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Reproducible research is the
foundation

on which scientific progress is
bullt.




Development history

SWAT+

SOIL & WATER ASSESSMENT TOOL

SWAT Evolution and Development

1937: Data collection begins at the
— Riesel watersheds in Temple, Texas,
USA "

1940s — 1950s: Unit hydrograph theory and curve
number methods develop (see: Mockus, 1949;
Sherman, 1942; Andrews, 1954, Ogrosky, 1956)

Product of over
45 years of
U.S. Department of SCSCN
USLE (USDA- GREAMS
Aricultu re and (Wischmeier & Smith)  SCS) (Knisel)

Texas A&M University
model development, with

TR-20
(USDA-SCS, 1982)

1990s: SWAT development takes place combining SWRRB and ROTO,
with several early versions released (SWAT94.2, SWAT96.2, SWATS8.1,
SWATE9.2 SWAT2000, SWAT2005).

TR-55
1993: Engel et al.
(USDA-SCS, e s Ofenick et al. publish first peer
19886) reviewed paper reviewed paper explicitly using
f mentioning SWAT. SWAT and ecosystem services.
GLEAMS ALMANA
(Leonard (Kiniry SWUELE
EPIC etal) SWAT2005 4
(Williams IntSrlfice ArcView QSWAT
etal SWAT SWAT2009 Developed
) SWRRB [)Se_vgloped Developed (Dile et al')
rinivasan
{& Amold) (DiLuzio et al ), SWAT2012

multiple additions from REEEEE Natire's ECosystem Envionmental oy f, o Ll
(Carson) & e Services" Functions” Capital’ ﬁl\Ecosystemt HAWQS v2
. . Ehrlich & Ssessmen v
the international user- e (Westman) | (e Gro)  (Costanza TEEB
Environmental Ehrlich) & Daly)
commun |t Svc\a‘rrl\n cesé.; Soil and Water Resources 200_2': Conservation EffedsAssessmenf
y (Wilson Gonservation Act (USA Brundtland UNECD Rio Project (CEAP) established (USA).
Matthews) (H5A Commission Conf
Clean Water Act (USA) L Report on oHerence Early 21_'3005: Payment for Ecosystem Services
L Sustainable comes into regular use
. ? Development
1971: RAMSAR Convention P L andmark works come out on ecosystem seivices:
- . v 1) Costanza, R., et al. (1997). "The value of the world's ecosystem services and natural
E;;’;gﬁ”g:f;ﬁgﬁ;m Conservation Reserve capital." Nature 367(6630): 253-260
Program (CRP) 2) Daily, G. C. (1997). Nature's services: societal dependence on natural ecosystems.
established (USA) Washington, DC, Island Press.

Ecosystem Services Mainstreaming

SWAT has a more than 80-year history of rigorous hydrological research and development on experimental watersheds behind it
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Large proportion of scientific eproducibility of S + Studies in Blue Nile

research is not reproducible Issues Chawanda et al., 2020
Management
> 70% failed to reproduce
other scientists’ work Calibration

Baker, 2016- Nature

Process Options

Setup Settings

Only 11% was reproduced
successfully by peers Data Sources

Begley and Ellis, 2012- Nature
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Number of Studies


https://www.sciencedirect.com/science/article/pii/S1364815220307258#bib6
https://www.nature.com/articles/533452a
https://www.nature.com/articles/483531a

From This

DEM, Land Use,
Meteorology

To This

DEM, Land Use,
Meteorology

Hydrologic Modeling
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282 NGO's and
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SWAT Modeling Made Simple

HAWQS

Hydrologic and Water Quality System hawgs.tamu.edu

TEXAS A&M USDA
GRILIFE S
RESEARCH Agricultural Research Service
National Land Cover Database (NLCD)
WaterSh?d EPA NHDPlus v2
USDA NASS Cropland Data Layer (CDL) 2014 — 2017 Boundaries [
USDA NASS Fields 2006 — 2010
SUCETT EPA NHDPlus 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

Federally Approved Input Datasets

Input Dataset
PRISM

Specifications

1981 — 2020 (gridded)

NEXRAD 2005 — 2020 (gridded)
USDA NRSC SSURGO Database 2018

USDA NRCS STATSGO Database 2018

National Land Cover Database (NLCD) 2016

USDA NASS Cropland Data Layer (CDL) 2014 — 2017

USDA NASS Fields 2006 — 2010

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

atershed

Aerial Deposition National Atmospheric Deposition Program (NADP) 1980 — 2020 (monthly)
EPA NHDPIus v2 2019
2019

tream Networks EPA NHDPIlus v2
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Elevation USGS National Elevation Dataset (NED)

2018 (10-meter DEM)

EPA Hypoxia Task Force (HTF)

2019

Point Sources EPA Integrated Compliance Information System National Pollutant Discharge Elimination

