsGtdropped in the same period by 7%.

Table 4: Agricultural utilization of the peatlands in the four study areas in 2007
AL onuaA Y GL on UAA MFA on UAA AFC on AF CCon AL
NW 49% 51% 70% 40% 60%
SO 48% 52% 63% 23% 7%
NE 53% 47% 56% 18% 82%
CE 58% 42% 54% 20% 80%
Germany 51% 49% 64% 29% 71%

Source: Own calculation based on BUEK 1000, BASISVDand ASE
1) AL: Arable land; GL: grassland; MFA: main forageea; AFC: arable forage crops; CC: cash crops

Localization indizes

The results for the localization indices are présénfor the year 2007 only as the
difference between the three investigated yearganerally negligible. We will focus on
five indicators describing the type and intensifyland use: share of grassland, standard
gross margin per ha, stocking density of livestasticking density of low input grazing

livestock, and the share of maize.

The proportion of grassland (GL) on the UAA incresisis the share of UAA on peatland
gets higher (Figure 3). Even in areas with veryhhétpares of peatlands (i.e. greater than
~60% at municipality and ~30% at county level) gfare of grassland on UAA is only
1.5 to 2 times as high as on the national averages. implies that even in municipalities
where the share of UAA on peatland exceeds 60%.461% to 60% of the UAA is used
as arable land. As the localization index on thenty level reaches similar levels but at

much smaller shares of peatland, one can concluatein regions with higher shares of



peatland also the likelihood that mineral soils ased as grassland is strongly elevated

compared to the national average.
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Figure 3:  Localization index for grassland as a funtion of the share of UAA on peatland for
different types of spatial data aggregation
Source: Own calculation based on BUEK 1000, BASISvDand ASE

The higher share of grassland in areas with highares of peatland does not mean that
the utilization of peatlands is in economic terrassl intensive compared to mineral soils.
Irrespective of the chosen data aggregation thaliloation index for the standard gross
margin (SGM) fluctuates over a wide range of shaveé2JAA on peatland around 1
(Figure 4). This means that generally the averaG®I $er ha is not influenced by the
presence of peatland. In regions with very highretaf peatlands the SGM per ha is
even higher compared to regions without any peddanrHowever, the respective

localization indices are based on comparatively ddservations.
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Figure 4.  Localization index for the Standard grossmargin (SGM) as a function of the share of
UAA on peatland for different types of spatial dataaggregation
Source: Own calculation based on BUEK 1000, BASISvDand ASE

The reason for the constant or even increasing S@&tsha is the positive correlation
between the stocking density and the share of pe@t{Figure 5). The increasing stocking
densities in peatland rich areas can mainly bebatied to a concentration of dairy

farming in these areas (not shown).
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Figure 5:  Localization index for the stocking in Ivestostock units (LU) as a function of the share
of UAA on peatland for different types of spatial cata aggregation
Source: Own calculation based on BUEK 1000, BASISVDand ASE

The distribution of grazing livestock kept at lomput levels (i.e. suckler cows and their
offspring, sheep and horses) indicates that gradsleon peatlands are managed as
intensive as on mineral soils, as these typeswvefstock husbandry barely respond to a

shift in the share of peatland (Figure 6).
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Figure 6:  Localization index for the stocking of gazing livestock units (GLU) kept at low input
levels as a function of the share of grassland (GL)n peatland for different types of
spatial data aggregation

Source: Own calculation based on BUEK 1000, BASISVDand ASE

Regarding the utilization of arable land the insiag importance of dairy farming is

mirrored by the positive correlation between tharshof maize and the share of arable
land on peat land. Even if the data are interpretatiously, one can see that in areas
with high shares of peatland maize is two to thiieees as frequent as on the national

average. This means maize reaches on average si&@@% to 50% in the crop rotation.



