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Abstract: Land usechange can significantly affettte provision ofecosystem servicemnd the
effects could be exacerbated projectedclimate changeWe quantify ecosystem services of
bioenergybased land use change astimate theotential changes @&cosystem services due t
climate changeprojections.We consideredl7 bioenergy based scenarios with Miscanthus,
switchgrass, and corn stover@mndidate bioenergy feedsto&oil and Water Assessment Tool
simulations of biomass/grain yield, hydrologgnd water quality were used to quantify
ecosystem_services fresh watemovpsion (FWPI), food (FPI) and fuel provision, erosion
regulation(ERI), and flood regulation{FRI). Nine climate projections from Coupled Mdde
Intercomparison Project pha8ewere used to quantify thotentialclimate changevariability.
Overall, €osystem services of heavily row cropped Wildcat creek waterskeddower than St

Joseph River watershed which had more forested and perennial pasture landsvibien pf
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ecosystem services foboth study watershesiwere improved with bioenergy prodtion
scenariosMiscanthus in marginal lands of Wildcat crg@®o of total area) increaséd/VPI by

27% andERI by 14% and decreasé®Pl by 12% from the baseline. For. Sbseph watershed
Miscanthusn marginal land$18% of total area) improveeWPI by 87% andERI by 23% while
decreasind=RPlLby 46%. Therelativeimpacts of land use change weensiderably largethan
climate changémpactsin this study.Editor’'s note This paper is part of the featured series on
SWAT Applications for Emerging Hydrologic and Water Quality Challenges. See the February
2017 issue forthe introduction and background to the series.

(Key Terms: eeosystem services, bioenergy impaktscanthus, switchgrass, corn stover, fresh

water provision, food and fuel provisicBWAT. )

| ntr oduction

Climatevariability and changeahd useandlandmanagement change can put increasing
pressure on.our natural resourcespecially water, landand food resources. The increasing
global emphasion bioenergy production can introduce fast growing high biomass yielding
perennial.grasses and trees to commercial agriculture under favorable economic conditions.
Anticipatedsclimate changand variabilitycan exacerbate the potential impacts of land use
changesIn generalthe inclusion of perennial grasses instead of conventionally managed row
cropping is expected to have environmental bendfitsnerous stuéis havehighlighted water
quality benefits of perennial grass producti@el¢éDavis et al., 2003; Parrishand Fike, 2005;
Mclsaacet al.,2010;Diaz-Chavezet al, 2011 Fenget al.,2015;Cibin et al.,2016)while acrop
residue based bioenergy production is predicted to increase soil erosion and sedaimagstttna
the receivingstreams Delgado, 2010yan Donket al, 2010; Johnsoet al, 2010; Cibinet al,
2012).Conventional griculture bioenergy crop productiodmasalso raised concern over food and
fuel competition(Pimentelet al.,2009)and carbon sequestration (Framtal, 2015. A careful
environmentaliimpact assessment from different stakeholder perspectdveptimum planning
of differentsland use and management practices are required for inclusion of em@gynto

commercial agriculture.

Environmental impacts of bioenergy production can be assessed in diffengsuch

as (1) sustainability indicator analysis (McBridg al, 2011) (2) risk-vulnerability-reliability
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assessment (Hoqe al.,2013),and(3) absolute and percentage chengpact assessantwith
baseline referencgCibin et al., 2016 Fenget al.,2015),etc. Ecosystem services evaluation for
bioenergy production is anotheremc which can compare different aspects obs/stem
benefits to peogple from bioenergy production. Ecosystem services can be edassder
supporting (autrient cycling, soil formation, primary productiett), provisioning (food, fresh
water, woed_and fiber, fueletc.), regulating dimate regulation, flood regulation, erosion
regulation;“disease regulatioatc.) and cultural gesthetic spiritual, educational, recreational
etc.) services(MEA, 2005)n an idealsustainably manageecosystem there should be a good
balance hetween all egadem services (Folegt al., 2005). However,n current intensive
agriculturakeeosystemsthe primary focus is omémaximizing food provisioning while other

ecosystemrservicege often not prioritize¢Foleyet al, 2005).

Quantifying ecosystem service$ a system is challenging due to lack of quantifying
methods and-data availability (Seppatlal.,2011; Logsdon and Chaubey, 2012, Volk, 20113
addition, not-all the valuation metrics perform equally well for the different ecosystem services
(Farberet al, 2006), and there is a lack of standardization in how they are valued (Betthias
2016; Polaskyet al, 2015).To the best of our knolwdge,there are no reported efforts on
guantification=ef ecosystem services for bioenergy production systertie dase of bioenergy
systemg'measured data at large scale are not availtlethe United Statessince large
bioenergy production isot yet establishedApplication of mathematical simulation models can
give realistiesseenario realizationshifoenergy production scenariase adequatelyepresented
in the models.Logsdon and Chaubey (2013) proposed a methodology to quantify fresh water
provisioning, food provisioning, fuel provisioning, flood regulation and erosion regulation using
Soil and "Water Assessment Tool (SWAT) ecohydrological model (Armoldal., 1998)
simulations,.which is part of a broader recent thrust identified in the literature to fully utilize the

capabilities'of SWAT to model ecosystem services (Francestahj 2016).

