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Abstract

The provision of ecosystem services at the landsdayel can be significantly influenced by land
management practices. Within an agriculturally deated case study area in Saxony, Germany, a
more detailed land use classification, which ineddifferentiated information on agricultural
management practices, was utilized within the rasased planning support tool GISCAME.
“Management” refers to typical, regional crop ratas and soil tillage practices.

The focus of this research was based on an indibat®ed approach to assess ecosystem services and
the development of land use change (LUC) and laadagement change (LMC) scenarios. The
EuroMaps Land Cover data set was specifically dgpesl for the case study and included remote
sensing information for the general land use diassion and terrestrial mapping information.
Furthermore, statistical data on detailed regiawicultural land management were included. The
raster-based planning support tool GISCAME was thead to simulate scenarios and visualize
results. The LUC and LMC scenarios showed thainibee detailed land use classification provided
better output for making improved decisions for gnritization of planning alternatives. Furthér i
enabled a refined assessment of the provisioningces (i) food and fodder provision, (ii) biomass
provision, the regulation services (iii) soil emsiprotection, (iv) drought risk regulation, ang (v
flood regulation, the economic service (vi) retufram land-based production, and (vii) ecological
integrity. The results of this study support thewithat the application of improved management
measures, such as conservation tillage, can signify enhance the provision of ecosystem services
(e.g. soil erosion protection and drought risk taggon) at the landscape level. The study also
indicates that a combination of strategic LUC, sashafforestation and LMC, might be an effective
way to enhance regulating services with acceptablde-offs regarding provisioning services. Our
approach presents a refined foundation for ecosystrvices assessment, which is designed to better
support regional planning and the provision of infation to non-experts in the participatory
processes. For transfer into other regions, stdimat land use and land management classification

will have to be defined.
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1 Introduction

1.1 Background

The ecosystem services concept has become a kegptoim natural resource management and
environmental impact assessment, as a means oéciimgn human well-being to the degradation and
overexploitation of ecosystems and natural ressufBarkhard et al., 2010; Fisher and Turner, 2008).
A core advantage of this concept is the increaseteness that natural ecosystems provide the basis
for human well-being, and as a support tool toshs$akeholders and decision makers (land managers,
local or regional planning authorities) in develapisustainable land use strategies (de Groot et al.
2010; MA, 2005; Swetnam et al., 2011; TEEB, 2010).

After a period with many conceptual contributiohe toncept of ecosystem services has now gained
increasing acceptance. However, a growing numberawthors have identified limitations in
application of the concept and the need (i) foegnated and easily applicable assessments in
landscape management and land-use planning (Batiln 2011; Burkhard et al., 2009; Furst et al.,
2011; Mdller et al., 2011), and (ii) to apply thencept in a practical manner and to overcome
difficulties with respect to its implementation (Bhard et al., 2011; Frank et al., 2012; Menzel and
Teng, 2009; Wallace, 2007). While some practiceerddd studies have been published, which
actually discuss outcomes with regards to the@vaatce in and implications for landscape planning o
regional planning issues, the overall number ohstadies remains low (for examples see e.g. Egoh
et al., 2007; Forst et al., 2012; Schetke and H&48$8; Scolozzi et al., 2011).

Land cover and land use changes (LCC/LUC) can fasgnitly improve or degrade the provision of
ecosystem services (Foley et al., 2005; MA, 2008)s, at the regional to global scale, ecosystem
services are mostly mapped and analyzed on thes ldisiand cover/land use (pattern) change
(Burkhard et al., 2011; Kienast et al., 2009; Labth et al., 2011; Seppelt et al., 2011; Scoletzi
al., 2012; Willemen et al., 2008). For exampleh#s been shown that afforestation can be an
important measure to enhance soil erosion prote¢Witt et al., accepted), aesthetic value, ordpet
connectivity (Frank et al., 2012). The expansiomesidential area and land consumption for trarispor
infrastructure leads to a degradation in regulatiegy. climate regulation, water purification,
pollination), provisioning (e.g. biomass, food, dingvater), and cultural ecosystem services (e.g.
outdoor recreation) (Kroll et al., 2012; Lautenbaathal., 2011). Analyses of historical LCC/LUC
changes and the modeling of possible future trajgxst are essential to assess and illustrate the
potential of a region to provide ecosystem servittmvever, the transfer of this information into
practical usage can be hindered, as the scaleaslysiem services assessment — and therefore the
degree of precision — might not match the levetl@edision making (Meinke et al., 2006; Scolozzi et
al., 2011; Turner and Daily, 2008). The basic peoblis the quantification of ecosystem services in

required detail, as their provision varies consitgr as a function of land cover/land us® site
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conditions such as climate, soil, topography, neighood effects, land management practices, and
time (Daily and Matson, 2008; de Groot et al., 20Mkersmans et al.,, 2008). The supply of
ecosystem services tends to be impacted more loydse intensity and land management practices
than by actual LCC/LUC (Kroll et al., 2012).

Cropping systems are a common form of classifyigigcaltural land management (Schonhart et al.,
2011a; Schonhart et al., 2011b; Snapp et al., 200ty are commonly regarded as an important
factor for the sustainability of agricultural syste (Ball et al., 2005). The term cropping system
includes management options, i.e. crop rotationd aail management (Sebillotte, 1990). In
agricultural landscapes, crop rotations and tillpgectices influence a variety of ecosystem sesvice
such as yields of agricultural products, water anid quality, and aesthetics (Conrad and Fohrer,
2009; Dale and Polasky, 2007; Snapp et al., 204t0the landscape scale, they may be important for
mitigating the risk to agricultural production frothreats such as soil erosion and climate impacts
such as droughts. These types of management opti@nsarely considered in current land use
modeling frameworks (e.g. Schénhart et al., 201H&nce, the addition of these factors might be
beneficial when making an assessment of ecosyseritas provision at the landscape scale.

In the project REGKLAM (www.regklam.giewhich is being conducted in the state of Saxoogted

in eastern Germany, we apply the ecosystem seremasept to effectively support the integration of
forest and agricultural management planning andned planning with respect to climate change
adaptation. In our study area we have observedspuyadic recent LCC/LUC, and that there is not a
high probability of change in the foreseeable faittue to the regulatory framework, landowner rights
etc. Given these limitations, considering LCC/LU€aprimary means of adapting to environmental
risks may not be feasible. Therefore, a betterratése for improving ecosystem services provision
may be to focus on land management change (LMC} as the management of crop rotation, tillage
practices, and other management options withirettigting land-cover framework. Previous studies
have shown that using CORINE land cover data afotiedation for land-use planning are limited by
its relatively coarse spatial and thematic resotutje.g. Koschke et al., 2012). Therefore, a high-
resolution land use data set (EuroMaps Land CoE®tl.C) has been developed by integrating
regional crop rotation classes (Lorenz et al., stibd) and regional forest types to account for

management options in agriculture and forestry {(@ial., accepted.).

