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SWAT Modeling Made Simple

HAWQS
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Hydrologic and Water Quality System q
TEXAS A&M USDA

GRILIFE =

RESEARCH Agricultural Research Service
National Land Cover Database (NLCD) Watershed

EPA NHDPlus v2
USDA NASS Cropland Data Layer (CDL) 2014-2017 Boundaries
USDA NASS Fields 2006 -2010
S EPA NHDPIus v2 2019

U.S. Fish and Wildlife Service (FWI) National 2018 Networks
Wetlands Inventory (NWI)

Elevation USGS National Elevation Dataset (NED) 2018
USDA NRCS SSURGO Database
USDA NRCS STATSGO Database 2018



https://www.mrlc.gov/data
https://www.nass.usda.gov/Research_and_Science/Cropland/Release/
https://lcluc.umd.edu/metadata/conterminous-united-states-conus-field-extraction
https://www.fws.gov/program/national-wetlands-inventory
https://www.fws.gov/program/national-wetlands-inventory
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/?cid=nrcs142p2_053627
https://www.usgs.gov/national-hydrography/national-hydrography-dataset?qt-science_support_page_related_con=0#qt-science_support_page_related_con
https://www.usgs.gov/national-hydrography/national-hydrography-dataset?qt-science_support_page_related_con=0#qt-science_support_page_related_con
https://www.usgs.gov/national-hydrography/national-hydrography-dataset?qt-science_support_page_related_con=0#qt-science_support_page_related_con
https://www.usgs.gov/national-hydrography/national-hydrography-dataset?qt-science_support_page_related_con=0#qt-science_support_page_related_con
https://www.usgs.gov/national-hydrography/national-hydrography-dataset?qt-science_support_page_related_con=0#qt-science_support_page_related_con
https://www.usgs.gov/national-hydrography/national-hydrography-dataset?qt-science_support_page_related_con=0#qt-science_support_page_related_con
https://gdg.sc.egov.usda.gov/Catalog/ProductDescription/NED.html
hawqs.tamu.edu

SWAT Model setup- just a few clicks away!!
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SWAT Hydrological Calibration- USGS gages

Finerim CANADA
. Total Calibration Gages
HUC2
| RO1 AL 241 93.41
(Ro2  [EEE 482 87.16
EE sos 696 86.14
rRos4  [ERR 241 72.16
B s 473 89.58
(Ros  [EE 88 89.80
414 352 85.02
104 95 91.35
I ss 58 65.91
R10 593 297 50.08
% \ o R11 392 247 63.01
s R e ol R12 330 167 50.61
: 91 24 26.37
183 78 42.62
Calibrated 38,295 Hucizs out of 79,837 156 42 26.92
131 45 34.35
4,113 gages calibrated across CONUS i e e
Total 5844* 4113 70.37

Bawa et al., 2023, Environmental Modelling & Software
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Calibration
Successful

Calibration

PBIAS | Unsuccessful

Original

calibration sites | Calibrated (%)

CANADA

"UNPFTED
STATES

RO7

229 10 3 242 94.6
356 69 51 476 83
494 34 228 700 70.6
199 27 12 238 83.6
449 14 10 473 94.9
72 14 0 86 83.7
298 3 48 354 84.2
74 - - 124 59.7%

Bawa et al., 2025, Environmental Modelling & Software

TEXAS A&M
AGRILIFE

RESEARCH



openET- Multi-model satellite-
based evapotranspiration data
estimation platform.

OpenET-ensemble

Site land cover
A Annual crops

¢+ Evergreen forests
® Grasslands
* Mixed forests
%+ Orchards
MW Riparian
Shrublands
® Vegatable crops
#* Vineyards
» Wetlands
KG climate zones
Bsk + Bsh
Bwh + Bwk
Cfa
Csa +Csb
Dfa + Dfb

120°0°0"W  110°0°0"W 100°0°0"W  90°0°'0"W
1 Il ! 1

80°0'0" W 70°0'0" W

L

40°0°0"N

30°0°0"N

110°0° 0" W 100°0° 0" W 90°0'0" W 80°0'0"W N

0 375 750 1,500 km

= 40°0'0"N

- 30°0°0"N

Model Acronym

ALEXI/DisALEXI

v 0.0.32

eeMETRIC

v 0.20.26

geeSEBAL

v0.22

PT-JPL

v0.2.1

SIMS

v0.1.0

SSEBop

v0.2.6

Model Name

Atmosphere-Land Exchange Inverse /
Disaggregation of the Atmosphere-Land
Exchange Inverse

Google Earth Engine implementation of
the Mapping Evapotranspiration at high
Resolution with Internalized Calibration
model

Google Earth Engine implementation of
the Surface Energy Balance Algorithm for
Land

Priestley-Taylor Jet Propulsion Laboratory

Satellite Irrigation Management Support

Operational Simplified Surface Energy
Balance

Primary References

Anderson et al., 2007;

Anderson et al., 2018;

Allen et al., 2007;
Kilic et al., 2011;

Allen et al.,, 2011

Bastiaanssen et al., 1998;

Laipelt et al., 2021

Fisher et al., 2008

Melton et al.,, 2012;

