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EISA (2007) and land use changes
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∗ Energy Independence and 
Security Act (EISA) signed in 
December 2007
∗ Mandates use of 15 BGY corn-

based ethanol in transportation 
fuels by 2015 and 36 BGY of 
renewable fuels by 2022

∗ 137 BG gasoline consumed in US 
in 2014 (EIA)

∗ Wright & Wimberly (2013)
∗ GRCS – Grassland to Corn or 

Soybeans from 2006 t0 2011
∗ Relative GRCS – absolute GRCS 

divided by 2006 grassland

Red River Basin (RRB)

EPAct EISA
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Presentation Notes
PNAS – Proceedings of the National Academy of Sciences of the United States of America, Western Corn Belt, EIA – US energy information administration, highest was 142.35 in 2007. 



Other issues in RRB: (1) Spring flood
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∗ Wet weather cycle since 1993
∗ 7 out of 15 major floods 

occurred in the last 20 
years (Fargo)

∗ 2009 (1st), 2010 (7th), 2011 (4th)

March 2011

March 2009

March 2010



Other issues in RRB: (2) Nutrients to 
Lake Winnipeg
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∗ RRB’s portions among all 
Lake Winnipeg tributaries
∗ Monthly average flow: 16%
∗ TP load: 55% (US 32%)
∗ TN load: 34% (US 22%)

 Source: Manitoba Water Stewardship (2011)
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Presentation Notes
Nutrient Loading to Lake Winnipeg (Environment Canada and Manitoba Water Stewardship, 2011) study period 1999-2007Nutrient loading to Lake Winnipeg increased between 1999 and 2007, attributed primarily to discharges from the Red River. The total phosphorous load to Lake Winnipeg was on average 7,655 tonnes per year and ranged from a high of 13,043 tonnes in 2005 to a low of 3,384 tonnes in 2003, in association with above and below normal precipitation and associated river flows. The Red River was the main source of phosphorus to Lake Winnipeg contributing on average 5,380 tonnes of phosphorus per year to the lake or 68 % of the annual total load. The total nitrogen load between 1994 and 2007 was on average 90,701 tonnes per year and ranged from a high of 122,491 tonnes in 2005 to a low of 51,737 tonnes in 2003. The Red River contributed 34 % of the annual total load over the study period and, on average, 31,476 tonnes of nitrogen per year. In addition to tributary discharges, nitrogen fixation and atmospheric deposition contributed to nitrogen loading (18 %). On average, about 60 % of the phosphorus entering Lake Winnipeg through the tributaries and atmospheric deposition was retained in the lake with about 40 % exiting through the Nelson River; approximately 54 % of the nitrogen entering Lake Winnipeg was retained with about 46 % exiting through the Nelson River.Within the watershed, average annual phosphorous yield from 1999 to 2007 was 0.07 kilograms per hectare per year (kg/ha/y) while annual nitrogen yield was 0.89 kg/ha/y. Nutrient retention in numerous lakes, reservoirs, and wetlands, and the large proportion (31 %) of non-contributing areas throughout the watershed, contribute to relatively low yield as compared to watersheds of other large Canadian lakes. Annual average phosphorous and nitrogen export was highest in those river reaches characterized by urban and residential development, attributed to nutrient loading from wastewater treatment facilities serving larger populations and to higher rates of runoff from areas with low infiltration.Saskatchewan River, Red River (Assiniboine River (Souris and Qu’Appelle Rivers)), Winnipeg River



∗ To estimate agricultural land use changes that occurred 
in the Red River Basin after the enactment of EISA of 
2007

∗ To assess the impacts of the bioenergy-related land use 
changes on spring flood and water quality in the Red 
River Basin through economic-hydrological modeling
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Objectives
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Overall land use changes –
CropScape

Pre-EISA Land Use = (LU2006+LU2007)/2

Current Land Use = (LU2012+LU2013)/2



Crop yields at 
different locations 

and under different 
management

Econ 
Model

Land-use 
distribution 
probabilities

Plant/ 
hydrology 

Models
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Economic-physical modeling

Bioenergy 
policies and 

market 
demand

Hydrology 
and water 

quality 
impacts



Plant growth and hydrology model –
SWAT
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∗ Development and calibration
∗ 178 subbasins/2136 HRUs
∗ 45 counties (SSURGO)
∗ 30 weather stations
∗ 12 land-use classes
∗ 5-m DEM (LiDAR)
∗ 5 large lakes and reservoirs
∗ Calibration

∗ County-level crop yields 
∗ 16 streamflow stations
∗ 2 water quality stations

∗ Simulation (2000-2012)
∗ 4 dry years + 4 wet years

∗ Lin et al. (2015)
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Presentation Notes
Total 45,000 mi2, 81% in US (36,900 mi2); Devisl Lake basin (4,100 mi2), hydraulically connected, but not hydrologically connected. 



Results and Discussion
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Overall land use changes

62%

18%

-30%

-50%
-18%
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Bioenergy-induced land use changes
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Land use change impact on WQ (1)

2.6% 14.1%1.8%
2.2%
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Land use change Impact on WQ (2)

8.0% 7.5%5.9% 9.1%
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Normalized Hydrographs
(2000-2012 Single Peak Snowmelt 

Events)

Impacts on 
spring flood

Day



∗ Land-use changes in the RRB from 2006 to 2013:
∗ Increased: Corn (62%), Soybean (18%), sugarbeet, canola, dry beans, alfalfa;
∗ Decreased: Spring wheat (30%), forest (18%), pasture (50%), barley, oats;
∗ Factors: bioenergy policies, soil salinity, etc.

∗ Impacts on water quality
∗ Overall land use change – sediment by 2.6%, TP by 14.1%, nitrate by 5.9%, TN by 

9.1%.
∗ Bioenergy policy contributions – sediment by 1.8%, TP by 2.2%, nitrate by 8.0%, 

TN by 7.5%

∗ Impacts on spring flood
∗ No change on flood magnitude
∗ Greater prediction uncertainty under post-EISA condition
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Conclusions
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