1.2 Objectives

The overall objectives of our research are (Intrvdase the consideration of ecosystem services and
integrated management in regional and participapgdayning, (2) to provide a quick approach for
assessing the synergies and trade-offs of altepattntial planning strategies, and (3) to provade
better foundation for decision support. To this ,ewe have developed an approach to assess the
provisioning services of (i) food and fodder pramis (i) biomass provision, the regulating sergice
(i) soil erosion protection, (iv) drought risk gelation and (v) flood regulation, the “economic

service” (vi) returns from land-based productiond gvii) ecological integrity. Through analysis of
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LCC/LUC and LMC scenarios, land use patterns timdiaace the provision of regulating services,
improve ecological integrity, and involve accep&abtade-offs with regards to provisioning services
should be identified. We aim to provide generabremendations for land use alternatives that help to
counteract climate change related risks and weifgidhe assets and drawbacks of this approach. As
a previous attempt to use the common CORINE laneercdCLC) data set turned out to be
unsatisfactory for stakeholders, our hypothesésasa detailed spatial data set, which combined la
use and land management, will provide a betterdatian for the assessment of ecosystem services

and the support of regional/landscape planning.

In this paper, we apply the tetiand cover (change; LCC) andland use (change; LUC) synonymously

to refer to the EMLC data sdtand management (change, LMC) is applied to refer to crop rotation
classes which can be further differentiated witbpeet to crop management options (conventional
tilage/ploughing and conservation tillage/mulchdano-tillage). If not otherwise specified, the
ecosystem services, the economic service, and gicaldntegrity are henceforth summarized under

the termecosystem services.

2 Materials and Methods

2.1 REGKLAM study region and case study area

The REGKLAM (www.regklam.destudy region is located in the state of Saxongdstern Germany,

and has a total area of approximately 4,778 kn#. (Ei. The study region is comprised of three main
agricultural production regions: The Saxonian lobs# (NW) with mainly loess soils (L), the
Saxonian-Lower-Lusatian heathland (NE) with dilivisandy) soils (D), and the Saxonian lower
mountain range (S) with deeply weathered bed-radls £V) (Mannsfeld and Syrbe, 2008). Within
the REGKLAM study region, our research focuses @h5aknf study in the GroRenhainer Pflege, a
sub-region situated within the Saxonian loesswkith is characterized by large agricultural hofgin
with a low number of landscape structural elemémshedgerow, forest patches, etdanspach and
Porada, 2009; Fig.1). Based on the raster cell giz25 nf, the extracted map extract consists of
32,400 raster cells. The sub-set was selectedaowida an example for investigating and discussing
the effects of the LUC and LMC scenarios in deféiie forested area of the targeted study area is
approximately 4%, while intensively used arabledl@tcounts for approximately 75%. The goal of
regional planners is to develop the GroRRenhainieg@ftowards a landscape that is less sensitive to
environmental impacts. Therefore, the sustainabbeigion of agricultural goods and a significant
increase of regulating services are fundamentaktoeving this goal. Two potential methods which
may be implemented towards this end are afforestatiith site adapted tree species to increase

habitat connectivity, and developing planning atitres which will reduce soil erosion (RP, 2009).
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Fig. 1

2.2  Application of GISCAME for scenario simulations avidualization of results

For conducting LUC and LMC scenarios, we used thignvare tool GISCAME (formerly called
“Pimp Your Landscape”) which combines GIS routiméth a cellular automaton and a multi-criteria
assessment routine (First et al., 2010a; Furst.e?@10b). With GISCAME we assessed and
visualized the provision of ecosystem servicehiendase study area based on the current or simulate
land use pattern.

Fig. 2 shows the data processing (see chapteoR@dre details) and application of data procedures
in GISCAME, beginning with the land use data set tHre ecosystem services indicators as the basis
for assessment. The resulting value matrix was ils&SCAME to assess the provision of services.
The spatial data (DEM, soil data) were used astiffipudeveloping scenario layers according to
which LUC/LMC scenarios were carried out. We uélizscenario layers with binary coding to
distinguish cells that are not affected (valuerd eells that are foreseen for LUC/LMC (value 19r F
example: If a layer of priority areas for afforaiia is used, conversion to forest will be condddtar

any cell for which 1 has been attributed in thestay

The assessment of ecosystem services provisiomtfadtéor the given land use data set included
(a) the basic evaluation of single land use clagsesed on a benefit-transfer approach (value
matrix/cell values in GISCAME) (First et al., 201@810b; 2011; 2012; Koschke et al., 2012). This
qualitative evaluation was based on indicator \@luehose original values were normalized to a
reference scale ranging from O (no contributionl@ points (maximum regional contribution) to
enable a comparison of different ecosystem servwigtts different indicators in a radar chart. (b) A
complementary evaluation of the impact of the laage structure, i.e. configuration and composition
of land use classes, corrected the result achiewethe basis of accounting for the land use class
dependent cell values within GISCAME (Frank e8l]2).

Fig. 2

2.3 Land use data set

We utilized the EMLC data set specifically develdger the case study. It included remote sensing
information, reference year 2009 for the generatl lase classification, and terrestrial and statisti

information for the regionally specific classifizat of forest and agricultural land management
classes. The EMLC data set has a spatial resolafi@® nf raster cell size and a thematic resolution
of 85 classes, of which 32 were forest managemksses (Witt et al., accepted) and 31 were
agricultural management classes (Lorenz et almitdd; Fig. 1).

Lorenz et al. (submitted) delineated standardizeg cotations based on statistical referenceset th
field block level {.e. agricultural management unit) between 2005 and02@bil management

practices €.g. ploughing, mulching/no-till) were additionally adtias eligible attributes that allow for
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more detailed impact assessment regarding, foanost water driven soil erosion (C-factor in the
USLE) or contribution margin per ha'. Grassland was integrated into the classificatibarable

land as crop rotation A-1 (clover monoculture)thé grassland class of the original EMLC data set
could not be identified as arable land in the atption classification it was considered to ndbhg

to the arable land class. Thus, two grasslandedassist in the integrated data set: Common gnagsla
and A-1 as part of the crop rotation classificatibarest classes have been defined which correspond
to information from the forest inventorg.§. tree species, forest stand types) of the Fedestd Bf

Saxony (Witt et al., accepted).

2.4  Ecosystem services assessment approach

The provisioning services (i) food and fodder psoa, (ii) biomass provision, the regulating seegic

(i) soil erosion protection, (iv) drought risk gelation, and (v) flood regulation (MA, 2005), the
economic service (vi) returns from land-based petidn (cf. Koschke et al., 2012), and (vii)
ecological integrity (Barkmann et al., 2001; Burkthat al., 2009) were assessed. The ecosystem
services were selected in collaboration with regiatakeholders and to reflect climate changeedlat
risks in the study region. Stakeholders wishedttuide what we call an economic service in order to
inform about returns from the production of markétagoods (cf. Koschke et al., 2012).