Two key, sets of improved bioenergyopping systemelated algorithms have recently
been incorparated iIBWAT: (1) Cibin (2013) introduced corrections to SWAT that enable more
accurate representation of corn stover removal, andr¢®ula et al (2015) parameterized and
improved SWAT to better physiologically represent perennial bioenergy crops such as
Miscanthusand switchgrass ithe Midwest US.These improved SWAT bioenergy algorithms
were ported to SWAVersion 2012 (SWAT2012Revision 611 and have only been applied in
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91 limited recent SWAT applications includin@henet al (2015),Cibin et al (2016), Gassmaret
92 al. (2016) and Panagopoulos et al. (2016). These SWAT improventenigled with the
93 methodology advanced by Logsdon and Chaubey (28apport the overall goal of this study to

94  quantify ecosystem services of futuristic bioenergy produstemarios.

95 Climate'changand variabilityalong with land use changean affect ecosystem services
96 in a watershedQuantiling of ecosystem service of futuristic climate and land use change can
97 help in developing better adaptation strategies to overcome potential negativés irapdc
98 maximiz bengfits.This researchis part of a foustudy series discussing policy implications
99 (Kling et al, 2016)andenvironmental impacts at different spatial scales (Gas&mah, 2016;

100 Panagopaulost al, 2016) within the broader context of research being conducted within
101 CenUSA Bioenergy (Mooret al, 2014), and quantifies the potentialpacts of futuristic
102  bioenergy production scenarios on ecosystem services under current and projectedifoate

103  scenarig iprtheU.S. Corn Belt regionThe specificobjectives of the study are:t(l) quantify

104 the ecosystem=services of plausible bioenergy production scenarios for twehedsemthe

105  Midwest US and (2) estimate theariability in the provision ofecosystem services due to

106  climate change.

107  Methodology

108 Seventeen plausible futuristic bioeergybased scenarios were developeudth

109  Miscanthus.(Miscanthus x gigantgusnd Shawnee, an upland switchgré®anicum virgatum

110  L.) varietysas perennial dedicated bioenergy crops and(Zean mays L.¥tover as crop residue

111 for biofuel “production.The scenarios were developed with bioenergy crop production from
112 marginal lands, current pasture lands and prime agricultural lasidg SWAT version 2012

113 (SWAT2012), Revision 615, which is the same version used in the other CenUSA Bioenergy
114  project applicabns (Gassmamet al, 2016; Panagopoulost al, 2016) SWAT was used to

115  representithesscenarios in the study watersheds. The model was parameterized and improved for
116  better physical representation of perennial grasses, specifioglgnd switchgrass and

117 Miscanthususing field measurements in the region by Trybelaal (2015) and for

118  representation of corn stover removal using the methods described by Cibin (2013). The
119  improved model was used this study to estimate strefiow, erosion, nutrient loading, and

120  crop yield for different bioenergy scenarios to quantify ecosystem services from these scenarios.
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Five ecosystem services were evaluated including fresh water provision)(FodE provision
(FPI), fuel provision (FuPl), erosion regulation (ERapd flood regulation (FRI)Daily and
annual time step SWAT simulations were used to calcti&diophysical value aécosystem
services. Simulations were conducted in a parallel computing framework on Linputesm
clusters maintained by Research Cotmm (RCAC), a highperformance computing facility
located at'Purdue University (Purdue, 2016).

