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Abstract

Roughly 6.5% of the German utilized agriculturatars located on organic soils (fens
and bogs). Nevertheless, the drainage of theses anearder to allow their agricultural

utilization causes roughly a third of the greenteogas emissions (GHG) of the German
agricultural sector, being equivalent to 4% of ttmal German GHG emissions.

Obviously, German policies trying to reduce the GEIGissions successfully must tackle
this issue. The abandonment of the cultivation ajaoic soils would be an effective

policy to reduce the GHG emissions however the tjoesremains whether it is an

efficient measure compared with the other options?

In the paper we assess the mitigation costs orbdélses of the standard gross margin and
tenure of the agriculturally used peatlands andhwite results obtained from sector
model RAUMIS. Without engineering and transactiasts the mitigation costs are in the
magnitude of 10 to 45 € per to of €& This makes rewetting of peatlands at least in the
medium and long run a fairly efficient options f@ducing GHG emissions, especially as
the implications on the sector due to reallocatéfiects are fairly small.

Keywords: GHG-Mitigation, Landuse, peatland
1 Introduction

Undrained peatlands accumulate plant remains inenagged and usually acidic
conditions over thousands of years. However, iséhareas 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 peatlandkiéges 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). Har, agricultural used
peatlands cover only 0.8% to 1.7% of the globaicdtural area. The estimate is based
on the data provided byodsTEN (2009) and ©eszczuk et al. (2008) regarding the
extent of agriculturally used peatlands and theeeixbf the global agricultural land of
5.0 * 10 ha (FAOSTAT, 2010).

In contrast to other agricultural emissions, thessions from peatland are not necessarily
correlated to the volume of production. The by l&gest emitter is Indonesia, followed
by Russia, and China, Mongolia, USA, Germany andiayka (bosSTEN 2009). The Top
Ten emitters are accountable for more than 80%hef dlobal GHG emissions from
peatlands in 2008. Especially in South-Asia the ssmoins literally skyrocketed in the
recent decade. Emissions from drained peatlandd toreagriculture are an important
source of agricultural GHG emissions primarily isi& and Europe.

For Germany, the annual G@missions of drained peatland are in the magnitfde6
tons ha a* for grassland and 42 tons ha® for arable land (BPErR 2007). The
emissions from peatlands are equivalent to abo%i 40the non C@GHG emissions of
the farm sector in 2008 and correspond to rouglly df the total German GHG
emissions (UBA, 2009). Obviously, German policiggng to reduce the GHG emissions
successfully must tackle this issue. In most cdlsesGHG emissions from the cultivation



of peatlands can only be markedly reduced if théewaable is altered implying an
abandonment of agriculture or at least a significa&duction of the land use intensity.
The abandonment of the cultivation of peatlands ldidae an effective policy to reduce
the GHG emissions however the question remains hveneit 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 stutlyat discusses this
option as a mitigation strategy is conducted forisSwagriculture (WRTMANN et al,
2005). However, the authors exclude this effectpéon from their cost calculation as in
Switzerland wetland restoration would primarilyedt horticulturally used areas, making
this option rather expensive.

Forage cropping and in particular dairy farmingypéa important role in the agricultural

utilization of German peatlands 9RDER& OSTERBURG 2010). This fact complicates the

derivation of a reliable cost estimate, as esplc@diry farming is characterized by a
significant share of sunk costs, as most of thetahs fixed in immobile and inalienable

assets as stables and milking facilities. Therefeee use the standard gross margin
(SGM), the tenure and the gross value added toirolih@ short, medium and long term
costs of abandoning the agricultural use of pedtlaWhile the SGM and tenure are
derived from the farm structure survey the grossuevaadded is calculated with

agricultural sector model RAUMIS.

In particular we are interested in three questidgtsw do the SGM and tenure respond to
change in the share of peatland on the municipaéityel? Do the distributions of the

SGM and tenure for peatland differ between theedéht parts of Germany? How high
are the C@abatement costs for the abandonment of peatlands?

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 withiaflaliscussion and outlook.

