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Nutrient Loading in the Chesapeake



Biofuels and water quality: Blessing or Bane?

Presenter
Presentation Notes
This study by the Chesapeake Bay Commission was the initial motivation for our analysis of winter energy crops.  It illustrates the water quality problems (specifically excess N, but P is also a major issue) associated with corn grain biofuels, and the water quality benefits of cover crops.  You may have plenty of other motivation slides 



Source: Andy Heggensaeller, Iowa State University





Why Winter Energy Crops?

• Complement summer annuals
• Available equipment and 

experience
• Affordable, short-term financing
• Scale-up can be very fast



Bonus #3: Rye increases carbon sequestration
Decreases Net Ecosystem Exchange (NEE) of CO2

Baker and Griffis 2009

Presenter
Presentation Notes
Baker J M and T J Griffis. 2009. Evaluating the potential use of winter cover crops in corn soybean systems for sustainable co‐production of food and fuel. 
Agric. For. Meteorol. 149: 2120‐2132.



Red: Counties where less than 2% of total county area is 
producing corn or soybeans

Rule 1: Focus on Corn and Soybeans

Feyereisen et al. 2013

Presenter
Presentation Notes
This is an expanded view of the US Corn Belt.  The 2% cut-off includes areas with small but still significant amounts of feed corn and sweet corn.



Red: Counties where greater than 5% of corn acreage is irrigated

Rule 2: Plant where winter rains are plentiful

Feyereisen et al. 2013

Presenter
Presentation Notes
This slide illustrates the rule we used to eliminate counties where cover crops may not make sense due to water stress (low rainfall, shallow or sandy soils).  We used irrigation as an indicator.



Red: Counties where greater than 10% of total cropland is 
producing rice or cotton.  

Yellow: Existing acres of winter wheat and barley also excluded.

Rule 3: Don’t compete with other winter crops

Feyereisen et al. 2013

Presenter
Presentation Notes
We also eliminated from further consideration land winter crops are already grown. For regions where rice or cotton are grown we eliminated the entire counties.  For areas with winter wheat or barley production, we cut out acres within counties, not entire counties as we did for rainfall, rice and cotton.  We also caculated an acreage correction for crop rotations in regions that typically include alfalfa or other hay crops in corn-bean-hay rotations.   



Gray: Counties excluded from consideration 
for winter rye production

What’s left? Available Winter Cropland…

Feyereisen et al. 2013



Feyereisen et al. 2013

Presenter
Presentation Notes
Estimated winter rye yield on acres in continuous corn.  Fall corn harvest and spring corn planting dates were county averages.



Feyereisen et al. 2013

Presenter
Presentation Notes
Estimated rye yield in a corn-bean rotation for the winters when corn is harvested in the fall and beans will be planted in the spring.  Soybean planting and corn harvest dates were county averages.



Feyereisen et al. 2013

Presenter
Presentation Notes
Estimated rye yield in a corn-bean rotation for the winters when beans are harvested in the fall and corn will be planted in the spring.  Corn planting and bean harvest dates were county averages.




Feyereisen et al. 2013

Presenter
Presentation Notes
Even with these conservative filters, perhaps 150 million dry tons of rye could be produced on US corn acres each year. This is a substantial cellulosic biomass resource that required no new acres, no substantial competition with food crops, and offers important environmental benefits.  And this is a cellulosic resources that is available immediately – there is no wait for yield increases or land use changes to occur.



A Triple Bottom Line
110 - 160 million dry tons/year of winter crops =
• People: Off-season jobs in rural communities.
• Planet: Multiple carbon reduction 

components, improved soil and water quality, 
other ecosystem services.

• Profit: More income for farmers, 
local businesses, and biorefineries.