Study Area

Thestudy was conducted in two agricudtily dominant watershedscatedprimarily in
Indiana inthe”eastern Corn BelfFigure J: (1) Wildcat Creek which drains2045 knf of
predominantly agriculturdand characterized by0% corn/soybeaproduction 9% forest,and
5% pastureand(2) St Joseph River, with 8800 knf drainage arethat is alsopredominantly
agriculturakbut‘with lowercorn/soybearproduction (37%)25% pasture, 12% forest and 8%
forested wetlandsThe Wildcat Creek watershed is located in central Indiana with flat terrain
highly productive corn/soybean areas adinsto the WabasRiver and eventuallyo theGulf
of Mexico. The St Joseph River watershésilocated in northern Indiana witlirainageareas in
IndianagMichigan and Ohio. The watershéds ahilly terrain with marginal agricultural lands
and pasture areashe St Joseph Rivedrainsto Lake Erie whicthasexperienced excesdgal
blooms and eutrophicatian recent yeargObenouret al, 2014;Scaviaet al., 2016).Soils of
both watersheds were formed from compacted glacial till and are classified as good agricultural
soils. The dominant soil textures arédt $oam, silty clay loam, and clay loamAnnual
precipitation of both watershedvere near 1000 mm with Wildcat Creek watershed receiving
slightly mere=precipitation than St Joseph River watersfAde: two watersheds represent
distinctive-terrain, landuse and managent characteristics othe Midwest US watersheds
SWAT was“parameterized for the two watersheds with aetappatial representation anehs
calibrated andvalidated for crop yield, streamflow and water qua(iBjbin et al., 2016).Daily
stream flow NastSutcliffe efficiency of calibrated model was above 0.65 for all stream gauge
stations'in_both watersheds under calibration and validation gerit encourage readers to
referto thesupplementary information of Cibat al. (2016) to fnd detailed discussion on model
development, calibration and validationHydrology and water quality impacts of growing
bioenergy crops in these two watersheds were studied using SWAT and results indicated
improved water health wittheintroduction of peennial bioenergy crops in the watershed (Cibin
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et al, 2016).Two sets of climate data were used in this study: (1) measured precipitation and
temperature data from the National Climatic Data Ce(itdp://www.ncdc.noaa.goyfor 14

years (1996€009),and (2) climate projection data representing future climate change scenarios
discussed. belowSolar radiation, wind speed and relative humidity where generated by SWAT

using long term mean monthly data for the region.

Climate projection:data

The.climate projection based anaysweredone using precipitation and temperatda¢a
from nine/General Circulation [Bnate (GCM) model projections obtainedrom the World
Climate Research Programme's (WCRE®upled Model Intercomparison Project phase 3
(CMIP3) (WRCP, 2016). These nine projections consisted &@CM models (GFDL CM2.0.1,
UKMO Had€M3 3.1 and NCAR PCM 1.3) in combination witlach ofthe three future
emission seenarios (A1B, A2, Bllurther dscription of these GCMs and projections are
provided (by WRCP (2016). The three models used in this study idergified to be
representative of previous impact assessments in the r@ggonKlinget al 2003). PPecipitation
and temperature data were bias corrected and statistically downscaledregtiution of 1/&
Bias correctionswas done using empirical statistical technique mapping the prylusnsity
functions for.monthly precipitation and temperatdrem climate model projections and
measured data. Bias corrected monthly precipitation and temperature was disintegrated to daily
by selecting daily time series from the monthly historic climatology. A detdilsclission of
downscaling and bias correationethodology can be obtained from Cherkauer and Sinha (2010)
Climate data from 195@050 was used for the analysis considering the first 10 jeansodel
warm up, andsthree thirtyear periods representing p#$06041989), present (1999019) and
future (20262049) climate conditions. The gridded precipitation and temperature data were
input to"SWAT.In general, werage monthly tengrature and precipitation increased with all
three emission scenariésr the future time period(20202049) compared to past (196989)
(Table S1).

Bioenergysscenarios

Plausible futuristic bioenergy scenarios for the region were carefully defined with
marginal lands as potential areas for growing bioenergy @aspgell as the@rime agricultural

land conversion asomewhaextreme case scenarios when bioenergy production becomes more
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economical. The stover residue from corn after grain harvest is identified as immediate
biofeedstock for biofuel productian the Corn Belt regio due towide availability (Lal, 2004;
Wilhelm et al, 2009. The only sover removal scenari@onsideredincluded 50% stover
removal from low slope (<2% slope) areas. Tablaovides details of the seventeen scenarios
considered.in, this study and area distributionthe two watershedsinder each scenario
Marginal lands‘are proposed as viable first choice areas for growing bioengpgydae to less
competition“between foodnd fuel production and potential environmental benefits (Robertson

et al., 2008;"Gopalakrishnaat al.,2009; Caiet al .,2010). Agricultural marginal lands in the

study watersheds were identified with threenditions: (1) highly erodible areasor (2)
agriculturak low, productive marginal landst (3) land capability based marginal landfiese

criteria are“generally consistent with the definition of marginal lands used within CenUSA
Bioenergy (Mooreet al, 2014). Corn/soybean areas with 2% slopewere considereds
potential highly erodible marginal landsthe study. Agriculturdy lower productive areas were
identified as_areas with less thafl-gercentile SWAT simulated corn yield in the watershed
(Cibin et al2016).Soils with Bnd capability clasd.CC) greater than 2vere identified as land
capabilitybased marginal lands (Feagal, 2015). Hypothetical extreme case prime agricultural
land conversion to bioenergy crops were considered in this study to understand the potential
impacts_of“extreme case scenarios. Six prime agricultural land conversion scenarios were
considered with 50% and 100% corn/soybean area conversion to perennial grasses. In 50%
agriaultural,_area conversion scenarios the areas were selected using randotionseind
strategic seleetiomethods Strategic selection was based on slope crijtevith the top 50%
highest slopecorn/soybeanareas selectedor land conversion to bioenergy crop$he
comparis@n of random arsfrategic slection should provide irgint towards the opportunities in
design of optimum cropping pattetnThe improved SWAT model (Trybulet al, 2015) was

used in this study to represent the perennial bioenergy crops. A detailed dis@issiover
removal representation and bioenergy crop representation in the study watersheds can be
obtained frem Cibiret al (2012 and 2016).