2 Material

To assess the land use on German peatlands, wggdigmte the information in the
available data sources up to the municipality le\r the calculation of the area of
agriculturally used peatlands we use an algorittommarable to the one implemented in
the German GHG inventory @#NEL, 2010, p. 351). The distribution of peatlands is
derived from the Geological Map of Germany at schl200,000 (GUEK 200) (BGR,
2003). For each municipality we calculate the shafegrassland and arable land on
peatland, using the Digital Landscape Model (B&Hid4) for Germany (BKG, 2008).
The BASIS-DLM maps the distribution of differeninld uses at the scale of 1:2,500. We
supplement this data with information on agricudlutand use provided by the farm
structural survey ((ASE): FDZ, 2010). This databased on the full sample of the
German farm population and is available for thergel®99, 2003 and 2007. The highest
spatial resolution of the ASE is the municipalityjowever, one must bear in mind that
the ASE does not map the farms’ activities accaydim the location of the plots but of
the farms’ headquarters. This might especially otedsaome bias in Eastern Germany and



Schleswig Holstein, where the farms are comparédriye, measured in ha, compared to
the size of the municipalities.

2.1 Extent and distribution of agriculturally used peatland in Germany

High shares of utilized agricultural area (UAA) peatland can especially be found in
North-western part of Lower Saxony, the central tpaf Schleswig-Holstein,
Mecklenburg-Western Pomerania, Brandenburg andthehern part of Bavaria (Figure
1). While peatlands cover large contiguous areatenNorth and East of Germany, their
distribution is more locally concentrated in theuBoand more or less restricted to the
area south of the Danube. Based on the GUEK 20@stienate 980 000 ha UAA are
located on peatland (~4.9 of Germanys UAA).

Share of UAA on peatland
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Figure 1:  Distribution of the utilized agricultural area (UAA) on peatland in Germany
Source: Own presentation based GUEK 200 and BASLSID

Peatlands in Germany are predominantly used bystmagd or arable forage cropping
(ROEDER & OSTERBURG 2010). This forage is primarily dedicated to fabd dairy herd
which are kept at medium to high stocking levelalydn North-East Germany low input
forms of grassland management are more widespread.



3 Methods

We group the municipalities and counties accordimgheir share of UAA on peatland

into different classes. The first class aggreg#tesadministrative units without any land
on peatland. Until 25% the classes have a widt8o2dnd beyond this threshold their
width is doubled to 5%. For each class we calcutat@lependent variable a localization
Index | for different activities (Eq. 1) and plot it agatrthe appropriate shares of land on
peatland.

_ L/l
(1) 1= LI

wherelL;; is the level of activity in the peatland share clasd. ; is the total respective
reference area (UAA) in the peatland share clhssthe total aggregated activity level,
andL_ is the total respective reference area (adaptad cHMIT 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 averagaaradue between zero and one that it is
less frequent.

In order to investigate deeper the opportunity sasdt abandoning peatland, we analyse
the cumulative density distributions for SGM anduee. We use the SGM, the tenure and
the gross value added to assess the cost of abagdpeatland. While the SGM and
tenure are derived from the farm structure surbeydross value added is calculated with
agricultural sector model RAUMIS. The SGM is a measfor the short term opportunity
costs as it assumes that all production factorg. (and, labour, building, machinery) are
fixed and can not be alienated, that the intersibé farming are fixed, and that the
relative shares of the activities on the invesggatevel remain constant. This means a
mixed cash cropping dairy farm will proportionaliut back its cash cropping activities
and dairy herd in case it looses land. Howeveregality in such a farm the extent of cash
cropping will be over proportionally reduced. Threntire is more a measure of the mid-
term opportunity costs as some of the farmers’ dix@sts are incorporated in their
willingness to pay for additional land. The grossHue added is a measure of the long
term opportunity costs as all fixed factors mustplaél. In order to get a better picture of
the intra- and interregional heterogeneity of thsts we calculated the data on farm and
county level.

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 1). The study areas
are selected on the basis of the Gerrhaander Especially the two study ared8V 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% ofapecultural used peatland can be
found in these two regions.