(T SDA NASS CDL

Wetlands TR

System (ICIS-NPDES) 2019
S n e 2USDA NRCS crop management zone data 2010
U.S. Army Corps of Engineers (USACE) National Inventory of Dams (NID) 2018
Reservoirs EPA NHDPIus v2 2019

2014 — 2017
2018
2015

I USGS Water Use in the United States



https://prism.oregonstate.edu/
https://www.ncei.noaa.gov/products/radar/next-generation-weather-radar
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/?cid=nrcs142p2_053627
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs142p2_053629
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://nadp.slh.wisc.edu/
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
https://echo.epa.gov/trends/loading-tool/hypoxia-task-force-nutrient-model
https://echo.epa.gov/tools/data-downloads/icis-npdes-download-summary
https://echo.epa.gov/tools/data-downloads/icis-npdes-download-summary
https://echo.epa.gov/tools/data-downloads/icis-npdes-download-summary
https://echo.epa.gov/tools/data-downloads/icis-npdes-download-summary
https://onlinelibrary.wiley.com/doi/10.1111/1752-1688.12384
https://nid.usace.army.mil/#/
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.nass.usda.gov/Research_and_Science/Cropland/Release/
https://www.fws.gov/program/national-wetlands-inventory
https://www.usgs.gov/mission-areas/water-resources/science/water-use-united-states

SWAT Model setup- just a few clicks away!!
HAWQ!

Recent Activity Projects

Group Projects

Hydrologic and Water Quality System (
A National Watershed and Water Quality Assessment Tool

E2 New Project

HAWQS Dataset

4

HUC8
HAWQS Version 2

HUC10
HUC12 ’
HUC14

HAWQS Version 2 Calibrated
HUC12 Flow Calibrated

User-submitted datasets
Test upload

c 3 [m]

Downstream subbasin

| 031502

03150201
03150202

03150203

03150204

Projects ~

HUC14-12030102030604 (1)

HUC14 - 12030102030604
HUC12- 120601010811

HUC14 - 02050306150302
HUC14 - 12070202030704

All projects

Create a new project

Upload a project

£ 00

User-submitted datasets
Brigida Watershed, Brazil
Pontal Watershed, Brazil
Vistula and Odra Watersheds, Poland
Buchanan - LCRA
Ghana-HAWQS
NEW CORB SWAT-MODFLOW
Mahanadi
Updated Ewaso Ngiiro Basin
UA_basins_Prypiat_Dnister_SiverDonets
Ukraine with transboundary parts (20/20/20 HRU)
Ukraine with transboundary parts (5/5/5 HRU)
Africa 10km

Thatanoogs

HAWQS Dataset

[ Huntsville
Florence ©

HUC8

Decatur

Downstream subbasin

03150204 n

» Advanced options

Tuscaloosa

The selected watershed
contains 14 subbasins and
54,152 HRUs. View routing

Columbus

table.
Show routing on map Albany
Dothan
Give your project a name
HUCS - 03150204 Mabile
Pensacola Tallahassee

WQS API



The best inventions are never finished. Great
inventors don’t just stand there, rub their
hands together, and say ‘My work is done

here’. They keep working furiously to create

something even better. It’s part love, part n...

ERIC SCHMIDT

Meaningful: The Story of Ideas That Fly



SWAT Hydrological Calibration- USGS gages

imwim CANADA
% . Total Calibration Gages
e | I 258 241 93.41
; [R02 R 482 87.16
[R03  ERE 696 86.14
[Ro4  EED 241 72.16
[R05 B 473 89.58
[Ro6  [ER 88 89.80
414 352 85.02
104 95 91.35
[R09 R 58 65.91
T R10 593 297 50.08
R11 392 247 63.01
= R12 330 167 50.61
R 91 24 26.37
Ol 83 78 42.62
Calibrated 38,295 Hucizs out of 79,837 mm = - x%
. 515 349 67.77
4,113 gages calibrated across CONUS EE 265 141 52.61
5844* 4113 70.37

Bawa et al., 2023, Environmental Modelling & Software

TEXAS A&M

GRILIFE
RESEARCH




Predictions in Ungauged Basins- Parameter Regionalization
Physical similarity-based clustering of HUC12 with spatial proximity at HUC2 scale

Unsupervised clustering: Random Forest + Hierarchical clustering

Predictors
1. Surface runoff/Precipitation
Lateral flow/Precipitation

o

2.
3. Groundwater/Precipitation
4

Evapotranspiration/Precipitation
Annual Average Temperature [1983-2020]

Average Curve Number

CN 35-50:

% area with low runoff potential

CN 70-85: % area with high runoff potential

6
7.
8. CN 50-70: % area with moderate runoff potential
9.
10. CN 85-99: % area with very high runoff potential

11. Slope
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Bawa et al., 2025, Environmental Modelling & Software

TEXAS A&M

GRILIFE
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SWAT Hydrological Calibration- openET