Ecosystem servicaguantification

The ecosystem services related to fresh water prov{g@fPl), food provision (FPI),
fuel provision(FuPl), erosion regulatiofERI), and flood reglation (FRI) were quantified for
the baseline and bioenergcenarios with current and future climate scemsaricosystem
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213  services werguantified usingthe methodology developday Logsdon and Chaubey (2013)
214  Ecosystem services aestimated by comparing tloeirrent state (or simulated scenario results)
215 with standard or targeted values in each ecosystem service attribute. For eXxamipleas

216  estimated_by comparing simulated streawfland water quality with minimum and seasonal
217  flow requirement, sediment, and nutriencentration standarddn ecosystem servicendex

218 >1 indicatesthatthe watershed is meeting the service targetecosystem service index less
219  than ] representshatthe system is not meeting the service targegisdon and Chaubey (2013)
220 have provided'suggestions on standards/ targets and have evaluated ecosystefoserfeoe

221 land uselscenarios inthe Wildcat Creek watershed This study used similar standi

222  (parametess Table 2) for quantiying ecosystem services for the baseline and bioenergy
223  scenarioskFuelprovisioning was estimated in this study by comparing whether the watershed can
224  support a medium sized (30 million gallon) biofuel refinery. Only cellulosic hilsteek based

225  fuel production was considered in the fuel provisioning estimatiiba.ecosystem services were
226  quantified annually, and average annual v&foe each scenariovereanalyzed in detail at the

227  watershedsoutlet.

228 Resultsand:Discussion

229  Ecosystemsservieof current land use (Baseline scenario):

230 The ecosystem services of the baseline scenadatel good (close to one) fresh water
231  provisioning.forthe St Joseph River watershemhile for the Wildcat creekwatershedfresh
232  water proyisioningvas low(Figure 2).A detailed analysis ahe different componestof fresh
233  water provisioningindicated thatstreanflow for both watershedsvas generally above the
234  environmental flow requirements (figesS2 and S3). The predicted sediment concentratan
235 the Wildcat Creek watershed was much higher than thahefSt Joseph Rer watershedA
236 higher sediment concentration fromme Wildcat Creek watershedould be attributed to
237 intensivelysmanagedropping land in the watershed whidctcounted foabout70% of the total
238 areaandadower streamflow. Even thoughe St Joseph River watershés a hillyterrain the
239 percentageofiferested and grassland (pasture) areas were much highah#atidcat Creek
240  watershed which tend to reduce soil erosibne smulated nutrient loading from Wildc&reek
241 was also higher than StJoseph River watershg#figures S2 and S3)The btal phosphorus
242  concentratiorwashigher than thevater qualitystandard of 0.3 mg/l for both watershedslthe
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loading trendwas similar to sediment loadinglhe predicted itrate concentration iWildcat

Creek was estimatg@.9 mg/l)to be higher thathe St JosepIRiver (1.5 mg/l)andwas above

the drinking water standard (10 mg/l) farany dayqFigures S2 and S3AImost 90% of the
cropped land in the Wildcat Creek watershduastile drainage a pathwayof nitrate nitrogen
export (Kladivkoet al, 2009. Thetotal amount of nitrogen and phosphorus fertilizer applied in
the Wildcat, Creek watersheid alsomore thann the St JoseptRiver watershedlue tolarger
croppedareaTheflood regulation service for both watershedssvow with values of 0.3 and

0.4 for Wildeat"Creek and St JosephRiver, respectively and theErosion Regulation Index
greater thanl.8 for both watershedsndicating that theerosion from the watersheds never
exceeded thestolerable soil loss. Food provisioning for the baseline scenarios was easmated
close toone and fuel provisioning was zero for batlatershedsThe minimum grain yield
parameter for food provisioning was assumed as the 10 year mean grain yield from the
corresponding watershed and the model was calibrated during the same period h#SBd-on
NASS @016 data. Food provisioning fahe St Joseph River watershed was slightly more than
one (1.25)=since the model ovestimatedgrain yield from the watershed. This signifies the
importance' off model calibration in the application of simulation models in quagtifyin
ecosystem.serviceSome @ the corn grain produced in the watershed could be uste grain

based ethanol production. However, the current study considered only second generagbn biof
production from bioenergy crops as the source of fuel production and thus the baseline fuel

provisioning is estimated as zero for both watersheds.

