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Abstract:
The Upper North Bosque River (UNBR) is impaired due P. The watershed’s primary 

agricultural activity is dairy production and large quantities of manure are produced. A best 
management practice being proposed is to use composted dairy manure in commercial turfgrass
operations to remove manure from the watershed. When turfgrass sod is harvested a thin layer 
of soil is also removed. Therefore excess P bound to the soil can be transported out of the 
watershed in a sustainable manner. The Soil and Water Assessment Tool (SWAT) was 
calibrated to simulate the effectiveness of using turfgrass sod fertilized with composted dairy 
manure to export P from the watershed. The model was first calibrated to predict average 
monthly flows and sediment loadings from 1996 to 1999. The Nash-Sutcliffe model fit efficiency 
was used for evaluating the model. The model fit efficiency ranged from 0.?? To 0.89 for the 
various simulated parameters.

Proposed Solution:
The UNBRs Watershed in North Central Texas is one of the most studied watersheds in the 

U.S. An assessment of the Total Maximum Daily Loads (TMDLs) for the UNBR led to a 
recommendation of a 50% reduction of soluble P Soil and P would be harvested and exported 
out of the 
impaired watershed in a sustainable manner. 
(TNRCC, 2001). A new Best Management Practice (BMP) proposed for P reduction in the UNBR 
watershed is the use of turfgrass sod to export manure nutrients. 

This new BMP would:
•The use of composted dairy manure as a fertilizer for commercially grown sod to bind a 
high percentage of the manure’s P in the soil sod layer. 

•Prior plot-scale experiments indicated 46 to 77% of 
applied manure P was removed in a single sod harvest.
(Vietor, et. al., 2002)

•Use suitable sites for turfgrass already determined from 
previous research (J. Hanzlik, et al,2003). 

The objective of this research is to use the SWAT model to simulate water quality 
improvements due to the implementation of the turfgrass BMP in the UNBR watershed.
Therefore, the goal of the SWAT simulations will be to assess the effectiveness of turfgrass
farms to help achieve the TMDL for the UNBR.

Model Calibration:
Flow:

Sediment:

Phosphorous
Organic:

Mineral:

Future and Ongoing Research: References & Resources:
•USGS: Digital Elevation Models, Land Cover/Use Datatset. http://seamless.usgs.gov
•NCDC. 2003. National Climatic Data Center. Available at: http://www.ncdc.noaa.gov/oa/ncdc.html. Accessed: Jan 2003.

•Dr. Anne McFarland, Texas Institute for Applied Environmental Research (TIAER).

•Waste application fields, watershed runoff data, watershed rainfall data.

•Vietor, D.M., Griffith, E.N., White, R. H., Provin, T.L., Muir, J. P., Read, J.C. 2002. Export of Manure P and N through Turfgrass Sod. Journal of 
Environmental Quality. 31:1731-1738. College Station, TX: Texas A&M University.

•Hanzlik, J.E. 2003. Location of Turfgrass Production Sites for Phosphorous Removal from an Impaired Watershed. Unpublished. M.S.  Texas 
A&M Department of Biological and Agricultural Engineering.

•Census. 2000. Erath County QuickFacts from the US Census Bureau. Available at: http://quickfacts.census.gov/qfd/states/48/48143.html. 
Accessed: July 2003.
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Swat Model Simulation of Turfgrass BMP:

•Use the SWAT model to determine production scale 
efficiency of turfgrass operation in P exports.

•Simulation in the Upper North Bosque River based 
on prior site selection (J. Hanzlik, et al., 2003).

Plot Scale BMP Testing:

•Ongoing plot scale research to 
quantify turfgrass BMP effectiveness:

•Variable application rates

•Variable slope

•Variable Soils

Field Scale Research:

•Comparative Fields grown 
with and without manure are 
monitored for:

