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Model Philosophy

¢ Readily available input —
Physically based
e Computer efficient
e Comprehensive — Process Interactions
e Simulate Management




General Description

® Continuous Time

Daily Time Step (Sub-hourly)

One Day —— Hundreds of Years
e Distributed Parameter

Unlimited Number of Subwatersheds
e Comprehensive — Process Interactions
¢ Simulate Management

Possible Configurations

e Subwatersheds

¢ Hydrologic Response Units

¢ Qutput from other Models - APEX, SWAT
¢ Point Sources - Treatment Plants




CEAP Watershed System oy
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Pesticide Dynamics

Foliar Application
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Degradation ¢ A /y Surface Application

(7/: ﬁjn\Nashoff | Runoff

Infiltration Degradation
cecccectccccccccccccccccccccceed

I Leaching

Management

e Crop Rotations

e Removal of Biomass as Harvest/
Conversion of Biomass to Residue

e Tillage / Biomixing of Soil

e Fertilizer and Manure Applications

e Edge-of-Field Buffers

e Pesticide Applications

e [rrigation

e Water Impoundment (Wetlands, Rice)

e Subsurface (Tile) Drainage




Channel Processes

Channel Processes

® Flood Routing
® Transmission Losses, Evaporation
e Sediment Routing

Degradation and deposition
e Nutrients

modified QUAL2E

e Pesticide

Toxic balance

ArcView GIS Interfac

o
383 ) )
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Weather

* Daily Precip and
Max/Min Temp

» Monthly Radiation,
Windspeed, Humidity




Calibration and Uncertainty

e Sensitivity Analysis
Latin Hypercube — One-factor-at-a-time
e Auto Calibration
Shuffled Complex Evolution Algorithm
Multi-Objective Optimization
e Uncertainty Analysis

Uncertainty Analysis

e Parameter Uncertainty
Separate SCE optimization into
“Good” and “Not Good” Sets
v* and Bayesian Methods
ePredictive Uncertainty
Sources of UNcertainty GLobal
Assessment using Split SamplES
(SUNGLASSES)
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Tillage Systéms, Mafiu '_
Fertilizer Managemént

Schematic for Construction of
CEAP Baseline

CEAP Baseline,

onsite estimates
Farm survey

and NRI

data at Field-level
CEAP modeling
sample (APEX)

points CEAP Baseline,
off-site water
quality
estimates

Watershed
modeling
(HUMUS/
SWAT)




Flow Calibration Procedure

Minnesota

Terage nI Water Yi |
(USGS Streamflow)

® Calibrate APEX and SWAT
within 15%

® \Water Balance will Differ

Cultivated — Higher Surface Runoff
Non Cultivated — Higher Base Flow

Upper Mississippi Water Resource Re?ion
Average Annual Observed (USGS) Total Flow
By 8-cligit HUA

y=0.897x+ 5.6698
| R?=0.8912




Average monthly stream flow for lllinois river at Valley city,

Monthly mean stream flow

Predicted

USGS Messured seamiion,

)
=

Stream Flow
(cubic meters per second

Sediment and nutrient calibration/validation
+Assembled USGS-SPARROW annual nutrient loads

Sediment and nutrient data at USGS-Gages

Selected gauging stations for
validation / calibration of HUMUS

= Opticnal gouges
« Validation | Calibration
Major rivers

alogic Reglons
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Percent Reduction in Sediment
Loading by HUC

All Sources
Agland (APEX) Only (Ag, Non-Ag, Point Sources)
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Percent Reduction in Total Nitrogen
Loading by HUC

All Sources
Agland (APEX) Only (Ag, Non-Ag, Point Sources)

Percent Reduction in Total Phosphorus
Loading by HUC

All Sources

Agland (APEX) Only (Ag, Non-Ag, Point Sources)
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Preliminary Results N Results
Grafton, IL

® Sediment Reduction
820,000 tons/yr 4.2%

® Total Nitrogen
11,036 tons/yr 5.1%

® Total Phosphorus
2,351 tons/yr

Center for Agricultural and Rural
Development (CARD)

lowa State University

1 i oy, "
| Minnesota -7 -

14 4-digit watersheds &

131 8-digit watersheds Missourd < JI.-' '
(111 above Grafton) | “ ’
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Key Model Components

* SWAT model — configured with 8-digit
subwatersheds & HRUs

» 1997 USDA NRI database — 114,000 UMRB points
representing baseline land use, conservation

practices, etc.

 Other tillage, fertilizer, climate, & soil data

Conservation Practices

e Retire Land

e Terracing and Contouring
e Grassed Waterways

e Conservation Tillage

14
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Future Development

e Potholes — Surface Tile Inlets

e Tile Flow — Drainmod Equations and
Controlled Drainage

e Landscape Processes

e Pathogens — Bacteria Source Tracking

e Sediment and In-Stream Routing

e Databases
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