Ecosystem service of bioenerqgy scenarios:

Thegsprovision of eosystem services generally improvedboth watershedsvith the
introductionwof«perennial energy cropstanagricultural production (Figur®). Introducing
Miscanthusonthigh slope CS areaiScerario 1) of the Wildcat Creek watershe(@Table 1)
increased fuel provisioning to 0.7 which is equivalent ton#lion gallons of biofuel production,
with an assoclate8% reduction in food provisioningmproving fresh water provisioning by
22% and.erasion regulation by 12% in comparignthe baseline scenarfigure 2). Adoption
of Miscanthuson marginal lands inhe St JoseptRiver watershedwhich hasmore areawith
>2% slope(Table 1) improvedfresh water provisioning to 1.7 amould potentially produce
about 56 million gallons of biofuel (Figu®). Food provisioning from the watershed is reduced
to 0.8 or abouta 32% reduction fronthe baseline. Inclusion of bioenergy crops in agriculture
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didn’t havea significantimpactfor flood regulation. The flood regulation ranged between 0.29
and 0.34 for Wildcat creek and between 0.4 and 0.43herSt Joseph River (Table S1).
Previous simulatio studies also reportetthat theimpacts on streamflowvith inclusion of
bioenergy. crops to agriculture was minimal compared to water quality imgzitis et al.,
2016).

Maximum=improvement in freshwater provisionindjood regulation and erosion
regulationfor both watersheds was estimated with conversion of all CS area to switchgrass
(Scerario 13, Table S1).The maximum fuel provisioning was witMiscanthusgrown in all CS
areas (Sceario/12) in the Wildcat creek watershed, with a potential 27#lion gallons of
biofuel production. The maximum biofuel production potential fréme St Joseph River
watershed was also witfliscanthusgrowing in all CS areas (174 million gallons) followed by
Miscanthusin all pasture areas (120 million gallon¥he corn stover removal scenatiesulted
in maximum=fuel provisioningand minimal impacts on food provisioning and other ecosystem
services. ‘Themmagnitude of changes in ecosystem services were heavily associateé with
magnitude of land use change.nArmalized comparison of change in ecosystem service with
change in land use area (&ig S4) indicate tht bioenergy placement with high slope areas

resulted inthemaximumenvironmentabenefits.

Ecosystem services froMiscanthusand switchgrass scenarios were very similar except
for fuel provisioning (Figure 3, Table S1). The predidiéidcanthusyields were almost twice as
muchas the Shawnee switchgragslds with a similar difference in fuel provisioning services
Water quality benefits of both grasses were reported to laesimilar range (Trybulaet al.,
2015),thussfresh water provisioning and erosion regulation remained similar for both grasses.
Both perennial.grasses were simulated whdsame fertilizationatesas described in Trybulket
al. (2015) Also'the SWAT parameters related to soil erosion simulatienonsideredo be the
same aghose suggested in Trybulat al (2015) For example,SWAT usesthe Modified
UniversalSoll LessEquation (MUSLE Williams and Berndt, 19760 estimate soil erosion and
the USLEminimum crop facte (C factor) for both perennial grasseas setat 0.003.These
factors also contributed towards similaalues for fresh water provisioning and erosion
regulationfor both grasses. The changes in food provisiomirgdriven by the amount oS

land use change and thus remained the same fobstianthusand switchgrass scenarios.
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Marginal land area conversion to bioenergy crops are considettbé fast choice for
bioenergy production ithe case of agricultural are@onversion duéo potential environmental
benefits andassociateaninimal impacts on food productiofthis study considered three types
of marginal land definitions and the resutigicate tlat slope based marginal land conversion
have maximum benefits in freshwater provisioning and erosion regulation. Crop proguctivit
based marginal lands (S@eo 3 and 4)werefound tohave lessmpact on food provisioning
(Figure'S4).The St Joseph River watershed had more marginal land area availabtalald
potentialy “produce81 million gallons of biofuelvhen Miscanthuswas grown inall marginal
lands (Sceario 7). The Wildcat Creekwatershed can support 088 million gallon refinery if all
marginal land-areasereconverted tdMiscanthusproduction withan associate2% reduction

in food provisiening.

