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Introduction

Nonpoint source pollution is an issue for
agricultural fields due to nitrogen and
phosphorus from fertilizer and livestock in
the Midwest.

Biofuel production requires land and
water resources and is significantly
impacted by climate changes.

Cellulosic biofuel feedstock production in
a landscape design incorporating low
productivity land was converted to high
biomass production crop. The selective
feedstock is switchgrass in this study.

This study examines potential impacts of
current and proposed landscape design
and Best Management Practices (BMPs)
on water quality under historical and
future climate scenarios, supporting
sustainable bioenergy production.
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Study Area - South Fork Watershed

= Located in Hardin and
Hamilton Counties in lowa
with drainage area
approximately 800 km?

= |ncludes the tributaries of
Tipton and Beaver Creeks

= Corn and soybean are
dominant crops: about 78.6%
of the watershed area

= 3 main tributaries at the 10-
" digit hydrologic units (Beaver
creek, the South Fork of the
lowa River, and Tipton creek)

- — River Networks

Beaver Creek
South Fork lowa R+M

= Historically, groundwater
South Fork of the lowa River Basin, IA contamination is an issue

because of nitrogen.



Methodology Framework

- Historical climate data
- Downscaled Regional
Climate Model (RCM)
.I
- 10 years hydrology
- Crop land rotation
- Riparian buffer
- Residue harvest
- Cover crop

e

- Switchgrass for biofuels

- SWAT




Application of SWAT to evaluate impacts of
bioenergy production on water quality soi& water SWAT
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= Advance understanding of the relation of
increased feedstock production to natural
processes that affect spatial variations in

— Water quality

— Water resource availability

= Assist in a variety of management decisions
and protection strategies to meet
regulatory limit and sustainability criteria

SWAT model for the South Fork of lowa River watershed includes 39 sub
basins and 1,517 Hydrologic response units (HRUs).




Input data

= DEM (30 m)
= HRU: 5% (land use), 10% (soil), 10% (slope)
* Land use map: Crop Data Layer (CDL) from NASS

— Four-year crop rotations (mainly corn and soybean, 78.6%)

— Corn and soybean combinations based on years 2007, 2008,
2009, and 2010: Eight different groups (e.g. corn-corn-corn-corn
[CCCC], corn-soybean-corn-soybean [CSCS], soybean-corn-
soybean-corn [SCSC])

— Low-density residential area (10.6%) and pasture (8.5%)
= SSURGO soil data base

= Climate data (precipitation and max/min temperature) from
NOAA’s National Climate Data Center

= USGS gauging station



SWAT Application for South Fork of lowa River

Watershed - Base scenario

cms
70

60

50 A

40 -

30 A

20 A

10 +

z (Yiobs _-Yisim)z
=1

NSE=1- |-
- 2
H drO ra h E(Yﬂbs_}ymean)
yarograp i
[ i=1 )
mm
- = 0
llll‘ ‘|I|||I|l| ||| ||- ||”| ” |” I|'||'|‘| ” |I|'IIIH ‘||'II' ||||‘|||'|| |"I'II |||||l ” “ ”q
J - 100
- 200
[
0
s PREC_mm 1
n
—— simulated " - 300
"
----- observed "
1
1
" - 400
,“n
R
'1'
A ]
noe oo N - 500
Iy A H 1/ \
Pan gy, !
A I | h
l‘l n \] ]
] N,
,\‘ h Y AWM H ] ™y
"~ H ] \ I AV \ R - 600
I n I Ao A ] B , I\
[ 1" I AN 1 nl | ] \ h (A
1\ ! 1 \ ,‘ \ \ i 1 0
IAS ] [ Y] 1AL \ t ,\' \ \
A a===27 Z -
s Cae— — et o - 700
oSN O dA SN O d &SN O d N O d & O o < > < ™S O A g ™SO A g ™~ 0O d s N O
O O O 14 O O 0O 1 0O O O 14 00 0o+ 0 o0 o 1 0o o o O O 1 O O O 1 O O O 1 O O O
D T T e T e T T T T T B T e e - e e - e e e
O O O O «f 1 + 4 N N N N N0 0N o0 N <& <& <& < 10 n un O O O SN N NN 0 60 600 00 O O O O
O O O O O O O O O O O O O O O O O O o o o o o O O O O O O O O O O ©o © oo o o
O O O O O O O O o o o O O O O OO oo o o o O O O O O O O O O o o o o o o
AN AN AN AN AN AN AN AN AN AN AN AN AN N AN AN NN AN AN N NN N AN AN AN AN ANAN AN AN AN AN AN N NN

Model performance (NSE: Moriasi et al. (2007) & R?)