Each service was assessed through one or two fadicat the land management and land use class
level. Indicators were selected based on discusgithiin the research group and availability of data
Indicator values have been obtained in physicasudmm measurements or modeling results found in
the literature, regional projects, or statisticatad Additionally, if no quantitative values were
available, expert knowledge was used (Koschke .et2812; First et al., 2012). An overview of
ecosystem services, indicators, data sources, atttbas is given in Table 1. A complete compilation
of applied data, assessment steps, and assumptonbe obtained from Table A.1 (Annex A). In
order to derive relative land use type specifiaigal we utilized — depending on the service — dne o

three different methodical approaches:

Normalization of ratio scale values (applicatioroaE quantitative indicator).

Quantitative indicator values were mapped to thlividual land use and land management types to
represent their potential to provide the servic®otl and fodder provision, provision of biomass| s
erosion protection, flood regulation, and returmenf land-based production (benefit-transfer
approach). In a subsequent step, we normalizee@ thadaes to the evaluation scale (0 to 100 points).
Equation 1 was used if the maximum indicator valtggsesent the maximum potential to provide a
service (food and fodder provision, provision obrbass, and returns from land-based production).
Equation 2 was applied if decreasing indicator &alaorrespond to an increasing contribution to a

service €.g. soil erosion protection, flood regulation).

(1) Lyorm = (rf
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I—1,.. N
@ Lnorm = (77— + 100

I,..-m IS the indicator value for a given land use typ@malized to a score between 0 and 100,fand
is the value of the indicator assigned to the iiodial land use typel,,,;,, andI,,,.. correspond to the
minimum and maximum of indicator values. Maximunmidimium values relate to highest/lowest
values found either in the focus area (yield, dbotion margin, evapotranspiration, hemeroby class,

number of plant species) or in the literature (Ctdg transpiration coefficient, curve number).

Multi-criteria evaluation (application of two qué#ative indicators).

We used the criteria water demand and water useegfty and allocated indicators for assessing
drought risk regulation. Minimum values of water ndad (potential evapotranspiration in
mm ha' a') were derived from literature for every crop anees species. Based on regional expert
knowledge and data from the Saxon State Officetlier Environment, Agriculture, and Geology
(LFULG), we assumed the water demand for consesmatillage to be decreased by 10 % in
comparison to conventional tillage as a consequericeeduced tillage. We assessed water use
efficiency through application of the indicatorrspiration coefficient (I kg Dry Matter (DM)). An
increased transpiration coefficient indicates higfield relative to the water consumption although
the absolute amount of water consumption could igh ht the same time (Drastig et al., 2010;
LfULG, 2009).

The normalization procedure (cf. Equation 2) wapliad to normalize original indicator values of
water demand and water use efficiency. Then, waeggded the two indicators by averaging
normalized indicator values prior to an additiomadrmalization to derive relative final scores
(Equation 1) ranging from 0 to 100 points. Eaclecion contributed to the final value with a weight

of 0.5. For a more elaborated description of ttgregption procedure see Koschke et al. (2012).

Ecological connection matrix (for combining qudiia indicator values).

To assess ecological integrity (Barkmann et alQ120we used the approach of an ecological
connection matrix (Bastian and Schreiber, 1999dmbine hemeroby class, which is the degree of
anthropogenic impact (acc. to Blume and Sukopp6)l@nd land use diversity class, which is the
ratio of the number of crops or tree species withiland use/crop rotation class and the respective
assumed maximum number. We assumed that the ecalogalue of a land use class increases
(a) with decreasing human impact and (b) with iasheg structural diversity in space and time.
Therefore,spatial diversity, the number of tree species accordinglass description anmporal
diversity, the number of different crops in a rmatwere given equal importance (Table A.1.2) to
enable an integration of crop rotation classehynEMLC data set. The impact of soil management
techniques is expressed by the soil managememtsitte which directly depends on thember of

tillage operations. Thus, conservation tillage wssessed by assigning crop rotation classes unider t
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management option to the hemeroby class “mesoh&hélmv human impact). In contrast, we

assigned crop rotation classes under conventidiagie to “euhemerob” (higher human impact).

Table 1

Complementary, we used a GISCAME routine which v landscape metrics (LMs; cf. Table 1) to
assess the criteria landscape fragmentation, lapdsdiversity, and habitat connectivity in order to
correct the results for ecological integrity at taedscape level. Applied LMs were cost-distance
analysis (CDA), effective mesh size (Meff), coreanof natural land cove types (CAl), and shape
index (SHAPE). This correction was necessary tess$mportant aspects of the land use pattern
which is a component of the hierarchical multi-erih evaluation concept in GISCAME (Furst et al.,
2011; 2012). The original LM routine was develogded the CORINE Land cover 2006 data set.
Therefore, we had to adapt it to the EMLC dataasebrding to the methodical steps elaborated on in
Frank et al. (2012, p.3).

Table 2

2.5 Development of land use and land management sosnari

We differentiated LUC scenarios, which is afforésta of arable land with Oak mixed deciduous
forest > 20% and change towards extensive grassiadpermanent clover (class A-1) and LMC
scenarios, meaning change of tillage practice ang@ cotation class (Flow chart in Fig. 3). The
current land use pattern and soil tillage ploughatgagricultural sites was used as the reference
scenario (BAU) (cf. Table 2).

Fig. 3

We based LUC scenarios on a set of layers repiageateas suitable or foreseen for adaptation
measures related to land use change. These apedfi)y areas for afforestation as delineatednia t
regional plan (RP, 2009; see Fig. 3a). We usedtlagers which differed in terms of the affecteeaar
(min, medium, max); (2) discharge paths which haeen proposed to be extensively used to reduce
water erosion and export of soil within the catchtrexea (Feldwisch et al., 2007; Kdthe et al., 2005
see Fig. 3b). Again three alternative layers wexglied, discharge paths with high, very high, and
extreme concentration of runoff. LMC scenarios weoaducted according to (3) areas potentially
sensitive to water erosion based on the USLE fac®i(slope steepness) and K (soil erodibility)
(Wischmeier and Smith, 1978) which we calculatethuwircMap9.3 according to DIN 19708 (2005;
see Fig. 3c). We used the digital elevation mo@Nl) of Saxony with a resolution of 20 m to

calculate the S-factor. For computation of the Ktda we utilized the soil map shape file (1:50,000)
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of the Saxon State Office for the Environment, Bglture, and Geology. Data layers were scaled to
match the resolution of the land use data set poidheir introduction into GISCAME. We classified
the erosion risk according to the Cross Compligoaecy (DirektZahlVerpflV, 2004): low risk (S*K
<0.1), medium risk (0.1-0.3), and high risk (>0.85ing this classification, we found that almos th
whole agricultural area in the case study areaery gensitive to water induced soil erosion. Hence,
tilage practice of current crop rotation classe®f—all agricultural sites — was altered towards
conservation tillage in order to account for lasgale water erosion risk. (4) Given ttaggets of the
German Government to increase the proportion aftrideenergy generated by renewable sources to
35 % by 2020, an increase of the share of arahtikuaed for energy production of up to 40 % can be
expected (BBSR, 2012). Thus, on 40 % of the casdysarea corn was applied over a theoretical
period of ten years, using crop rotation L10 (®lagrn — silage corn — silage corn — winter-wheat).
(5) Further, we carried out scenarios with divéegsifcrop rotations on 20 % of the cultivated area
(acc. to targets of BMU, 2007). We applied cropation classes L4 (sugar beet — winter-wheat —
silage corn — summer-barley — winter-wheat — wibteley) and L6 (peas — winter-wheat — winter-
barley — potatoes — summer-barley) randomly ui@ti¢#2area share was reached. (6) Additionally, we
studied the impact of organic farming crop rotasiam 20 % of the cultivated area, which is a target
of the German National Sustainable Developmentt&jya(BR, 2012). For this, we applied crop
rotations L7 (clovergrass — winter-wheat — silagenc- field beans — winter-rye) and L8 (alfalfa —

winter-wheat — potatoes — winter-rye — field beanginter-triticale).