Corn staver removal in low slope S area (Scerario 9) increased fuel provisioninip
both watersheds (Fige 3, Table S1). Fresh water provisioning and erosion regulation were
slightly reduced (<5%) fothe cornstover removal scenario comparedthe baseline. Corn
stoveris generallyleft in thefield after grain harvesindis expected to improve soil cewx; soll
moisture retentionand reduce sediment and nutrient &ssdrevious studiewave reported
reduced streamflow and nitrate loading, and increased sediment and phosphorus |adhding wi
stover nemoval.(Cibirt al.,2012).The ®mbined effect of these factarsay have cancelled out
the negative impacts of stover remowath lessimpact on fresh water provisionin§imulations
showed that=stover removal from the low slope arhead relatively minorenvironmental
impacs, and theefore,could be considered as a future best management practice, if stover is
utilized as a biofeedstock for biofuel production. Improved fuel provisioning from stover
removal with minimal impacts on food provisioning and other ecosystem services alsstsugg
stover as .a.suitable biofeedstock from the regi®asture area conversion for bioenergy
production“alsa increased fuel provisioning with minimal impacts on other ecosysigcese
IntroducingMiscanthusin pasture areagields fuel provisioning of 0.6 an@.4 for the Wildcat
Creekand St JoseplRiver watershedsrespectivelyOnly cornsoybearyield wasconsidered in
the food provisioningthus pasture area conversion had no impact. In pasture area conversion to
biofuel produdbn, one perennial grasd{scanthusor switchgrassyeplacesanother perennial

grass (Tall fescue) and thus simulation resshtsvedminimal impacts on ecosystem services.

Prime agriculturaland conversion to bioenergy crops significantly improfredh water,
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fuel provisioning and erosion regulation while significantly redgdood provisioning (Figre

3). Comparison of random placement and strategic placeofebioenergy crops within the
watershedyields higher freshwater provisioning and erosion regulation with strategic placement
of energy_crops. Food provisioning from both random and strategic placement is very simila
while the fuel provisioning was estimated slightly lower tbe strategic selection scenario
compared'. to <random placementhe m@andom selection scenario improved freshwater
provisioning withMiscanthusby 50% fromthe baseline whilehe strategic placement scenario
improved fresh*water provisioning by 145% frdhe baseline inthe Wildcat creek watershed.

For the St' Joseph River watershed, randomly selected 50% CS area convexditowerfresh
water provisioning (1.5) than that of high slope marginal lands (1.73) which accdon83%o

of the CS"area. Comparison of random and strategic selgrboidesprospecton improving
ecosystem service benefits from bioenergy production with careful selection ofvdreses

bioenergy crops could be grown.

Ecosystemservice of bioenergy scenarios under climate change scenarios:

Changesn ecosystem services bbth thebaseline and bioenergy scenayimsresponse
to climatesehange and variabilitwas quantified usinthe previously describetine projections
of futureclimate' (three GCMs each executed withee emission scenario§ach future climate
scenario was uslas input to SWAT in the two watersheds for J@@ars (16year warm up, 3

thirty year_period of past, present and future).

Thesclimate projection simulation resulshow that current (199@019) and future
climate periog/(2020-2049) haveower ecosystem services comparedhe past time period
(196041989) for baseline scenario. The reduction in fresh water provisioning, flood regulation
and erosion regulation are less t&8f in both watersheds (Table S2 and S3) and the changes in
ecosystm_services were within the uncertainty bandtied ninefuture climate projections
(Figures4 and 5).Among all ecosystem servicesonsideredgclimate change hathe greatest
effect on foed*provisioning.Baseline scenaricobd provisioning decreasdsy 9% due to the
future climate compared to pastlimate in both watershedsAir temperature increased all
future climatescenarios compared tbe pastclimate (Figure S1). Precipitation trends varied
across different seasons wititreasedrecipitationin spring months (MarecMay) and reduced

summer precipitation (June August) (Figuire S1). The changes in temperature and growing
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season precipitation hadore impact on crop growth itte future climate period compared to
other ecosystem servicddood regulation fothe baseline scenario the St Joseph watershed
was reducedy 6% in 19902019 compared to 1961889 and increasedy 3% in 202602049
compared.to 1992019 A similar trend was also seen time Wildcat Creek watershed with
reduction in.flood regulationbetween current angast climates, and no change irflood
regulationunder futureclimatecompared taurrent conditionsThe changes iflood regulation
were very“small and thidell within the climate change prediction uncertaifgtween the 9
projections(Figure 4 and 5)There was little difference in ecosystem services betweeththe
emission scenarios (A1B, A2 and B1) for the future climate period §2020) (Figire S5).The
largest obsernved difference was with th&B emission scenariowhich hadan improvediood
regulation“index (0.57) compared tioe other two emission scenarios (0.5)the St Joseph
River watershedFlood regulation of 0.57 with A1B emission scenario represents 2.53 flood
events with 84.4 fftsecmagnitude and 4.37 days duration per year, while 0.5 flood regulation
with A2 and B1 scenario represents 2.96 flood events with 932enmagnitude and 6 days

duration peryear.