Localization Index

2 - X= |1 (municipality, differentiated shares)
,,,,,,,,,,,,,, ;k,,,,,,,,,,,,,,,,,,,,,, —&— 12 (municipality, average share)
—X—13 (county, differentiated shares)

14 (county, average share)

0 T T T T T T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Share of AL on peatland

Figure 7:  Localization index for maize as a functia of the share of arable land (AL) on peatland
for different types of spatial data aggregation
Source: Own calculation based on BUEK 1000, BASISvDand ASE

Cumulative density distribution

In the following section we present the resultsitd analysis of the cumulative density
distribution (CDD). Apart from the analysis of ttenure the data refer always to the year
2007. The data for the study aré& are just presented for completeness and will mot b
analysed in detail, as this study region summarizEnderwith a completely divergent

farm structure in West and East Germany. Gener#lg, way of delimiting the area of

UAA on peatland had negligible impact on the resudind the data aggregated at
municipalities lie between the bounds defined by @lggregation at farm or county level.
Therefore we will present only the two most extreoptions. The data at farm level are
based on differentiated shares of UAA on peatlamdenfor the data at county level an

intermediate value is used. Regarding the integpiet of the graphs one should keep in

mind that the steeper the depicted curve is thdlema the observed gradient.

Using standard gross margin (SGM) as indicatortlh@ short term opportunity costs of
abandoning the utilization of peatlands, shows gdéfierences between the study areas

(Figure 8). The lowest median values are foundNk (770 € per ha) while the median



reaches 1,800 € per haNW andSO. In NE the differences in the productivity at farm
level are comparatively small. This is indicatedthg step form of the function and the
narrow inter quantil range (IQR) of roughly 550 &. hn contrast the IQR iBO is nearly
twice as high. In NW the CDD of the county averafbws the distribution of the data
at farm level, at least for the top-left part oétgraph. This implies that here farms with a
high SGM per ha are frequently located in areasrwliee regional average is also high.
In contrast the form of the function is very stee@lSO and NE implying that at county

level high SGMs of single farms are levelled outlimy SGM of other farms.
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Figure 8: Cumulated density distribution of UAA on peatland as a function of the standard gross
margin (SGM) (€ per UAA ha) in the four study areasin 2007 at farm and county level
Source: Own calculation based on BUEK 1000, BASISvDand ASE

The differences in the level and distribution arerared by the CDD of the stocking
densities (Figure 9). The highest stocking densitian be found ilNW followed bySO
(median values of 1.5 and 1.2 LU per hahile the median stocking density reaches just
0.5 LU per ha inNE. Large differences among the farms can be obsernvéi¥v andSO
with IQRs of 1.1 and 1.3 LU per ha, respectivelyis®A at county level the CDD of
stocking levels forNW is relatively flat. This indicates large regiondifferences
regarding the importance of animal husbandry betwhe different areas with peatland

in this study area.
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Figure 9: Cumulated density distribution of UAA on peatland as a function of the stocking density
(LU per ha UAA) in the four study areas in 2007 afarm and county level
Source: Own calculation based on BUEK 1000, BASISvDand ASE

The picture is rather similar if only the stockimgnsity of grazing livestock (cattle,
sheep, horses) is put in relation to the main feragea (MFA) (Figure 10). In all study
areas 5% to 10% of the MFA on peatland is in famitout any grazing livestock. The
difference in the stocking levels betweRkV andSO is much smaller than a LU per ha
base. The higher difference for the LU per ha iathbc is due to high importance of pig
and poultry production in thBIW. The CDD on county data shows barely a gradient in

NE andNW, meaning that an intensity gradient exists mabdiow the county level.
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Figure 10: Cumulated density distribution of MFA on peatland as a function of the stocking
density (GLU per ha MFA) in the four study areas in2007 at farm and county level
Source: Own calculation based on BUEK 1000, BASISVDand ASE

Between the study areas the intensity of the for@geping, and its distribution, differs
not only with respect to the stocking density blsoaregarding the composition of the
stock. In NE 55% of the MFA on peatland is managefarms without any dairy cattle
(Figure 11). This is more than twice the share @f Bnd SO.



o .—__"__"""""""————————————.—.—. S i

90% -+

80% +

70% 4

60% +

50% -
— =NW county
40% A
SO county
30%
— = NE county
20% A

— = CE county
10% A

Cumulated share of total MFA on peatland for the study area

0% T T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 16 18

DairyCow per MFA
Figure 11: Cumulated density distribution of MFA on peatland as a function of the stocking
density (dairy cow per ha MFA) in the four study areas in 2007 at farm and county level
Source: Own calculation based on BUEK 1000, BASISVDand ASE