2.6  Uncertainty analysis

Indicator values that we took from the literaturegional statistics, and the normalization procedur
are subjected to uncertainty. Final assessmenesatan vary considerably within a land use/land
management class due to (i) a general transfer exsalting from site specific variation of indioat
values as a function of environmental and manager@mditions and (ii) changing minimum and
maximum values to which the normalization appro&lsensitive. We performed an uncertainty
analysis for BAU and the simulated scenarios toifséee results are robust to the uncertainty i@ th
model. Due to the frequent lack of indicator valtiesst would enable a sound estimation of the range
of indicator values per land use class in the stedjon, we varied indicator values in 1,000 itienad
randomly within +/- 30 % around the initial valu€he indicator ranges have been established
according to common assumptions on the variakifitgnvironmental indicators (Strauch et al., 2012).
In a subsequent step, normalization and calculatfahe final, landscape level assessment value was
performed for each of the iterations to derive mealnes, standard deviations (SD), and uncertainty

ranges of assessment results (Fig. 5, Table 4).
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3 Results

3.1 Data gathering results

Table 3 provides an overview on the assessmentseduhe EMLC data set. For every land use and
land management type a relative value could bevel@riThe assessment matrix reflects that soil
surface sealing is an important driver of ecosyssenvices loss and decline of ecological integrity.
Thus, the overall performance of near to nature kase types is much better in comparison to land
use types with a high proportion of sealed surfahogver management intensity in agricultural areas
led to a slight decrease of provision services avliggulating services and ecological integrity

achieved higher value points.

Table 3

3.2 Results of the LUC and LMC scenarios

To discuss the results of the LUC and LMC scengitag. 4), we will focus on assessment scenarios
M-1, M-2, and A-9, as they display the most didtipasitive or negative impacts on the provision of
ecosystem services. Conversely, we will also foonsscenario A-3, as an example of a scenario
resulting in insignificant changes.

Scenarios M-1 and A-9 show the similar potentiatddgs that large scale conservation tillage and
afforestation may provide in terms of regulatingvees, i.e. soil erosion protection, drought risk
regulation, flood regulation, and ecological integr These benefits come at the expense of
provisioning services, i.e. food and fodder (- 2 ai7 value points in comparison to the currentlla
use/ management pattern (BAU)), biomass (- 5 djd returns of land-based production (- 2 and - 6)
(cf. Fig. 4; Fig. B.1 in Annex B for all scenariesults; Table 4, mean values). LMC towards 40 %
silage corn (M-2) resulted in the worst performamdgeh regards to soil erosion protection (-19),
drought risk regulation (-12), and ecological imigg (-6). Returns from land-based production
increased by 5 points in M-2, while in the otheersarios that focused on less intensive land
use/management options, a reduction could be obdefhe differences observed in A-3 in relation to
BAU did not exceed +/- 1 point.

With 5 points range of values, the general perforceaof biomass provision was relatively constant
throughout the different scenarios including BAdca reduced agricultural yields resulting from less
arable land could be substituted by wood biomasem fforest land. Food and fodder provision,
drought risk regulation, flood regulation, retufrem land-based production, and ecological intggrit
ranged between 8 and 14 points. Soil erosion piiotewith 28 points showed the biggest sensitivity
to simulated LUC/LMC.
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Fig. 4

Table4

Box plots resulting from uncertainty analysis shib possible range of assessment values for a 30 %
variation of indicator values (Fig. 5). The averageiation of scenario values for food and fodder
provision accounted for +31 % and -26 % of the me&imilar variations could be observed as to
provision of biomass (+30 %, -27 %) and ecologinggrity (+27 %, -25 %). The biggest variation
observed was with flood regulation (+51 %, -27 %l drought risk regulation (+47 %, -30 %). With
+13 % and -6 %, soil erosion protection showedl¢ast mean variation, and with 0.4 to 5.8 points
also the lowest standard deviation (Table 4). Tioege in this assessment, soil erosion protectam c
be considered the most robust. In general, thepbots demonstrate that targeted LUCs/LMCs not
necessarily lead to the expected alteration ofystem services provision and that specific impacts

may widely vary as a function of site specific cibiads.

Fig.5

In all of the LM-based scenario assessments (thithexception of the A-9 scenario), decreased
ecological integrity was observed due to predontinamaracteristic of the agricultural areas
considered, which have low natural core areaseléigid sizes, a relatively low number of different
land use types, and little connected habitat arbes is well reflected in largely constant LM-vatue
(Table 5 and Table B.1 in Annex B). In scenario ,AL81-based evaluation led to higher scores,
primarily because habitat connectivity was greatyengthened (CDA increased from 3.0 % to
32.3 %) and along with improvements in landscaperdity (SHDI from 0.8 to 1.1 and SHAPE from
1.4 to 1.5). Further, landscape fragmentation wdsiced because the CAIl of natural areas increased
from 2.1 to 26.9 % and the dylof unfragmented areas increased slightly from 4.0483 km>.
Translating original LM values into value pointsesario A-9 was evaluated with +/- O points with
respect to landscape fragmentation and landscamesdy. With regards to the criterion habitat
connectivity, the basic evaluation result improvsd10 points, so that ecological integrity achieved
an overall increment of 10 points. The remainingnseios were all reduced by 25 points. Thus, LM-
based evaluation led to following decrement/incnemBAU: from 32 to 7; M-1: from 43 to 18; M-2:
from 25 to 0; A-3: from 32 to 7; A-9: from 39 to 4Pable 5). These results make obvious to the user

the importance of aspects such as composition amiigcration of the land use pattern.

Table5
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4 Discussion

41 LUC and LMC scenarios

Results show a substantial increase of soil ergsiotection by application of conservation tillaag
compared to conventional ploughing, which sugg#sas the model was implemented correctly (cf.
Tebriigge and Diring, 1999). The overall impactagsrios with regards to soil erosion protection,
flood and drought risk regulation, and ecologicakgrity are in agreement with the findings from
studies, such as those examining the soil erosiadts of large-scale cultivation of corn (Luick et
al., 2011) or strategic afforestation (Richertletz011).