The changes in ecosystem servigegesponse tduture climate changefor different
bioenergy scenarios followed similar trend thoseof the baseline scenarsqFigures 4 and 5)
Similar to-feed.provisioning ithe baselinethe food and fuel provisioning for biofuel scenarios
also indicated higher variations with climate chamgenparedto other ecosystem services.
Changes insfeed provisioningas consistently around 9% for all scenarios in both watesshed
for futuref climate Impacts of climate change on fuel provisioning was slightly more for
switchgrass based scenarios (9%, average change of all switchgrass scenarios comparing future
and past ‘climate) compared kdiscanthus(7%, average change of all switchgrass scenarios
comparing.future and past climate) for all lanse change scenarios. Prime agricultural area
conversionto'perennials (Scenarios1l) had maximum impacts with climate change on flood
regulation”(10%n Wildcat creek and 6% in St. Joseph watershed, comparing future and past
climates)» Climate change had minimal impacts on fresh water provisioning and erosion
regulation in beth watersheds with all scenarios, with changes less than §éfterglland use
change $ amore significantdriver affecting ecosystem servicéisan climate changéor the
conditions evaluated in this studyor examplan scenario 7 of St. Joseph watershHadd use
change induces 82% change in freshwater provisioning while climate changesiodlce%
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change in future climate compared to past climate (Figure.3.ig could bedueto the scale of
land use change scenarios discussed in this studlyonsidering thieiture climate change only
until 2050.

Conclusions

Five pravisioningand regulating ecosystem services were evaluated for seventeen
futuristie bieenergy based land use change scenarios for two watenstibd4).S. Corn Belt
region Uncertainty in ecosystem services from climate change and variability was assessed
usingclimate projectio data. SWAT was used to represent the bioenergy production scenarios.
In generalwater quality is improved with perennial grasses in agriculaneds. All ecosystem
services except food provisioningere improved with bioenergy production compared to the
baselinelntroduction of bioenergy production provided a balaneeasystenwith regard to all

five ecosystem servicesnsidered in this study. The major findings of the stndide

= The.comparison ahebaseline scenarsdor the two study watersheds showatthn

increase in agricultural area reduces fresh water provisioning of the watershed.

= __Perennial bioenergy crops in agricultural a@aprove fresh water provisioning and

erosion regulation in both watersheds.

= Corn stover for bioenergy productiancreaseduel provisioning from watersheds
with minimal impact o other ecosystem servicdsstover removal occurs primarily

on.low-sloping lands.

» Floeod regulationis least affected among the five ecosystem serwds bioenergy

based land use changes.

= -~ Perennial energy crop production inhigh slope areasubstantially increases
€cosystem service benefits.

» Impaets of land use change on ecosystem services is expected to be greater than the

climate changand variability impacts.

= Climate change had more impact on food and fuel provisioning compared to other
ecosystem serviceonsidered in this study.

In this study, ecosystem servicesrav@valuated using SWAT simulationiBhere is a
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need to quantifyuncetainty in the model simulations. Additionally, only five ecosystem
services were considered in this study, and future work should include the quamtifafatiore
ecosystem serviceReal implications of bioenergy production on certain ecosystem seimiee

not limited tothe watershed scalevaluated in this study. For example, changes in corn or
soybean preduction in a watershed may not affect the food requirement of people in the
watershed, sincea_majority of the food produdion is exported and consumed outsitle
watershed."Howeveryaluation ofwatersheescaleecosystem services for bioenergy production
helps in estimating relative change in ecosystem services for diffeveatif scenarios and

can guide decisiemaking related to meeting bioenergy production goals while enhancing

ecosystemsservices

Supportingsknfor mation

Additional supporting information may be found online under the Supporting Information
tab for this.article:Figures include evaHion of climate projections, comparison of SWAT
simulationawwith’ ecosystem service paramgtezomparisonof percent change in ecosystem
services and land use change, and ecosystem service comparison for emission scenarios. Tables

include ecasystem service evaluated with measured and projected weather data.
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580 Table 1. Description of biofuel scenarios. Baseline scenario describes clamdnise in the watersheds. Abbreviations: corn/saybe
581 (CS), Land Capability Class (LCC), harvest 50% of stover available duringshaperation (Stover 50)Miscanthusvas modeleds
582  Miscanthtis % giganteyswitchgrass was modeled Ranicum virgatumThe total watershed area for Wildcat Creek is 20#5and