Between 1999 and 2007 we observe a reduction ostiieking density (left shift of the
curve) (Figure 12). Reduced densities are mainlgeoled for farms with low and
intermediate stocking densities (up to 1 LU per, &)ile the share of MFA on peatland
managed by more intensive farms is stable. A dé&stgccould especially be observed in
NE andCE.
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Figure 12: Cumulated density distribution of MFA on peatland as a function of stocking density
(GLU per ha MFA) in the four study areas in 1999 ad 2007 at farm level
Source: Own calculation based on BUEK 1000, BASISvDand ASE

In contrast to the SGM presented in Figure 8 timel leental payment per hectare (tenure)
is an indicator for the long term opportunity codismfortunately data on tenure are only
available for the full sample of German farms f®&39. Only data on the farms’ average
tenure could be used as the information on recentracts is rather sporadic. We assume

that the presented figures underestimate in tendgreccurrent tenure.

With respect to the tenure the differences betwbenstudy areas are much smaller than
for the SGM (Figure 13). This can be explained liyy tact that in dairy farming, which is
of particular importance iNW andSO, is associated not only with a high SGM but also
with high fixed costs and labour demands per ha miedian tenure lies between 50 € in
NE and 160 inNW and SO. Also the tenure varies much less in tHE (IQR of 80 €)
compared to th&O andNW (IQR of 250 €). Interestingly, in all study aremsgjuarter of

the UAA on peatland is used by farms who did natesainy tenure or a tenure of zero.
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Figure 13: Cumulated density distribution of UAA on peatland as a function of the average tenure
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Source: Own calculation based on BUEK 1000, BASISvDand ASE

For most of the analyzed variables and study atteasumulative density distribution for
municipality aggregates is located between farm awodinty aggregates, and the
distribution is more similar to county aggregatbart to the distribution derived from
individual farm data. The only exemptions referthe distributions of LU and SGM per
UAA in the study ared\NW for the years 1999 and 2003. In these case theesdbr the

municipality aggregates lie frequently above theridor defined by the county and farm
data. This can be likely attributed to the highgfrency of farms in this area which
operate with very high stocking levels (mainly poyland pigs) and consequently high
SGM per ha. As these very intensive farms usetless 5% of the study area’s UAA on
peatland, their values do not appear in the curadlaensity distribution at farm level.
However, these farms are likely to rely on regiondahA available for manure

application, thus indirectly affecting peatland use

A generally observed feature was that while thenstty distribution was stable, the size
of the reference area (UAA, AL, GL and MFA on peatl) varied markedly in
dependence of the chosen calculation procedurendst cases the differences between

the algorithms reached 10%.



Results of model simulations with RAUMIS

It is assumed that restored wetlands are not edéigfbr direct payments related to

agricultural land. The tax implemented on peatldrad thus to exceed the returns on
arable or grassland use, including direct paymeAistax of 300 € per hectare is

mobilising about a third part of all agriculturated peatland. Marginal land uses are
reduced, such as grassland at very low stockingsitles, set-aside and coarse grain
(Figure 14). In case of these activities, parthd tirect payments covers the production
cost, so that areas are abandoned more easilarailgl, temporary grassland is increased
on remaining arable land as a substitute for lestr@@anent grassland. Up to a tax of 700 €
per ha, the area of marginal arable crops and espegrassland is increasingly reduced,
and almost 80 % of all peatland under agricultwse is abandoned. At higher tax rates
less additional area is abandoned, because alse owmpetitive land uses have to be
reduced. For example, green maize is a compargtomhpetitive crop, as it is also used

for subsidized biogas production, and is incredgingduced only at higher tax rates.
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Figure 14: Area changes in 1000 hectare as a funoti of an incremental tax on peatland
Source: Own calculation based on RAUMIS.

Figure 15 shows the development of arable and lgnadsas a percentage of the total

respective area in Germany, together with the agmaknt of dairy and suckler cow herds



and the sectoral net value added at factor coshdisator for farm income. While the

suckler cow herd is reduced at lower tax ratesaupQ0 €, the dairy herd remains stable.
Instead, other cattle such as suckler cows ancktsedre reduced in the affected regions,
and forage production on remaining land is intaadifat elevated stocking densities.

Especially in regions, where stocking densities already high, we see an additional

intensification on the mineral soils.