The minimal impacts seen on returns from land-bgmeduction in this study do not appear to be
plausible. In the context of our evaluation apphpahis may be explained by the fact that the land
uses of viticulture and orchards deliver highertdgbation margins than the crop rotation classe$ an
that changes of crop rotations therefore do nostamttially impact the final assessment results. The
estimation of returns from land-based productiors warticularly difficult, since we were unable to
include information on the actual use of agricwtuor silvicultural biomass (e.g. for biogas
production, construction purposes, etc.), upon lviheturns are very dependent. For a more realistic
estimation, elaborated analyses of value chainss{gdies, market prices, costs, statistical data) et
would be necessary. In contrast to the other examymcenarios, scenario A-3 had only negligible
impacts on ecosystem services provision, althobglektensification/afforestation of discharge paths
with high concentration of runoff is expected teregase soil erosion protection considerably while
changing relatively little area (LfULG, 2008). Hethe negative impacts of being unable to consider
neighborhood effects and spatial characteristicsaherosion protection became apparent (cf. 4.2).
Using the curve number as an indicator, the assrgsof flood regulation is only sensitive to change
of tillage practices, and we were unable to diffiiege between crop rotations classes (cf. M-2usTh
these examples indicate that the application afiglesindicator might fall short and that an adépta

of the assessment basis may be necessary.

Our scenario layers are a means for LUC scenaneldement, since regional planners already
arrived at a consensus regarding the designatieaatf priority areas, which provides a good basis f
discussing the implementation of measures withe$taklers (First et al., 2011). The high spatial
resolution enabled the identification of managemamits within the agricultural area. A problem
occurred while developing LMC scenarios based tes siensitive to erosion. The application of e.g.
conservation tillage to the affected cells, woutdhdnled to different management in one management
unit (field block), and thus represented an unséaliscattering of land management practices. For
running plausible LMC scenarios, the given land data set makes it necessary to consider cells as
simulation units as well as field blocks as decismaking units. Within the current framework, an

approach for the translation of non-spatial scenformulations into spatially explicit allocatiorf o
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LUC/LMC is lacking. Nevertheless, layers showing-Bpots of environmental risks can be a valuable

reference as they show which areas are of greadasern with respect to LUC or LMC.

In order to improve regulating services within study area, the findings of this study indicate tha
the best results can be achieved through a condmnaf large-scale conservation tillage with
afforestation of sensitive areas. According to msults, afforestation would be a suitable means to
improve flood and drought regulation, soil erospotection, and also ecological integrity. Thedatt
would be additionally enhanced through better cotete forest areas and reduced landscape

fragmentation.
4.2 Evaluation of Methodology and Databases

4.2.1 Assessment approach

Information for many indicators which are potenyialell suited to assess ecosystem services is very
context specific, and therefore difficult to gerizea for landscape level assessments (Galic et al.,
2012). Therefore, we applied widely used and welbvin indicators (e.g. yield, C-factor, curve
number, SHDI) and concepts (e.g. hemeroby), which ebtained from observed/measured,
calculated, or modeled data reported on in thealitee or look-up tables (Plummer, 2009; Troy and
Wilson, 2006). Nevertheless, we acknowledge thatagsessment results are in accordance with the
authors perceptions and understandings of ecosyatgtioning which has been previously discussed
in Koschke et al. (2012).

When the land use/ land management scenarios edfemtly a few cells, the impact on final
evaluation results and the differences compardtidanitial situation were low (cf. scenarios Eel t
E-3 and A-1 to A-8 in Figure B.1). Due to the lamkspatial parameters used in our basic approach,
we included land use pattern analysis in order dosier ecological integrity. This additional
information led to plausible results regarding déastsuch as the importance of habitat connectivity
and diversity of land uses for ecological integraynd for fostering the integration of these intbes

for detailed spatial data sets (cf. Frank et &1,2). Differences in the provision of ecosystenvisess
caused by site-specific conditions were not acamifir in this case study. This should be addressed
in future research, since the location of changg b@highly relevant for the performance of certain
ecosystem services (Bryan and Crossman, 2008; Roeelhst al., 2012).

To model the effect of LCC/LUC on selected ecosysservices based on spatially heterogeneous
input parameters and environmental drivers, ecoldgirocess models can be used (Rokityanskiy et
al., 2007; Smith et al., 2005; Nelson et al., 206#)wever, for many applications, the use of preces
models may be impractical due to their complexdgta demand, and scale of assessment (Nelson and
Daily, 2010; Nelson et al.,, 2009; Galic et al., 2D1The application of bookkeeping models or
qualitative benefit-transfer based assessment talk as that presented in this study may be more

user-friendly and transparent (Schulp et al., 2@\8ch et al., 2012). Therefore, these tools may be
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more beneficial to use in cases where trends sHmilidentified in a prior step of in-depth analyses
Also, they may be favorable for analyzing tradesaff ecosystem services, because process models
most often consider one or few ecosystems/ecosys¢enices in specific accounting units (Busch et
al., 2012). Our qualitative approach can be appiedcales relevant to policy making and strategic
regional planning, and is able to make best usavailable heterogeneous data (cf. Burkhard et al.,
2009; Larondelle and Haase, 2012; Busch et al.2RMloreover, it is easily transferable to other

regions and data sets and does not require lalzop@@meterization.

4.2.2 Databases

Our EuroMap Land Cover (EMLC) data set comprisegegpted census data on observed crop area
share, thus augmenting the thematic content ofiéie set which is not possible with remotely sensed
data alone. Hence, the data set provides an exdrmplenformation beyond land use/ land cover can
be included for ecosystem services assessmemyifate available (cf. Rounsevell et al., 2012).

In comparison to previous approaches where we bhagd CORINE land cover data, the EMLC and
crop rotation classes could be well underpinnedch veverage values of regional observed and
measured empirical data for some indicators (dejdyC-Factor). This led to greater accuracy of
results by reducing the extent of assumptions enctirrent contribution of crop types and because
general purpose data sets such as CORINE tendaegiimate arable land use in comparison to
detailed data sets (Schmit et al., 2006; Kandzaral., submitted). Yet, the selection of relevant
indicators to assess other services (e.g. drotgiktregulation, flood regulation, returns from land
based production) may remain a perpetual challémgspective of the spatial or thematic resolution
of spatial data. The effects of crop rotation alidge changes can be assessed, which is impddant
highlight the impact of management options, fortdnse to inform and train non-experts in
participation processes. Whereas monitoring of ytesn services over time would involve time-
consuming and costly updates.