Table 1: Definition of the study areas for the reginalized analyses

Laender Share of national Share of General farm
UAA on peatland national UAA structure
NW Schleswig-Holstein, Lower 48% 22% large family farms
Saxony, (Bremen, Hamburg)
NE Mecklenburg-Western Pome- 37% 16% large commercial
rania, Brandenburg, (Berlin) farms
SO Baden-Wurttemberg, Bavaria 9% 27% small family farms
CE Allothers 7% 35%

Source: Own calculation based on GUEK 200 and BASL#M

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 RW&J(regionalised agricultural and
environmental information system for Germany) isedis (WEINGARTEN, 1996;
ROEDENBECK, 2004). The methodological concept of the modgllsystem RAUMIS is
an activity based non-linear programming approddte partial supply model covers the
entire German agricultural sector and depicts adpacal production activities in
consistency with the economic accounts for theme®e differentiate 77 crop activities
(including set-aside programmes and less intengreeuction systems) and 16 activities
for animal production. From a regional point ofwighe model covers 326 model regions
at county-level (comparable to NUTS 3). These moagions are equivalent to the
smallest optimising unit for the programming apmioaFor each of these regions the
database for several base years is stored in gcbhaised matrices. This data constitutes
the basis for simulations. The database can belelvinto the sectoral economic account
for the agricultural sector, regionalised statist{(@activity levels, yields) and computed
data (especially activity based input calculationBhe model is used both fax-post
analysis anekx-antecomparative-static scenario simulations.

For the simulation of abandonment of peatland wsejmplement an incremental tax of
300 to 1200 € for UAA on peatland. We perform siatidns for the target year 2019,
using a baseline projection of the current agrioak policy (OFFERMANN et al, 2010).
Full decoupling of direct payments and regionat flate payments for both arable and
grassland are considered as well as the abolishafehe milk quota.

4 Results

4.1 Response of SGM and tenure to the share of peatland

The higher share of grassland in areas with highares of peatland does not mean that
the utilization of peatland is in economic termsslentensive compared to mineral soils.
This is indicated by the positive correlation oé tlocalization index for the SGM is with
the share of UAA on peatland (Figure 2). The realsorthe increasing SGMs per ha is
the positive correlation between the stocking dgnand the share of peatlanddBOER

& OSTERBURG 2010). The increasing stocking densities in @eatlrich areas can mainly
be attributed to a concentration of dairy farmingthhese areas. The differences between
the various years are negligible.



While the SGM shows a clear response to the shangeatland, the increasing gross
margins are not mirrored by a similar trend in teaure for grassland. The tenure for
arable land is not shown as the sample in partictda areas with higher shares of
peatland is too small.
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Figure 2:  Localization index for the Standard grossmargin (SGM) in 2007 and tenure for
grassland (1999) as a function of the share of UA&n peatland
Source: Own calculation based on GUEK 200, BASISvVDand ASE

4.2 Distribution of SGM and tenure in the different regions

In the following section we present the resultsitd analysis of the cumulative density
distribution (CDD) to describe the intensity gradien the use of peatland. We present
mainly results for the year 2007 as the differenbesween the years are generally
negligible. The data for the study ar€& are not shown as this study region summarizes
Laender with a completely divergent farm structure in Wemtd East Germany.
Regarding the interpretation of the graphs one kh&aep in mind that the steeper the
depicted curve is the smaller is the observed gradi

Using SGM as indicator for the short term opportyosts of abandoning the utilization
of peatland, shows great differences between thdysareas both for analysis on farm
and county level (Figure 3). On farm level, the éstv median values are found NE
(570 € per ha) while the median reaches 1,700 thpanNW. In NE the differences in
the productivity at farm level are comparativelyainThis is indicated by the step form
of the function and the narrow inter quantile raiiiggR) of roughly 420 € ha. In contrast
the IQR inSO is nearly three times as high. MW the CDD of the county averages
follows the distribution of the data at farm levat,least for the top-left part of the graph.
This implies that here farms with a high SGM perahha frequently located in areas where
the regional average is also high. In contrastftinm of the function is very steep BO
andNE implying that at county level high SGMs of sindegms are levelled out by low
SGM of other farms.
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In contrast to the SGM presented in Figure 3 timel leental payment per hectare (tenure)
Is an indicator for the mid term opportunity codtsfortunately data on tenure are only
available for the full sample of German farms f&99. 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 betwoenstudy areas are much smaller than
for the SGM (Figure 4). This can be explained by thct that dairy farming, which is of
particular importance iNW and SO, 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 165 inNW and SO. Also the tenure varies much less in tHE (IQR of 70 €)
compared to th&O andNW (IQR of 235 €). Interestingly, in all study aremsgjuarter of

the UAA

on peatland is used by farms who did natestany tenure or a tenure of zero.