Due to the adaptation processes, especially thentereance of the dairy herd, total
income loss is 3 % of the sectoral total (not iddhg the stylized tax on peatland under

agricultural use), although about 6 % of the adtwral land is abandoned. The sectoral
labour force is reduced by only 1.5 %.
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Figure 15: Adaptation path of an incremental tax onpeatland (NVAF = Net Value Added at Factor
cost)

Source: Own calculation based on RAUMIS.

Impacts on agricultural output are limited compatedhe reduction of 4 % of total arable
land and 10 % of grassland. In case of dairy pradog¢ output drops by less than 1 %,
wheat and beef are reduced by 3% ot 4 %. For cagnae and oilseeds, reductions are
between 6 and 9 %. This is both due to direct tdssrable land used for these crops, and

substitution effects on the remaining arable lasdh®e share of more competitive crops

increases.
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Figure 16: Impacts of an incremental tax on peatlad on agricultural outputs
Source: Own calculation based on RAUMIS.

Discussion and Outlook:

The simulation results show that the consequentebandoning agriculture on 90% of
the peatland are fairly limited. This option couktluce the GHG emissions by roughly
27*10° kg of CQeq. per year at the expense of 280 M€ net value adteid. sum is more

or less equivalent to the CAP payments awardedettlpnd areas. This leaves us with
mitigation costs of 10 € per ton of GQ. If direct payment would be granted even for
abandoned peatland the mitigation costs would hmseclto zero. Furthermore, the
employment effects are small as only 7,000 agrealt working units (1,5 % of the

agricultural work force) are laid off.

The results represent a first estimate of the raitan costs. One should keep in mind that
the results might be biased in one or the otheedfiion. A sector approach, like
RAUMIS, overestimates the factor mobility withincaunty as the resources of all farms
in a county are aggregated into one “county farldwever, the empirical analysis of the
land use shows that the differences between thasfare quite substantial. Especially
dairy farming and biogas production are two aci@atcurrently concentrated on peatland
whose economic performance is sensitive to trariapon distances. Consequently, the
reallocation of forage cropping to mineral soildlwiduce additional costs either for the
transport of the forage crops or the relocatiorpafduction facilities not covered in the

model.



Furthermore, RAUMIS assumes homogenous conditiongadricultural production, this
contradicts the empirical results, where we seeesprarked differences in the use of land
on peatland compared to mineral soils (e.g. comaénh of arable forage cropping).
Whether the vyields of the activities relocated framnganic to mineral soils are
comparable, higher or lower remains open. Consdtyehe impact of this bias on the

cost estimate is unknown.

The mitigation of results from the utilization ofeg@tlands does not only require an
abandonment of the normal agriculture use but iditexh a rewetting of the area.
However, the rewetting can only start after thelizdation on the last plot in a
hydrologically contiguous area has stopped. Thiplies that intermediate tax rates
overestimate the area that could be rewetted. ploblem is especially pronounced if

farms / plots with a different profitability aredated next to each other.

In contrast to the simulation results the empirgt@andard gross margins provide an upper
bound for the mitigation costs. Delimiting the rgations costs on the standard gross
margin of the UAA on peatland overestimates theigatton costs as adaption and
reallocation of profitable activities and labour st® are not accounted for. An
abandonment of 90% of the agriculturally used eats would imply a change of 1.2
billion € or mitigation costs of roughly 45€ pemtof COyeq

Neither the simulation nor the empirical resultglide some additional costs as the

engineering costs for rewetting the peatlandsamdaction costs.

Estimating the mitigation costs of abandoning agticral use on peatland is associated
with some uncertainties regarding the underlyingadalhe various data sources
delimiting peatlands in Germany differ substanyiail the mapped size and distribution.
This has obvious implications on the attributionlarid uses to organic and mineral soils.
The utilization of the different data sources foetermining the peatland area and
distribution will improve the confidence in the s and allows an assessment of the
potential error. Furthermore, the assumption thidlhiw one municipality the land use of
arable land on mineral and organic soils is idexitis challenged by the empirical result
that certain cultures are more frequent in munidies with higher shares of arable land

on peatland. The utilization of plot specific IAQ®tegrated accounting and control



system) data would allow investigating the intei@ttbetween soil type and culture on a

level below the municipality.
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