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Introduction
The Soil and Water Assessment Tool (SWAT) is a hydrologic transport model with an

objective to “predict the effect of management decisions on water, sediment, nutrient, and
pesticide yields with reasonable accuracy on large, ungauged river basins.”

(http://swat.tamu.edu/) The USDA and Texas A&M University jointly developed SWAT, and

Texas A&M has developed a graphical and visual interface of SWAT, ArcSWAT, for use with
ArcGIS. ArcSWAT significantly improves the ease at which a user can create a SWAT model.

ArcSWAT is available for free from http://swat.tamu.edu/software/arcswat/.

My study site was a 36.43 km? catchment located Northwest of Havelock, NC. | chose

this area because of the organic rich soils, low slopes, and high incidence of land use change.
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Objectives
e To use publicly available data to create an ArcSWAT model

e To use an ArcSWAT model to determine effects of land use change on modeled nutrient

exports

Methods

Data Collection

| used publicly available data to create my ArcSWAT model:

e Land Use Data: 2001, 2006, 2011 NLCD Data
http://www.mrlc.gov/

e Elevation Data: 20 ft. lidar elevation Data for NC
http://geodata.lib.ncsu.edu/NCElev/

e Soil Data: Soil Map Units Vector Layer
ESRI ArcGIS Landscapel Server, landscapel.arcgis.com_443

e Weather Data: Temperature, Precipitation, Humidity, Solar Radiation, Wind
http://globalweather.tamu.edu/

Configuring and Running the Model

1. limported all of my data into ArcGIS and converted all of the files to the same spatial reference
and projection, NAD 1983 (2011) State Plane North Carolina FIPS 3200 (US Feet)

2. lcreated a new ArcSWAT project and saved it to my hard drive
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| put my source DEM on the map and used the automatic watershed delineator to
delineate the watersheds and perform various functions, such as flow direction, flow

accumulation, and stream delineation
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4.

| added my land use and soils data to the map. | then used ArcSWAT to delineate HRU’s
based on the major soil and land use type in each sub-watershed. The study catchment
lies in two counties, which are different soil survey districts. This is the reason for the

straight line (from NW to SE) through the soils map. (The soils separated by the line are

the same soil type, but were reported with slightly different keys.)
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5. Ithen used ArcSWAT to define the catchment’s Hydrologic Response Units (HRU’s)

based on the land use, soils, and slopes
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6. Next, | input the weather data (Temperature, Precipitation, Wind, Solar Radiation, and

Relative Humidity) | had gathered

Weather Generator Data

() Simulation
(@) Raingages

Locations Table:

Ready

Weather Data Definition

Relative Humidity Data | Selar Radiation Data | Wind Speed Data
Rairfall Data Temperature Data

Precip Timestep | Daily

Timestep

C:Users\adamg_000%Documents™Project™. Term Pr

Cancel

= = =]

minutes

OK

7. Finally, | wrote the input tables, set up SWAT, and ran the simulation
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My Model

| configured three different versions of my model. Each model was identical except for the Land Use
Data. The first model used NLCD 2001 Data, the second model used NLCD 2006 Data, and the third
model used NLCD 2011 Data. Each model predicted monthly values of various parameters for 21 years.
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After running the models, | analyzed the output files for average annual Nitrate (NOs) and Phosphorus
(P) leached as well as average annual sediment transport downstream, surface runoff, and
evapotranspiration.

Results

Table 1. Predicted Parameters from ArcSWAT

Year NO3 P Sediment Shrub/Scrub (% of Surface Runoff Q ET
(kg/ha) (kg/ha) (T/ha) Catchment) (mm) (mm)
2001 3.246 0.165 1.624 12.08 278.9 799.7
2006 4.103 0.15 3.816 24.81 35457 761.4
2011 4.164 0.154 3.653 33.7 341.68 765

*All values are average
annual values

Table 2. Land Use Change from 2001 to 2011 in the study catchment

Change, 2001-2011 Change, % of area
Open Water -0.01
Developed, Open Space 0.01
Developed, Low Intensity 0.02
Developed, Medium Intensity 0.01
Barren Land 0.06
Deciduous Forest -0.04
Evergreen Forest -17.05
Mixed Forest -1.24
Shrub/Scrub 21.63
Herbaceous -3.16
Cultivated Crops -0.05
Woody Wetlands -0.14
Emergent Herbaceous Wetlands -0.03
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ArcSWAT Model Results
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Figure 1. Predicted parameters from three ArcSWAT simulations of differing land use cover
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Figure 2. Predicted parameters from three ArcSWAT simulations of differing land use cover

Discussion

Three ArcSWAT models were setup and run to predict monthly parameters for 21 years

to increase the amount of iterations and decrease variability in predictions. 252 sets of
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predictions went in to calculating each parameters average annual value, which makes the
trends in Figure 1 and Figure 2 more meaningful.

Of the studied parameters, amount of Nitrate leached was found to be the most
correlated to the percent of catchment area Shrub/Scrub (R?=.875). Average annual Nitrate
leached, Phosphorus leached, sediment loading, and surface runoff all increased with increasing
percentage of catchment area Shrub/Scrub. Amount of Phosphate leached did not change
significantly as the percentage of catchment area Shrub/Scrub increased, and

Evapotranspiration decreased as Shrub/Scrub became more prevalent.

Conclusion

ArcSWAT is a powerful tool that makes SWAT much easier to setup and run correctly. A
calibrated ArcSWAT model can be extremely useful for predicting water quality and hydrologic
dynamics in gauged and ungauged catchments.

Changing the land use of a catchment greatly impacts many of the biotic and abiotic
processes affecting water quality and hydrologic dynamics, and my investigation demonstrates
this fact. Future work on this project that | hope to complete is to calibrate this model or a
similar model with data (stream discharge, nitrate levels, turbidity) that | collect from the site.

It is important to note that my model was not calibrated, so the results from this
investigation should not be used to actively predict parameters for this catchment. Actively
using this model would require careful calibration and measurements directly from my study
catchment. Rather, this investigation should be used to illustrate the viability of ArcSWAT and

other models to be used experimentally.
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