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Model Philosophy

e“Everything should be made as
simple as possible. | have no interest
in the laws of physics if they can’t be
made simple”

Albert Einstein
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Environmental Models

Maintained at Temple, TX

e EPIC—Field Scale

e ALMANAC—Field Scale
* APEX—Farm Scale

e SWAT—Watershed Scale

R SWAT
Model Philosophy

e Readily available input —

Physically based
e Comprehensive - Process Interactions
* Simulate Management
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Global Applications

Hydrologic Unit Modeling for Global Eosystem/Environment
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2001 Giessen, Germany
2003 talynumus
5

2008 Beijing, China

2008 Chiang Mai, ‘I"haiiﬂ:l,h
2009 Boulder, CO, USA

2010 Ha Chi Minh, \a'tetna] .
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General Description

® Continuous Time

Daily Time Step

One Day —— Hundreds of Years
e Distributed Parameter

Unlimited Number of Subwatersheds
e Comprehensive — Process Interactions
e Simulate Management
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SWAT Watershed System

Channel/Flood Plain
Processes

Subbasins and Streams
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Example Configuration

e Cells/Subwatersheds

® Hydrologic Response Units

e Qutput from other Models

* Point Sources - Treatment Plants

Subbasins and Streams

Subbasins and Streams

ange-Sandy
asture — Silt

Il 16% Forest — Sandy
[ 4% - Agriculture - Silt
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Subbasins and Streams
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" Climate

* Weather
— Precipitation
— Air Temperature and Solar Radiation
— Wind Speed
— Relative Humidity

+ Snow
— Snow
— Snow Melt
— Eleva
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* Soil Temperature

Hydrologic Balance
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Upland Processes

e Weather

e Hydrology

¢ Sedimentation

¢ Plant Growth

® Nutrient Cycling

¢ Pesticide Dynamics
e Management

® Bacteria

SWAT
. Hydrology

Canopy Storage
Infiltration
Redistribution
Evapotranspiration
Lateral Subsurface Flow

f volume
— Peak runoft
Ponds
Tributary Channels

— Transmission Losses
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Tile Flow
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Plant Growth RPSWAT Plant Growth

T ‘ Yield Prediction Optimum
NV A Harvest Index — Water Stress Radiation Interception LAI
Residue - Coverand Radiation Use Efficiency
Nutrients
Constraints
Water, Temperature, Nitrogen,
Phosphorus

Residue - Cover and Nutrients

Water, Nitrogen

and
Phosphorus Uptake

a
Month

Climate Change R SWAT . Nitrogen Cycle
Atmospheric N fixation fo e

Radiation Use Effici (lightning arc discharge)

Adjusted for C Symbiotio il
S S fertilizer| fixation ) fertilizer
ET — Penman-Monteit manures, wastes|

Canopy Resistance \'*“
Adjusted for CO,

Impact on Leaf

Conductance

Nitrogen Cycle

Harvest

anaerobic
conditions

leaching
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Atmospheric N fixation
{lightning arc discha

Nitrogen Cycle

Harvest

Symbiotic NH,
fertilizer mnoff
manures, wastes|

WW

Nz fertilizer] fixation
N0

conditions

Pesticide Dynamics
Follar Application

Degradation ... Surface Application

g swaT
Management

e Irrigation
» Subsurface (Tile) Drainage
o Water Impoundment (e.g. Rice)

R/ SWAT Phosphorus Cycle

fertilizer " Harvest

manures, wa: = Mmanures, wastes

and sludge

~ Adsorbed and fixed
Inorganic
I, Ca, and clay .

§ swaT
Management

¢ Crop Rotations

 Removal of Biomass as Harvest/
Conversion of Biomass to Residue

« Tillage / Biomixing of Soil

o Fertilizer Applications

e Grazing

» Pesticide Applications

j swat
Management

» Urban Areas
Pervious/impervious Areas
Street Sweeping
Lawn Chemicals

* Edge of Field Buffers




Channel Processes

Musicspal or Incustria
Sawaga Discharge
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Channel Processes

e Nutrients
modified QUAL2E/WASP

¢ Pesticide
Toxic balance developed at
University of Colorado
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In-stream Pesticide Processes

Volatilization
Well-mixed Water Layer

Pesticide

Transportin
; in Water

Degradation

Settling Resuspension

Well-mixed
Sediment Layer

Pesticide in
Sediment

Degradation Burial

Transportin_ NH,
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Channel Processes

¢ Flood Routing
Variable Storage
Muskingum
* Transmission Losses, Evaporation

* Sediment Routing
Degradation and deposition
computed simultaneously

R/ SWAT In-stream Nutrient Processes

Atmospheric Aeration
Well-mixed Water Layer

OrgN Dissolved OrgP

Oxygen

NO Dissolved P
2 Carbonaceous Chlorophyll a

NO, BOD Algae

Transport out

Sediment Layer

| swar

Impoundments

¢ Water Balance
Inflow
Evaporation
Seepage
Withdrawals
Outflow
Spillway Control
Target Volume Approach
Missouri River Reservoir Operation
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_____Impoundments User Options

PET:
¢ Nutrient Balance Penman-Monteith, Priestly-Taylor, or
Well-mixed System Hargreaves
Nitrogen & Phosphorus Loss Rates Runoff:
2 Settling Periods per Year Curve Number or Green & Ampt
e Pesticide Balance Channel Flow:
Well-mixed System Variable Storage Coefficient or Muskingham-
Toxic balance developed at s

. " Channel Water Quality:
University of Colorado QUAL2E On-Off Switch

JSWAT
More User Options d SWAT Strengths

ARC GIS 10.x Upland Processes

Map Windows (Public Domain GIS) « Comprehensive Hydrologic Balance
SWAT-CUP (Calibration and Uncertainty Program) » Physically-Based Inputs

VIZSWAT (Output Vizualization) » Plant Growth — Rotations, Crop Yields
Manuals in English, Spanish, Chinese, Korean * Nutrient Cycling in Soil

T 2003, 2005, 2009, 2012, (201 ¢ Land Management - BMP
el L Tillage, Irrigation, Fertilizer, Pesticides,
Grazing, Rotations, Subsurface Drainage,

Urban-Lawn Chemicals, Street Sweeping

.‘:ﬂ SWAT f swar

SWAT Strengths Collaborators

Channel Processes USDA

Agricultural Research Texas A&M

¢ Flexible Watershed Configuration Sorvice University

» Water Transfer—Irrigation Diversions
« Sediment Deposition/Scour USDA EPA

o Nutrient/Pesticide Transport Natural Resources Office of Science
* Pond, Wetland and Reservoir Impacts Consarvation Servios sl Textmolopy
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R/ SWAT The End
http://swatmodel.tamu.edu