Calibration (2000-2005): [flow] 0.68 (NSE), 0.72 (R2), [NO3] 0.65 (NSE), 0.77 (R?)

— Validation (2005-2009): [flow] 0.60 (NSE), 0.85 (R?), [NO3] 0.58 (NSE), 0.71 (R?)



Proposed Landscape Design

= Land use change for cellulosic biomass
production in various sub basins across the
watershed
— Switchgrass
— Stover
— Corn grain
— Soybean
= Collaborative project with INL and ORNL.
Scenario developed by INL based on supply
curve (ORNL) and soil erosion potential.
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Corn stover harvest + Cover crop application

= Residue harvest rates
- total soil loss factor (T)
- SCl values
- annual maximum
sustainable residue removal

= Winter cover crop application
- Rye was implemented to corn and soybean fields.
- benefits; minimizing sediment erosion, nitrate, and phosphorous losses.



Riparian buffer application

= Filter strip trapping efficiency
— Trap. = 0.367 (FILTERW)0-2967

where, FILTERW: width of the filter strip (m)

— Buffer width 30m was applied.

— Alamo switchgrass was selected.
— 1.9% (watershed) ,t
— 2.4% (total agricultural croplands)

Legend

I buffer_30m
I vuffer_50m



Climate model

IPCC projected temperature increases between
1.5 and 4.5°C from a doubling of equivalent
carbon dioxide (CO2) concentrations, and
extensive spatial variability in temperature and
other climate changes

Global Climate Models (GCM) have been
downscaled to regional climate models (RCM)
through various methods such as dynamic,
statistic, and delta change.

Weather Research and Forecasting (WRF)
model by Argonne National Laboratory

Downscaling of 2.5-degree National Centers
for Environmental Prediction-U.S. DOE
reanalysis Il (NCEP-R2) data

Resolution: 12 km and RCP: 8.5

Future model: 2085-2094
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Bioenergy Production Scenarios of the Study

" Eight combinations of different land use and climate scenarios
— Land conversion occurs from low productive land or idle land to switchgrass.

— Riparian buffers were applied.

— Proposed land conversion with residue harvest and winter cover crop
application
— Historical climate and future climate models.

BLU BLU_RB SWG RH_CC_SWG
H|.stor|cal Base Base Landuse LUC with Stover harvest +
Climate
Model landuse + RB SWG cover crop +

LUC with SWG

Future BLU WRF BLU_RB_WRF SWG_WRF RH_CC_SWG_WRF
Climate Base Base Landuse  LUC with Stover harvest +
Model (WRF, landuse + RB SWG cover crop +

RCP 8.5) LUC with SWG



Change of Sediment Yield (t/ha) under various land
use & climate scenarios
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Change of nitrate loadings (kg/ha) under
various land use & climate scenarios
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Change of total nitrogen under various land
use & climate scenarios
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Change of total phosphorus under various
land use & climate scenarios
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Concluding remarks

Eight different scenarios with alternative land uses under current climate
and future climate model were applied to calibrated hydrologic model to
simulate flow, sediment, and water quality in the South Fork lowa River
watershed.

Landscape design with switchgrass can effectively improve water quality,
strengthen soil control, with minimal impact on water resource, while
producing feedstock for bioenergy production.

Under future climate scenarios, land converted to switchgrass shows
significant improvement in sediment and nutrient loadings from current
land use.

Switchgrass — based bioenergy can provide a production system that is
resilient to climate change scenarios investigated in this study.

Best Management Practices (BMPs) such as riparian buffer strips and
cover crop show positive effects on water quality and suspended
sediment.

Water quality benefits a proposed landscape design with switchgrass are
greater than the effects of BMP applications.



Ongoing project

Drainage area 8,061 km?

Crop areas 63.5 % ML

Main crops Corn and soybean

Tributaries 8-digit HUCs (Upper lowa, Middle lowa)

# of counties 16

* Historically, groundwater contamination is an issue because lowa River
of nitrogen. watershed

South Fork of
lowa River
watershed



lowa River Watershed

= [ Stream networks and weather stations]
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