By including management practices into land-usestfigation systems, the multiple impacts of such
alternative practices(. using conservation tillage as an alternative sgsater flood protection) can
both be modeled and assessed within a broaderoenwantal context. This should help raise
awareness regarding the consequences of diffeotental land-uses, and inform the decision making
process. The same consideration applies regartmglésign of crop rotations, with respect to the
implementation of different crop rotation classed &eir potential environmental impacts. However,
data support at the farm level is often not avéglabuch as the location and timing or fertilizer o
pesticide application, which makes the inclusionsoth practices difficult in a classification and
modeling context. An important consideration regagdthe inclusion of more detailed land-use
classification system is that it will tend to addcartainty to the interpretation of results (e.qdei
output). Given that the data set created in suclassification system is based on multiple différen
data sources and resolutions, it will not ever eately represent one precise point in time. Theeefo

the value of adding more land use/management attees €.g. in this case 85) in terms of providing
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more information to the stakeholder/decision makexed to be weighed against the additional
uncertainty which will be added as well (cf. e.grdlla and Baht, 2004).

Our classification approach yielded valuable infation for decision makers for optimizing trade-offs
between various ecosystem services under difféaedt use and land management regimes. Because
the combined effects of LUC and LMC can be repriegkat the landscape scale, the detailed spatial
data developed in this study provides a better dation for ecosystem services assessment and
mapping than an ecosystem services map derivedlmdiuse/ land cover alone. The resulting land
use classification is more realistic, and thus nsta&eholder-oriented, as it enables the simulaifon

a wide range of interdisciplinary and realistic re#os. This according to stakeholder feedback,
results in a greater acceptance of the assessmdntadeling approach (see also Swetnam et al.,
2011). In addition to generic LUC scenarios, thassmuences of agricultural policy scenarios can be
simulated as well. Since both strategic decisiokingpissues and land-management related questions
can be considered in this approach, stakeholdeesatipg at different scales can more easily
coordinate, which supports better communication mode effective implementation of conservation
or adapted management strategies. Intensive tatsstakeholders will help to examine the actual
applicability of the approach in landscape plannimgctice. For transfer into other regions,
standardized land use and land management classificdata will have to be defined.

Results of the uncertainty analysis can be helfgfuhssess the robustness of LUC/LMC measures,
which sometimes have unclear impacts and widelyingrland use specific indicator values. As any
absolute validation of results is inherently impbkes in this type of landscape scale study, a
comparison of outcomes from studies with similgsrapches and/or against process modeling results

might be highly valuable to investigate the impafobutput uncertainty and error in greater detail.

5 Conclusion

The outcomes of our assessment and investigatathrso® indicate that less intensive land use
practices can lead to positive synergies with retsferegulating and supporting ecosystem services
(i.e. soil erosion protection, flood regulationpdght risk regulation, and ecological integrity)iethis

in agreement with the findings of Nelson et al. 020 Based on the synergies and trade-offs
identified, we have made recommendations to regjiplanners, such as where to better connect
forested areas in order to improve flood regulatienosion protection, and ecological integrity. To
reduce soil erosion and to increase flood protaotve recommend increasing the spatial diversity of
crop rotations, including a higher number of crpps rotation together with conservation tillage.rOu
findings suggest that efforts aimed at using LUGniet environmental and/or sustainability goals —
mainly afforestation of agricultural sites — shoud@ accompanied by programs that promote
beneficial changes in land management practicesombination of LUC and LMC might be an

effective way to sustainably manage ecosystemasat the landscape level.
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Land cover/land use data as a proxy for ecosysggmces assessment are widely used, whereas land
management is often neglected or studied only “ftben perspective of farming systems” (van der
Steeg et al., 2010). In this study, we have dematest that land management can be a major driver
for enhancing or reducing the provision of ecosystervices. It should therefore be explicitly
considered in similar approaches. Based on prewapgriences and feedback of stakeholders, we
conclude that high resolution spatial data andrbtegration of sectoral management information are
advantageous in terms of the accuracy of restiésyelevance and acceptance for regional decision
making, providing information to non-experts, afgbaor testing more realistic land use options (fo
example the introduction of linear landscape elds)e certain level of simplification is inevitabl

to account for the need to reduce complexity, woant for the varying knowledge level of different
stakeholder groups typically involved in planningogesses, and the fragmented data available
regarding land use change impacts. Although thezeofien ambiguous data on the contribution of
land use types to ecosystem services provisionndinator based approach is suitable to address
important issues of sustainable land use planning.

While the meso-scale assessment approach may fghar nelevancy for regional policy makers and
planners to (re)evaluate or conceive developmeategfies, it is not suited for farm level decision
making support since crop rotation classes canedam 1S a compromise between very detailed

planning levels and overarching structural planning
Annex A and B. Supplementary data

Supplementary data associated with this articlebeafound, in the online version, fio be

complemented] .
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Tables

Table 1 Overview of the selected ecosystem services (dtetia), indicators, methods, and data sourced use

for the land use-based assessment.

Ecosystem service Indicator/s Unit Method Data Source

- Criteria

Food and fodder Agricultural dt GEU’ha™a' Normalization Lorenz et al. (subm.), Saxon
provision harvest/ yield State Ministry of the

Environment and Agriculture
(SMUL, 2010)

Provision of biomass Yield (food, kgha'a™ Normalization Lorenz et al.,(subm.), Saxon
fodder, timber) State Ministry of the
Environment and Agriculture
(SMUL, 2010), BMLFUW
(2009)

Normalization  Gebel et al. (2010), Auerswald
and Kainz (1998)

Soil erosion protection C-Factor (USLE)

Drought risk Multi criteria Lorenz et al. (subm.), Anders
regulation Evapotranspiration mm hata®; evaluation et al. (2002), Geisler (1988),

- Water demand Transpiration I kg'1 DM® and Eibach and Alleweldt (1984),

- Water use efficiency  coefficient Normalization  Bernhofer et al. (2011), Roloff

(2010), Roth et al. (1998)

Flood regulation Curve number - Normalization  Gebel et al. (2010)
Returns from land- Contribution €ha'a’ Normalization ~ Saxon State Office for the
based production margin Environment, Agriculture and

Geology (SMUL, 2010; 2012),
Bormann et al. (2005)
Ecological integrity®

- Naturalness Hemeroby - Ecological Acc.to Blume and Sukopp
- Land use diversity Number of plant connection (1978)
species matrix
- Landscape M.s, CAl; (multi-criteria
fragmentation evaluation)

- Landscape diversity SHDI, PD, SHAPE;
- Habitat connectivity = CDA

*GEU= grain equivalent unit

°DM = dry matter

“The overall value of ecological integrity is influenced by an analysis of landscape fragmentation, landscape diversity, and habitat
connectivity with landscape metrics (LM) (cf. Frank et al., 2012). M¢= Effective mesh size; CAl=Core area index; SHDI=Shannons diversity
index; PD=Patch density; SHAPE=Shape index; CDA=Cost Distance Analysis



Table 2 Overview and description of applied land use ckafigJC) and land management change (LMC) scenaAtisrnative land use/land management options were
therefore:Management changes (M) encompassing changes of crop rotation andianges of tillage practice (ploughing (P), conseowatillage (CT)); Etensification (E), i.e.

change of land use towards permanent grasslange(ela-1); Afforestation (A). “>>" indicates the simulated change, i.e. #pplied land use/ land management class.