583  St. Joseph.watershed is 2766°

Area converted
_ Wildcat Creek St. Joseph
) Bioener gy
Scenarios Land use converted Scenario Name % of % of
Crops , Area
Area (km?) watershed , water shed
(km?)
area area
1 Miscanthus high slope marginal land (slop2%) SlopeMarg-M 1195 6% 347 13%
2 Switchgrass high slope marginal land (slop2%) SlopeMarg-S 119.5 6% 347 13%
3 Miscanthus agricultural marginal land AgMarg-M 59.6 3% 119.1 4%
4 Switchgrass agricultural marginal land AgMarg-S 59.6 3% 119.1 4%
5 Miscanthus land capability marginal land (LCC>2) LccMarg-M 22.8 1% 186.4 7%
6 Switchgrass land capability marginal land (LCC>2) LccMarg-S 22.8 1% 186.4 7%
7 Miscanthus combined marginal land AllMarg-M 177.9 9% 496.8 18%
8 Switchgrass combined marginal land AllMarg-S 177.9 9% 496.8 18%
9 Stover 50  low slope corn/soybean Stover50 1329.6 65% 702.3 25%
10 Miscanthus pasture areaonversion Past-M 102.5 5% 710.4 26%
11 Switchgrass pasture area conversion Past-S 102.5 5% 710.4 26%
12 Miscanthus 100% CS conversion 100CS-M 1449.1 71% 1049.2 38%
13 switchgrass 100% CS conversion 100CS-S 1449.1 71% 1049.2 38%
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14
15
16
17

Miscanthus
switchgrass
Miscanthus

switchgrass

50% CSconversionrandom selection
50% CS conversiorandom selection
50% CS conversiostrategic selection

50% CSconversionstrategic selection

50CS-M-Rand
50CS-S-Rand
50CS-M-Strat
50CS-S-Strat

725.6
725.6
723.6
723.6

35%
35%
35%
35%

524
524
524.7
524.7

19%
19%
19%
19%
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Table 2. Ecosystem service quantification parameters used for the two study watersheds, based
on the methods of Logsdon and Chaubey (2013).

Wildcat | St.
Ecosystem service | Parameters Estimated as Units Creek Joseph
Minimum 30% of long term
required flow mean USGS flow m’/sec 6.7 9.0
Seasonal m*/sec (winter) 2.4 3.6
Fresh water environmental 10%seasonal mean
provisioning flow requirement | flow m/sec (summer) 2.1 2.4
TSS standard IDEM, (2011) mg/L 46.3 46.3
Nitrate IDEM, (2011) mg/L 10 10
Total Phosphorus| IDEM, (2011) mg/L 0.03 0.03
10 year averageorn
r yield (NASS) Mglyear 6.5E+05| 2.9E+05
Food Provisioning
Minimum grain 10 year average
yield soybean yield (NASS) Mgl/year 2.3E+05| 1.6E+05
Feedstock to support 30 million gallon
Fuel Provisioning | ethanol plant Mglyear 3.5E+05| 3.5E+05
Max allowable
Erosion regulation | erosion rate USDA T factor Mg/halyear 4.4 4.1
Flood flow Q1 of flow m°/sec 49 77.9
Long term average flood duration days 4.8 5.3
Flood regulation
Long term average flood frequency count 7.8 7.3
Long term average flood magnitude m°/sec 84.0 127.7

List of Figures

Figure 1. Location map of the two study watersheds with locations of observational weathesstation

future climate projection grids identified.

Figure 2. Quantification of ecosystem services for base lineMisganthusin high slope ¥2% slope)
areasin Wildcat Creek watershed (top) and St Joseph River watershed (bottom). Ecosystem
services considered were freshwater provisioning (FWPI), food provisiomiRd), (fuel

provisioning (FuPl), erosion regulation (ERI), and flood regulation (FRI).
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Figure 3.

Figure 4.

Fresh water provision (FWPI), food provision (FPI) and fuel provision (FuPl) for trentaen

bioenergy scenarios compared with baseline scenario.

Ecosystem service comparison of different scenarios under climateechaagarios for the Wildcat
Creek watershed. The error bar in each figure indicates the range of eco®ysiess detween the 9
projections of future climate. (A) compares baselicenario with all marginal land converted to
Miscanthus(Scenario 7); (B) compares baseline with pasture area converMisdanthus(Scenario

10); (C) compares baseline with 50% stover removal (Scenario 9); and ([Pa@smrandom and

strategic conversioaf 50% CS area tMiscanthugScenario 14 and 16).

Figure 5. Eeosystem service comparison of different scenarios under climate change scenario for St

Joseph River watershed. The error bar in figure indicates the rangeosystem services
between the 9 projections of future climate. (A) compares baseline scenario with atiaarg
land converted tdliscanthug(Scenario 7); (B) compares baseline with pasture area converted
to MiscanthugScenario 10); (C) compares baseline with 50% stover removal (St&paand

(D) compares random and strategic conversion of 50% CS akéiadanthugScenario 14 and

16).
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