Especially inNE and SO the differences in the tenure on county level @ther small
(IRQ of 20 and 55 €)
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Figure 4. Cumulated density distribution of UAA on peatland as a function of the average tenure
in the four study areas in 1999 at farm and countyevel
Source: Own calculation based on GUEK 200, BASISvDand ASE

4.3 Results of model simulations with RAUMIS

It is assumed that restored wetlands are not ééigitr direct payments related to agri-
cultural land. The tax implemented on peatlandthas to exceed the returns on arable or
grassland use, including direct payments. A ta8@d € per hectare is mobilesing about a
third part of all agricultural used peatland. Mawaji land uses are reduced, such as
grassland at very low stocking densities, set-aanl# coarse grain (Figure 5). In case of
these activities, part of the direct payments cevbe production cost, so that areas are
abandoned more easily. In parallel, temporary daasisis increased on remaining arable
land as a substitute for lost permanent grassldipdto a tax of 700 € per ha, the area of
marginal arable crops and especially grasslanddeeasingly reduced, and almost 80 %
of all peatland under agricultural use is abando#é¢digher tax rates less additional area
is abandoned, because more competitive land usesthae reduced. For example, green
maize a comparatively competitive crop, used eng.stibsidized biogas production, and
is significantly reduced only at higher tax rates.

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% to 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 lasdhe share of more competitive crops
increases.
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Figure 6 shows the development of arable and gaadshs 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 costidasator for farm income. Up to 600 €,

the dairy herd remains stable, while the stock thieo cattle such as suckler cows and
heifers is reduced in the affected regions. In @odiforage production on the remaining
land is intensified with elevated stocking densitiEspecially in regions, where stocking
densities are already high, we see an additionahsification 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 5 % of the adtiwral land is abandoned. The sectoral
labour force is reduced by only 1.5 %.
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cost)

Source: Own calculation based on RAUMIS.
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5 Discussion and Outlook

In the following discussion we will first have adk on the mitigation cost estimates
produced by the different approaches. Then we putlthe results in the context of other
studies on mitigation costs in agriculture. We elowith a brief comment on
methodological problems of the presented approahk.stated mitigation effects include
only the effect of abandoning the agricultural w$eeatland and the rewetting of these
areas. Effects induced by reducedCelg. due to reduced cattle stock, eONemissions,
caused by ceasing fertilization on the affectecsyrare not considered.

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

The simulation results match fairly well the resulerived from the analysis of tenure. If
we assume that the tenure for new contracts wilinagnitude of the 75% quantile, this
will result in mitigation costs of 2-8 € per ton 60,y Oon arable land and 3-
14 € per ton of CQq on grassland. The use of the 75% quantile is matdw by two
reasons. First, the tenure in new contracts is mdigehigher compared to old ones.
Second, as rewetting needs larger contingent afaasgers are in a strategic advantage
and it will hardly be feasible to determine pretysthe differences in the opportunity
costs between plots and farms. In contrast to thmilation results the empirical SGM
provides an upper bound for the mitigation costslimiting the mitigations costs on the
SGM of the UAA on peatland overestimates the mittagga 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

If one compares these results with the meta-arsalysVERMONT & DECARA (2010) or
the extensive assessments imMAN et. al (2008) and USEPA (2006) one can conclude
that rewetting peatland is for Germany at leasth@ medium to long run a very cost-
efficient option to significantly reduce agriculair GHG-emissions. In these studies
agriculture can reduce its GHG emissions by 10920%0 for mitigation costs of up to
100 € per ton of CQ, However, the mitigation potential for some of theost cost
efficient and relevant options in these studiescusrently challenged (e.g. minimum
tillage) in the scientific community @EeR et al. 2007) or the implementation is legally
prohibited in the EU (e.g. use of ionosphores).

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 otheediion. 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 thmsfaare quite substantial (see also
ROEDER & OSTERBURG 2010). Especially dairy farming and biogas prdduct are two
activities currently concentrated on peatland whesenomic performance is sensitive to
transportation distances. Consequently, the reatios of forage cropping to mineral
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soils will induce additional costs either for thearsport of the forage crops or the
relocation of production facilities not coveredtire 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. coma@nh of arable forage cropping).

Whether the yields of the activities relocated framnganic to mineral soils are

comparable remains open. Consequently, the implatti® bias on the cost estimate is
unknown.

Neither the simulation nor the empirical resultglimle some additional costs as the
engineering costs for rewetting the peatlands amasaction costs. Furthermore, potential
effects of indirect land use change are not comsitle

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 substanyiai 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 vdis 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 ideaitis 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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