
SWAT+

Land Management 
Overview



Land Management
• Encompasses

– Land use/Land cover
– Field operations (planting, tillage, 

fertilization, harvest)
– Structural conservation practices

• Most complicated part of SWAT+
• Critical to accurate predictions
• Often most readily understood by 

stakeholders
• Todays presentation content

– SWAT file structure
– Management components
– Data sources
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SWAT / SWAT+ Differences

• Watershed processes are 
largely unchanged.

• File structure completely 
different
– Far Fewer Files 
– All Files are Free Format

• Easy to Edit
– More Relational Database 

Type Structure
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SWAT+ Data Storage
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• 2,309 Different I/O 
Variables

• 152 Text Files 
• Interfaces and Tools use 

Databases
• Use Common Database 

Schema



SWAT+ File/Database Structure
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SWAT File DATABASE TABLE FIELD NAME
Print 

Position Line
Sourcecode

name Description Units Data_Type

harv.ops HARV_OPS HARV_OP_NAME 1 * name Harvest operation name NA string
harv.ops HARV_OPS DESC * * * Description, not used in the model NA string

harv.ops HARV_OPS HARV_TYPE 2 * typ Harvest Type (grain;biomass;residue;tree;tuber) NA string

harv.ops HARV_OPS HARV_INDEX 3 * hi_ovr Harvest index target specified at harvest (kg/ha)/(kg/ha) fraction numeric

harv.ops HARV_OPS HARV_EFF 4 * eff Harvest efficiency fraction numeric

harv.ops HARV_OPS HARV_BIO_MIN 5 * bm_min Minimum biomass to allow harvest kg/ha numeric

graze.ops GRAZE_OPS GRZ_OP_NAME 1 * name Grazing operation name NA string
graze.ops GRAZE_OPS DESC * * * Description, not used in the model NA string
graze.ops GRAZE_OPS FERT_NAME 2 * fertnm Fertilizer name for manure deposited during grazing NA string
graze.ops GRAZE_OPS GRZ_DAYS 3 * days Duration of grazing operation days integer
graze.ops GRAZE_OPS BIO_EAT 4 * eat Dry weight of biomass removed by grazing daily kg/ha numeric
graze.ops GRAZE_OPS BIO_TRAMP 5 * tramp Dry weight of biomass removed by trampling daily kg/ha numeric
graze.ops GRAZE_OPS MAN_AMT 6 * manure Dry weight of manure deposited kg/ha numeric
graze.ops GRAZE_OPS GRZ_BIO_MIN 7 * bio_min Minimum plant biomass for grazing to occur kg/ha numeric

irr.ops IRR_OPS IRR_OP_NAME 1 * name Irrigation operation name NA string
irr.ops IRR_OPS DESC * * * Description, not used in the model NA string

irr.ops IRR_OPS IRR_AMT 2 * amt_mm Amount of water to be applied mm numeric

irr.ops IRR_OPS IRR_SALT 3 * salt Concentration of salt in irrigation water mg/l numeric

Available by Request



Anatomy of an SWAT+ HRU
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Operations Schedule
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Operations Schedule
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Operations Schedule

Fertilizer



Automatic Operations

• Auto fertilization     Auto Irrigate
• Decision tables - Far more options
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Auto Irrigation

Auto Nitrogen Fertilizer



Fully Automatic Management
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Auto Harvest

Auto Plant – Corn Soybean Rotation



US SWAT Data Sources

• Philosophy with National Assessments
• Release and Publish Data as Developed

– Management
– Soils
– Weather
– Conservation practices

• Future work
– Connectivity
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US SWAT Management Database

• 25,000 USDA Templates
– By CMZ
– Up to 10 yr rotations
– With Fertilizer

• Publication in JAWRA
• Data Online
• Used in Large Scale SWAT 

Assessments
– HAWQS - USEPA
– CEAP II – USDA
– Western Lake Erie -

USDA/Nature Conservancy http://ceap.brc.tamus.edu/Swat



Access Database Organization

MGT2

MGT1

MGT3

Conversion to SWAT to SWAT+ Format in Progress



Structural Conservation From Google 
Earth

Terraces 

 
Roughly parallel lines, running cross slope, 

sometimes accompanied by shadows. Terraces 
follow contour lines and are usually 

accompanied by contour planting. The distance 
between terraces is related to field slope. 
Terraces are permanent and are generally 

visible in multiple past images. 

Waterways 

 
• Strips of grass following field 

drainage. usually they have a strong 
color contrast as compared to the 
crop area. Waterways generally 

appear green, but may vary 
depending on season.  Waterways 
are generally visible in past images. 

Filter Strip/Field Borders 

 
A strip of grass that borders one or more sides 

of a field, a stream. The strip or border is 
generally uniform in thickness and much wider 

than a waterway. The filter stips are almost 
always a shade of green in one or more past 

images. 
 

Contour Planting 

 
The implement marks follow contour lines and 

share the same patterns as seen on 
topographical maps. Practice is most often 
associated with terraces, but may be found 

singularly. 
 

Center Pivot Irrigation 

Very 
clear and distinct lines that form a circular 

pattern. Most fields with a center pivot are fully 
circular, but half and quarter coverages are 

common. The center pivot itself is often visible. 
 

Strip Crops 

 
Crops grown in alternating strips,  which can be 

easily distinguished from aerial photography 
due to the contrast may not be present in past 

images, so the most recent image is used to 
make the final determination. 
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• 13,500 fields 
manually surveyed

• Identified visible 
conservation

• Multi-year imagery
• Field boundaries
• Details in JAWRA

Data Online:
https://nlet.brc.tamus.edu/Home/Conservation



US Seamless Soils Data
• SSURGO + DGSM
• Data + Processing Tools
• Developer - Mauro 

DiLuzio
• Published 

– Journal of Geographic 
Information System 
International 

– Journal of Geospatial 
and Environmental 
Research
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Data Online:
http://soilandwaterhub.azurewebsites.net/

http://soilandwaterhub.azurewebsites.net/


Station Based Climate Data
• Precipitation, Temperature, 

Wind
• 20,000 + Stations
• SWAT, ArcSWAT, and APEX 

formats
• Patched nearly seamless (1950-

2016)
• Details Published in Water

Weather Stations and 
HUC12s http://ceap.brc.tamus.edu/Swat



Thank You

mike.white@ars.usda.gov
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