Pereira et al., 2020

Senay et al., 2013;

Senay et al., 2018
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OpenET Ensemble ET Accuracy Summary

Croplands

Mean Absolut Root Mean S d Mean fl
Time Period Slope Mean Bias Error) can Apsolute SRR r-squared an fux
Error Error tower ET
Water Year: 11212 mm 121.87 mm
0.91 -73.91 -7.5% 0.84 991
16 sites with 72 total water years mm ( ) (11.3%) (12.3%) mm
Growing Season: 39 sites with 177 78.14 mm 93.79 mm
0.96 -11.9 -2.0% 0.87 605
growing seasons mm ) (12.9%) (15.5%) mm
Meonthly: 0.92 -5.27 mm 15.84 mm 2044 mm 0.90 91 mm
46 sites with 1,791 total months  {n = 53) (-5.8%) (17.3%) (22.4%) (n=253)
Daily: 0.81
56 sit +h 5 508 total Landsat 0.86 -0.35 mm 0.83 mm 1.09 mm : 3.5
sites with 5, otal Landsa .5 mm
=60 -10.0% 23.6% 31.1%
overpass days (n ) ( ) ( ) ( ) (n=60)

Model ET (mm per month) Model ET (mm per month) Model ET (mm per month)
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Model ensemble ET (mm per month)

OpenET Ensemble ET Accuracy Summary
land cover type
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Volk et al., 2024

Land cover type Statistic Ensemble Range
Croplands Slope 0.95 0.86-1.04
45 sites MBE {mm) | -3.64(-3.9%) | -13.77-5.16 (-14.7 - 5.5%)
N = 1682 months MAE (mmj | 15.55 (16.6%) | 17.96 - 22.92 (19.2 - 24.5%)
Mean station ET = 93.68 (mm) | RMSE (rm) | 19.97 (21.3%) | 23.43-28.72 (25.0- 30.7%)
R-squared 0.95 0.89-093
Bvergreen Forests Slope 1.19 1.06-1.32
14 sites MBE {mm) | 14.16 (23.2%) | 7.07-21.11(11.6- 34.6%)
N =783 months MAE (mm) | 23.79 (39.0%) | 24.67 - 31.43 (40.4 - 51.5%)
Mean station ET = 61.02 (mm) | RMSE (mm)| 28.62 (46.9%) | 30.0- 37.91 (49.2 - 62.1%)
R-squared 0.79 0.71-078
Grasslands Slope 1.03 0.73-128
20 sites MBE {mm) | -1.23 (-2.9%) | -11.88-9.73 (-27.9 - 22.9%)
N =672 months MAE (mm) | 19.19 (45.1%) | 20.17 - 26.1 (47 4 - 66.0%)
Mean station ET = 42.56 (mm) | RMSE (rm) | 24.12 (56.7%) | 24.62 - 35.96 (57.8 - 84.5%)
R-squared 0.75 054-08
Mixed Forests Slope 1.16 099-129
10 sites MBE {mm) | 19.14 (31.4%) | 8.34-27.06 (13.7 - 44.3%)
N = 255 months MAE (mm) | 21.54 (35.3%) | 19.51-30.3 (32.0 - 49.7%)
Mean station ET = 61.02 (mm) | RMSE (rmm)| 26.8 (43.9%) | 24.44 - 36.35 (40.1 - 59.6%)
R-squared 0.88 03-088
Shrublands Slope 0.95 065-1.34
24 sites MBE {mm) | 2.89 (9.3%) -5.2-12.87 (-16.7 - 41.4%)
N =681 months MAE (mm) | 15.68 (50.5%) | 17.45-22.64 (56.2 - 72.9%)
Mean station ET = 31.07 (mm) | RMSE (rm)| 19.96 (64.2%) | 20.9-29.18 (67.3 - 93.9%)
R-squared 0.66 03-0869
Wetlands Slope 1.14 10-125
7 sites MBE (mm) | 14.36 (16.4%) 6.71-255(7.7-29.1%)
N = 269 months MAE (mmj | 28.94 (33.0%) | 29.93- 36.19 (34.2 - 41.3%)
Mean station ET = 87.57 (mm) | RMSE (mm)| 35.24 (40.2%) | 36.33-44.0 (41.5-50.2%)
R-squared 0.82 0.72-0.381

OpenET web documentation- current




KGE- OpenET Ensemble ET vs SWAT ET
HUC12/monthly




KGE- OpenET Ensemble ET vs SWAT ET
HUC12/monthly

Rangeland Shrubland Ferest Cropland Barren

Rangeland Shrubland Forest Cropland Barren
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Rangeland and shrubland dominating HUC12s
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SWAT Hydrological Calibration- OpenET
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Take Home Messages

- Even the state-of-the-art ET models have high errors- Natural
Landcovers

- Prefer KGE when calibrating agriculture dominated watersheds

- Prefer R? when calibrating for natural landcovers
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Thank you!

Arun Bawa

(arun.bawa@ag.tamu.edu) TEXAS A&GM

Texas A&M Agrilife Research GRI LIFE

Blackland Research Ext. Center RESEARCH
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