ID Label Description
BAU Initial Present (2009/2010) land use and land management (crop rotation, soil tillage (assuming plough on the whole area)) pattern
M-1 Current crop rotation P >> CT Management (M): Soil tillage practice (P) of present crop rotations change into CT on 100 % of the cultivated area; Because in

the study region, almost the whole area was classified highly sensitive to soil erosion >> (CT)

M-2 40 % silage corn (P) Management (M): Silage corn on 40 % of cultivated area (=42 %) over 10 years (energy crops scenario) + Ploughing >> L10 (P)
M-3 40 % silage corn (CT) Management (M): Silage corn on 40 % of cultivated area (=42 %) over 10 years (energy crops scenario) + CT >> L10 (CT)
M-4 20 % diversified crop rotations (P) Diversified but cash-crop oriented crop rotations + Conventional tillage (Plough) >> L4 (P), L6 (P)

M-5 20 % diversified crop rotations (CT) Diversified but cash-crop oriented crop rotations + CT >> L4 (CT), L6 (CT)

M-6 20 % organic farming crop rotations (P) Diversified eco-crop rotations (organic farming) + Conventional tillage (Plough) >> L7 (P), L8 (P)

M-7 20 % organic farming crop rotations (CT)  Diversified eco-crop rotations (organic farming) + CT >> L7 (CT), L8 (CT)

E-1 Ext.: Discharge paths (Min.) >> Clover Extensification (E) only of discharge paths with extreme concentration of runoff (on agricultural sites) >> A1 (P)

E-2 Ext.: Discharge paths (Interm.) >> Clover  Extensification (E) of discharge paths with very high and extreme concentration of runoff >> A1 (P)

E-3  Ext.: Discharge paths (Max) >> Clover Extensification (E) of discharge paths with high, very high, and extreme concentration of runoff >> A1 (P)

A-1 Affor.: Discharge paths (Min) >> Oak Afforestation (A) only of discharge paths with extreme concentration of runoff (on agricultural sites) >> Oak mixed...

A-2 Affor.: Discharge paths (Interm.) >> Oak  Afforestation (A) of discharge paths with very high and extreme concentration of runoff >> Oak mixed...

A-3  Affor.: Discharge paths (Max) >> Oak Afforestation (A) of discharge paths with high, very high, and extreme concentration of runoff >> Oak mixed...

A-4  Affor.: Discharge paths (Min) >> Pine Afforestation (A) only of discharge paths with extreme concentration of runoff (on agricultural sites) >> Pine mixed...

A-5 Affor.: Discharge paths (Interm.) >> Pine  Afforestation (A) of discharge paths with very high and extreme concentration of runoff >> Pine mixed...

A-6 Affor.: Discharge paths (Max) >> Pine Afforestation (A) of discharge paths with high, very high, and extreme concentration of runoff >> Pine mixed...

A-7 Affor. of priority areas (Min) >> Oak Afforestation (A) of priority areas for afforestation (<15ha; Min.) >> Oak mixed...

A-8 Affor. of priority areas (Interm.) >> Oak Afforestation (A) of priority areas for afforestation (afforestation; Interm.) >> Oak mixed...

A-9 Affor. of priority areas (Max) >> Oak Afforestation (A) of priority areas for afforestation (nature and landscape; Max.) >> Oak with mixed deciduous tree species




11
12
13
14

15
16

17
18

19

20

Table 3 Assessed ecosystem services and their normatigéchtor values (0-100) on the basis of EuroMap
Land Cover (EMLC) classes and incorporated regior@ rotation classes. Crop rotations were evatuat
according to two soil management practices, comealtillage (P=Ploughing) and conservation tidlg@T).

(For the complete table, original indicator valuasg assumptions see Table A.1 in Annex A)

5 5 o = 2k § .3 & %
©g 3 ®  ®© S © > © < £S5 S =
582 3_E %% 345 83 3E3% =%
558 as8 Bsa o6Lc¢ £8 £885 dE
1 2 3 4 5 6 7
1 Very dense urban fabric 0 0 0 0 0 0 0
2 Dense urban fabric 0 0 0 0 26 0 0
3 Loose urban fabric 0 0 0 0 51 0 0
4 Very loose urban fabric 0 0 0 0 77 0 0
7 Fallow land and ruderal areas 1 1 0 65
8 Waterbodies 0 0 oo 0 P00 o 15
9 Hedges and tree rows 0 11
10 Wetlands 0 0
11 Viticulture 34 34 15
12 ...Orchards 55 el 26 OO 200, 15 ...
187 Hop TR e 43 15
20 Urban open space and leisure facilities 0 26 0 15
21 Grassland (Pastures, meadows) 26 26 10 15
23 European beech, mixed deciduous forest >20% 0 58 16 65
27 Oak, mixed deciduous forest >20% 0 58 16 65
31 Norway spruce, mixed deciduous forest >20% 0 63 18 65
35 Scots Pine, mixed deciduous forest >20% 0 46 9 65
43 Softwood, mixed deciduous forest >20% 0 40 11 . 8
P CT P CT P CT P CT
55 Al - clover - clover - clover - clover 68 61 68 61 20 19 30 45
56 D1 - w-rape - w-wheat - w-barley 62 55 62 55 43 41 30 45
57 D2 - w-rape - w-wheat - silage corn - s-barley 60 54 60 54 46 44 30 45
58 D3 - w-rape - w-barley - w-rye - grain corn - [....] 55 49 55 49 45 42 55 70
59 D4 - w-rape - w-triticale - s-barley - clover - [...] 54 48 54 48 41 39 60 “
60 D5 - w-rye - silage corn - s-barley - sunflower 54 49 54 49 49 46 40 55
61 D6 - peas - w-wheat - w-rye - oat 43 39 43 39 41 39 40 55
62 D7 - clover - w-wheat - potatoes - peas - [...] 38 34 38 34 71 67 60 75
63 D8 - alfalfa - alfalfa - w-rye - silage corn - [...] W 39 35 27 26 55 70
64 D9 - s-barley,, - silage corn - w-triticaleyys - [...] 53 48 53 48 31 30 40 55
65 D10 - s-triticaley,s - sunflower - hemp - w-rye 48 43 48 43 18 17 40 55
66 L1 - w-rape - w-wheat - w-barley 74 67 74 67 43 41 35 50
67 L2 - w-rape - w-wheat - w-barley - w-wheat 70 63 70 63 43 41 35 50
68 L3 - w-rape - w-wheat - silage corn - s-barley 76 68 76 68 46 44 40 55
69 L4 - sugar beet - w-wheat - silage corn - [...] 7 77 48 46 55 70
70 L5 - sugar beet - w-wheat - w-wheat 53 50 15 30
71 L6 - peas - w-wheat - w-barley - potatoes - [...] 62 56 62 56 67 64 55 70
72 L7 - clover - w-wheat - silage corn - [...] 50 45 50 45 43 41 55 70
73 L8 - alfalfa - w-wheat - potatoes - w-rye - [...] 51 46 51 46 74 70 60 75
74 L9 - oat - mixed grain,, - w-rape - w-wheat 67 60 67 60 24 23 40 55
75 L10 - silage corn - silage corn - silage corn - [...] 78 70 78 70 60 57 15 30
76 V1 - w-rape - w-wheat - w-barley 67 60 67 60 43 41 35 50
77 V2- w-rape - w-wheat - silage corn - s-barley 66 59 66 59 46 44 40 55
78 V3- peas - w-wheat - silage corn - s-barley 53 48 53 48 32 31 40 55
79 V4- w-rape - w-triticale - s-barley - clover - [...] 64 58 64 58 26 25 70 “
80 V5 - fieldgrass - silage corn - w-triticale - s-barley 64 58 64 58 19 18 40 55
81 V6 - w-barley - clover - w-rye - silage corn -oat 62 56 62 56 22 21 55 70
82 V7 - clover - w-wheat - peas - w-rape - w-rye - [...] 46 41 46 41 30 29 60 75
83 V8 - clover - clover - oat - w-rye - peas - s-barley 47 42 47 42 20 19 55 70
84 V9 - s-harley,ys - silage corn - w-triticaley,s - |...] 55 50 55 50 16 15 40 55
85 V10 - s-barley,s - alfalfa - alfalfa - w-wheat 71 64 71 64 28 27 35 50