•Runoff water quality

•Turfgrass quality

Watershed and Model Characteristics

H a Ac %
FR IO 2852 .97 7049 .84 3 .06
C H O 2.57 6 .35 0 .00
B U N YA N 2691 .64 6651 .18 2 .89
L IN D Y 71 .43 176 .50 0 .08
B O LA R 381 .10 941 .73 0 .41
A LTO G A 18.10 44 .73 0 .02
P ID C O K E 35.16 86 .89 0 .04
P U LE X A S 5.74 14 .18 0 .01
B R A C K E TT 1810 .59 4474 .07 1 .94
V E N U S 3.15 7 .78 0 .00
B A S TS IL 297 .12 734 .21 0 .32
G U LLIE D  LA N D 7.19 17 .78 0 .01
C H A N E Y 648 .91 1603 .48 0 .70
H O U S TO N  B LA C K 425 .23 1050 .77 0 .46
H E N S LE Y 108 .36 267 .76 0 .12
M A LO TE R R E 2351 .93 5811 .75 2 .53
H A S S E E 270 .05 667 .31 0 .29
B O SQ U E 963 .90 2381 .84 1 .03
S E LD E N 798 .94 1974 .22 0 .86
D U FF A U 3287 .76 8124 .23 3 .53
R E A L 1407 .00 3476 .77 1 .51
W IN D TH O R S T 4 4455 .35 10 9851 .39 47 .73
P E D E R N A LE S 955 .91 2362 .10 1 .03
N U FF 30 .95 76 .49 0 .03
W A TE R 93.68 231 .48 0 .10
P U R V E S 2 7119 .40 6 7013 .40 29 .12
D E N T O N 221 .03 546 .18 0 .24
LA M A R 171 .53 423 .85 0 .18
K R U M 97.90 241 .91 0 .11
N IM R O D 1265 .81 3127 .87 1 .36
LE W ISV ILLE 149 .35 369 .06 0 .16
TR IN ITY 14 .00 34 .60 0 .02
G O W E N 116 .52 287 .92 0 .13
B LA N K E T 7.27 17 .95 0 .01
To ta l 9 3138 .00 23 0148 .00 1 00 .00

S S U R G O  S oils  M od el In p u t
*afte r H R U  thresh old  f ilte r

Ha Ac %
Wate Application Fields 6776.1447 16744.1925 7.28
Urban 3073.4978 7594.7667 3.3
Forrest 11701.465 28914.905 12.56
Water/Wetlands 789.8527 1951.7655 0.85
Range 60640.0766 149844.6613 65.1
Agriculture Row Crops 6223.1583 15377.7352 6.68
Agriculture 3933.3597 9719.5285 4.22
Total 93138 230148 100

Land Use Distribution

Model Properties
Rain Gauges 10
Temperature Gauges 2
Point Discharge Inlets 1
Sub Basins 41
DEM Resolution 30 m
Land Use Grid Res. 30 m
Soils Grid Res. 10 m
Threshold: 0 Land Use

10% Soil Type
Number of HRUs 1532
Complete Data Set Period 1993-2002

Model Inputs
•Topography:

•National Elevation Dataset (NED)

•Soils:

•Soil Survey Geographic (SSURGO)

•Land Use:

•National Land Use/Land Cover Dataset

•Waste Application Fields:

•Permitted Fields (TIAER)

•Weather:

•Rain gauges: 

•National Climatic Data Center (5)

•TIAER (5)

•Temperature Gauges:

• National Climatic Data Center (2)

Watershed Area 931.376 km^2
Maximum Elevation 494 m
Minimun Elevation 299 m
Average Annual Rainfall 740 mm
Average Max. Temperature 36º Celcius (96ºF)
Average Min. Temperature 1º Celcius (34ºF)
Population (Erath County) 32,989 (2001 Census estimate)
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Land Use Distribution

Model Properties
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Point Discharge Inlets 1
Sub Basins 41
DEM Resolution 30 m
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Model Inputs
•Topography:

•National Elevation Dataset (NED)

•Soils:

•Soil Survey Geographic (SSURGO)

•Land Use:

•National Land Use/Land Cover Dataset

•Waste Application Fields:

•Permitted Fields (TIAER)

•Weather:

•Rain gauges: 

•National Climatic Data Center (5)

•TIAER (5)

•Temperature Gauges:

• National Climatic Data Center (2)

Watershed Area 931.376 km^2
Maximum Elevation 494 m
Minimun Elevation 299 m
Average Annual Rainfall 740 mm
Average Max. Temperature 36º Celcius (96ºF)
Average Min. Temperature 1º Celcius (34ºF)
Population (Erath County) 32,989 (2001 Census estimate)

Watershed Properties
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Mineral P Correlation

R2 = 0.8099

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Observed Min P loadings (kg/ha)

SW
AT

 S
im

ul
at

ed
 M

in
 P

 
lo

ad
in

gs
 (k

g/
ha

)

E(NS)= 0.69
R^2= 0.83

Mineral P

E (NS)= 0.78
R^2 0.79

Organic P Calibration

E (NS)= 0.89
R^2= 0.90

Sediment Load

E(NS)= 0.86
R^2 0.86

Flow Calibration

E(NS)= 0.84
R^2= 0.90

Total P