Chesapeake Biomass Potential
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Bonus #2: Familiarity drives Adoption



Team2-PIHM/Cycles 18Zhao et al. 2014

Landscape Design

10  to 20% of the landscape 
in perennials results in
85 to 95% reductions in N, P 
and sediment!
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Landscape Agro-economic Modeling:
Iowa Example

Bonner et.al. 2015
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Team2-PIHM/Cycles 21

Sub-field Profit Analysis



Team2-PIHM/Cycles 22Bonner et.al. 2015
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Biomass By the Numbers:

Bonner et.al. 2015



Landscape Agroecosystem Modeling
From point models
- CropSyst
- EPIC
- CYCLES …

To semi-distributed or 
semi-coupled models 
- APEX
- SWAT

To fully distributed models 
for landscape design
- PIHM-CYCLES

Montes, Kemanian et al. 2015

Presenter
Presentation Notes
The message is: there is an evolution of tools from point models to landscape level models. The first step was “SWAT” a river basin scale model. One attribute of this model, or weakness, is that each Hydrological Response Unit (or HRU) is essentially a point model. It is a simple way of aggregating results, the “landscape” does not interact. Our modeling approach is to make the connection explicit – and water (and air) is the glue that binds the landscape together. So groundwater and surface water need to be explicitly coupled. I think this is a decent short version. The figure let’s you guide people to a potential buffer strip, in which each polygon in the mesh interact with the neighbors, including the river. 



PIHM-CYCLES + Hydroterre System

Build land use 
scenarios

2008-03-08
0 to 0.5
0.5 to 1
1 to 2
2 to 2
2 to 2
2 to 3

Output – dynamic of 
ground water storageMontes, Kemanian et al. 2015

Presenter
Presentation Notes
The modeling system assimilates terrain, weather and management attributes to run a simulation. Everything is spatially explicit – but of course, is as good as our skill and as the INPUT data let us be. We are able to trace movement of nitrogen, other nutrients, and sediments through the landscape. The system is developing at full speed and allows students to develop very strong, integrated, PhD programs.  We do not rule out other tools, and in fact, we plan to use Cycles alone or SWAT as needed. We are not dogmatic, but it is clear in which direction things are moving. 



Example WE38 – 250 ha watershed
2008-03-05

0 to 0.5
0.5 to 1
1 to 2
2 to 2
2 to 2
2 to 3

2008-03-06
0 to 0.5
0.5 to 1
1 to 2
2 to 2
2 to 2
2 to 3

2008-03-07
0 to 0.5
0.5 to 1
1 to 2
2 to 2
2 to 2
2 to 3

2008-03-08
0 to 0.5
0.5 to 1
1 to 2
2 to 2
2 to 2
2 to 3

2008-03-10
0 to 0.5
0.5 to 1
1 to 2
2 to 2
2 to 2
2 to 3
3 to 4

2008-03-12
0 to 0.5
0.5 to 1
1 to 2
2 to 2
2 to 2
2 to 3
3 to 4

2008-03-13
0 to 0.5
0.5 to 1
1 to 2
2 to 2
2 to 2
2 to 3
3 to 4

2008-03-15
0 to 0.5
0.5 to 1
1 to 2
2 to 2
2 to 2
2 to 3
3 to 4

Montes, Kemanian et al. 2015

Presenter
Presentation Notes
From March 5 to March 15, 2008. Wetting of the landscape and drainage of landscape. We can map not only which are “wet” but who is contributing water and nutrients and model where would be the most efficient way to slow down or block the leakage of nutrients. Both losses with water and gaseous losses of nitrogen can be simulated. We are almost there! 



Example WE38 – 250 ha watershed

With winter grass cover cropWinter fallow

Montes, Kemanian et al. 2015

Presenter
Presentation Notes
To the left, an average simulation of corn – corn, and to the right the same rotation with a wheat crop acting as a cover crop. N losses are sharply decreased in the worst years (2004 – 2005 and 2011, the spring of the flooding), but the background losses in years with minor losses are also decreased (use the red lines as references). 



Ongoing: towards finer scales useful 
for landscape design

242 mesh triangles, 1 ha each
>1,000 mesh triangles
Precision Agriculture
Precision ConservationMontes, Kemanian et al. 2015

Presenter
Presentation Notes
Moving academic tools from academic prototype to applications. Train the workforce in the context of tools data are data intense. Bring landscape design as a real force that can push bioenergy landscapes forward with the impulse of “precision conservation”.
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