(w=winter, s=ssummer)
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Table 4 Mean value points calculated from uncertainty gsialfor selected scenarios and respective minimum

and maximum value points, and standard deviati@) (8 mean values.

Food and fodder Provision of biomass Soil erosjlon Drought.rlsk
protection regulation
2 9 Y w0 2 9 Y e o 2 9 Y e o 2 F &
e < <« = < < = S <« <« T S = & 4
Mean 56 51 57 55 40 58 53 59 58 57 78 93 60 79 85 46 51 34 46 57
Median 56 50 57 54 39 58 53 59 57 57 79 93 60 79 85 46 51 32 47 58
Min 39 36 39 38 27 42 37 39 41 39 68 92 41 69 79 21 30 17 22 36
Max 75 72 76 73 53 78 73 79 77 80 83 94 72 83 88 67 69 54 67 76
SD 6.7 6.2 75 6.5 49 6.7 64 75 6.7 6.8 20 04 58 20 14 69 66 7.3 6.8 6.6
Flood regulation RS (£ Ecological integrit
g based production g grity
2 2 0o 2T oo 2II oo
a =2 2 <« < a = 2 <« < o = 2 <« <
Mean 55 38 45 44 38 35 33 40 34 29 32 44 26 33 40
Median 44 38 44 44 38 34 32 39 33 28 31 43 25 32 39
Min 22 20 21 22 17 24 23 27 24 20 23 31 19 24 27
Max 50 47 57 49 52 54 52 64 53 43 42 56 34 42 55
SD 86 7.7 95 84 84 52 50 6.7 51 43 3.2 43 23 32 45

Table 5 Landscape metrics (LM) indicator values, resultiegrement/increment of cell-based value points and

LM impact on cell-based values for ecological imtiggand selected scenarios. Value points of thteria

(landscape fragmentation, landscape diversity,thabonnectivity) are added up and subtracted frelikbased

value points. Value points are derived through doadiion of indicator performance within ecological

connection matrices (adapted according to the agprof Frank et al. (2012).
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= = 5 = — _ o e
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= w % 2 f= 5 = ] =z 5 o oo
a w c & a a > o @ @
= 4 ] = = fud = 0 = a £ T 4
e > a ¢ & & k= a =] o E @ ©
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sl 59 £E £ = 5 T £ & = 55§
A O = T 5 3 A £ h = 3 o} T S EE
[%6] [krn®]  [Points] 1 [krn®] [-] [Points] [%6] [Points] [Total Points]
BAU 2.1 4.0 -10 0.8 0.2 1.4 -5 3.0 -10 -25
M-1 2.1 4.0 -10 0.8 0.2 1.4 -5 3.0 -10 -25
M-2 2.1 4.0 -10 0.8 0.2 1.4 -5 3.0 -10 -25
A-3 2.1 4.0 -10 0.8 0.2 1.4 -5 3.0 -10 -25
A-9 26.9 4.3 0 11 01 1.5 0 32.3 10 10
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Figure Captions

Fig. 1 The REGKLAM region in eastern Germany with they af Dresden located in the center and the
investigated case study area “Grof3enhainer Pflegie"the current land use/management pattern aceptd
the EMLC data set. The legend depicts common lardrdand use types, forest stand types, and atapion
classes of the three agricultural regions with praithant diluvial (D) soils, loess (L) soils, andatiered soils
(V) soils.

Fig. 2 Flow chart of the approach used to assess thectsipéland use change (LUC) and land management
change (LMC) scenarios within this study. LUC arM@ scenarios are assessed by combining (a) vafues o
individual land use/ land management types (cdlleg) and (b) evaluation of landscape structurenfmsition

and configuration of land use/ land managementsype

Fig. 3 Left: Flow charts which show how the scenario tayend policy targets were used to derive LUC and
LMC scenarios. Right: Examples for priority areasdfforestation (a; maximum scenario), discharaghg (b;
with high concentration of runoff), and areas witgh potential erosion risk (c; high and very higépresenting

areas foreseen for LUC/LMC (grey patches).

Fig. 4 Land use/ land management patterns and assesssels for selected scenarios: M-1, change of
conventional tillage practice ploughing (P) of mnetscrop rotations into conservation tillage (CW)}2, silage
corn (P) on 40 % of cultivated area over a 10 yeaiod; A-3, afforestation of discharge paths v@tak mixed
deciduous forest; A-9, afforestation of priorityeas for afforestation (Max.). Resulting spider thdisplay
scenario results (black line) and results of thigairpattern (BAU, dotted line). The different oo in the maps

represent the individual land use classes (cf. Big.

Fig. 5 Boxplots of normalized landscape level values tded scenarios as results of the uncertaintyyaisal
We assumed a 30 % general error of land use/maragespecific indicator values. Boxplots depict the
minimum and maximum values (whiskers), the upperlawer quartiles (box), the median (horizontaglin
the box), and the outliers (circles) after 100@eitions.
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[ L8 -Alfalta - Wheat - Potatoe - Barley - Field bean - Triticale
B L3 - Hemp - Cereals mix silage - Rape - Wheat

B L10-Corn silage - Corn silage -Corn silage - Wheat

[] v1-Rape -Wheat - Rye

[] v2-Rape - Wheat - Corn silage - Rye

[] v3-Pea-Wheat - Corn silage - Rye

[[] V4 -Rape - Triticale - Rye - Clover - Rape - Triticale - Rye - Lupine
[] V5-Field gras - Corn silage - Triticale - Rye

[] V6-Rye - Clover - Barley - Corn silage - Oat

[ Vv7-Clover - Wheat - Pea - Rape - Barley - Rye

[ vs-Clover - Clover - Oat - Barley - Pea - Rye

B vs-Rye silage - Corn silage - Triticale silage - Rye

B V10 -Rye silage - Alfalfa - Alfalfa - Wheat
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