1.0

KGE

SWAT Default
Parameters

-0.519

1.0

After ET
Calibration
KGE

-0.519

0.0

0.0

IPBIAS|

IPBIAS|

1004

754

501

1004

754

501

1.004

0.751

B 0.504

0.251

0.001

1.004

0.751

B 0.504

0.251

0.001

R12: 3,871 HUC12s
KGE > 0.3
Before: 2,278 (58.9%)

After: 3,498 (90.4%)

TEXAS A&M
AGRILIFE

RESEARCH



@ Global Gridded SWAT 2012

Nile River Basin

Africa- available on Global HAWQS
https://global.hawqs.tamu.edu

Subbasin: 10 km X 10 km
Catchment: ~10,000 km?
HRUs: 6 HRUs in each subbasin

DEM: SRTM 90m
Landcover: GlobCover 2009
Soil: FAO HWSD
Weather: CHIRPS & CHIRTS

User-submitted datasets

Brigida Watershed, Brazil
Pontal Watershed, Brazil

Vistula and Odra Watersheds, Poland

Buchanan - LCRA

Ghana-HAWQS

NEW CORB SWAT-MODFLOW

Mahanadi

Updated Ewaso Ngiro Basin
UA_basins_Prypiat_Dnister_SiverDonets

ary parts (20/20/20 HRU)

ts (5/5/5 HRU)

ary par
Africa 10km  ——

Calibration- MODIS ET/monthly/subbasin
Validation: GRDC stream Discharge

TEXAS A&M

GRILIFE
RESEARCH

TheNature @
Conservancy >

Initial Data Preparation

Generate HRUs e

Set up catchment folders (@)

Edit inputs & propagate changes
Run SWAT executables on subs (&)

Collect SWAT outputs into subs and main sqlite

xxxxx




@ Global Ecosystem Modeling

Potential Areas for Reforestation Consideration

- Low Priority

B High Priority _ ‘ __
Map credits: TNC
TEXAS A&M BEZOS
GRILIFE TheNature @ EARTH
RESEARCH Conservancy &= FUND




€9 Global SWAT+ CoSWAT

Subbasin:-
Catchment: 88 major basins across globe
HRUs: 2 km [1 km in process]

DEM: ASTER
Landcover: ESA landuse
Soil: FAO

Weather: ISIMIP

Calibration- GLEAM ET (78.54% within
the range 100mm ET difference)
Validation: GRDC stream Discharge

16



@ HAWQS integration

SWAT

1 1
| . . . |

ModFlow HSPF WASP CE-QUAL W2 WASP EFDC

17



Watershed

XGBest
TSS

WQ observed data

1000

Dynamic :
(& [xeBest]
Flow Seasonality 201601 2°1S-i70bm:v-ol Pred::-w 2wisor|
Static @
FLs P - é; i ?
| SReA -
Topographical I Lacover I LOAD EST 07 .

r :
o o I\
S )

TSS (mg/l)

Percent of sites with test NSE > 0.3

Attributes

N
'Ipb N

Number of samples per site

. LOADEST . WRTDS . XGB 18



‘ HAWQS-SWAT-LSTM

Test: 22 watersheds

Training: 509 watersheds
Missouri L Nebraska T [
( ) (10U) - 07083000 Colorado = —— ——— — — R \
~ee 5 L Upper- "o < \
’.O Pacific , e® Mississippi ° Kansas ~ (o,
Northwest; @ 07) ™~ ..r-p |
$ e 07180500 |
° 07142300 K ssourt (
77777 New(Er;g);land ® 7167500 N
— - | 07145700 07184000 07066000 :
07208500 < — — — — @ _ 07057500
—_— e 1
I | 07195800; 07060710 §
07197000 =
o ® & i 07301410 o600
Akansas-White-Red g i e Oklahoma 07196900 ¢ Y& dat
e (11) New Mexico | ovaseamn 07335700 _@\07263295” i
0~ 315700 O&7340300, s
i Arkansas g 0 USGS Hydrologic Regions
Atlantic-Gulf _ 4
Colorado (03) _ | ﬁn (9 Arkansas-White-Red Region
(15) - g
(a) £ ° Study Watersheds
. (b) S
\ } Louisiana [ ~ | US State Boundaries

KGE PBIAS

Nebrask: T (
0.4g Colorado 'L . Nebraska L N % 0.32 Colorado - N
< \ <
Kansas ~ (U Kansas
B Missouri {
0.76\ | m s
- 0.69 Ol68
LAV A N
Loz —@ — > ¢
072_® P

|
-6.11

Oklah 3
lahoma
Ot
. h—% Pl
q 3
- v
Arkansas {:
_
- 2
¢
L
P
\ 2 Arkansas-White-Red Region (R-11) ;‘
I~ State Boundaries P — —
} Louisiana ( \ ! Louisiana (
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7 Thanks!
questions ?

Conta t'fmt'

E" E un.bawa@ag.tamu.edu

g % 00

hawgs.tamu.edu
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