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Problem No. 5 – “What causes spatial heterogeneity and homogeneity in runoff, …. and material fluxes (…. nutrients, sediments)?” 

Problem No. 6 – “What are the hydrologic laws at the catchment scale and how do they change with scale?”

23 Unsolved Problems in Hydrology (Bloeschl et al., 2019) 

“There is still a long way to go in terms of predictions: much of the success so far has been in gauged and not in 
ungauged basins.” 

A decade of Predictions in Ungauged Basins (PUB)—a review (Hrachowitz et al., 2013)

Motivation

Large Sample Hydrology Data Machine Learning

A) Predictive Performance
- Hydrologic Signatures (FDCs)
- Daily streamflow
- Water Quality

B) Model interpretations for 
hydrologic inference.
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Entity-Aware LSTMs

Entity Aware LSTMs (EA-LSTM) https://neuralhydrology.readthedocs.io (Kratzert et al., 2019)

In
p

u
ts

Static (watershed attributes)

Dynamic (climate forcings)

- Spatial variability

- Temporal variability

Output -
Daily Streamflow

3Kratzert, F., Klotz, D., Shalev, G., Klambauer, G., Hochreiter, S., & Nearing, G. (2019). Towards learning universal, regional, and local hydrological behaviors via machine learning applied 
to large-sample datasets. Hydrology and Earth System Sciences, 23(12), 5089-5110.

Does not provide multi-physical hydrologic 
processes 

Cannot perform scenario analysis

Does not account for anthropogenic activities 
(dams, diversions, point sources)

https://neuralhydrology.readthedocs.io/
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CAMELS- Catchment Attributes and Meteorology for Large-sample Studies



Soil and Water Assessment Tool (SWAT)

𝑺𝑾𝒕 = 𝑺𝑾𝟎 + ෍
𝒊=𝟏

𝒕

𝑹𝒅𝒂𝒚 − 𝑸𝒔𝒖𝒓𝒇 − 𝑬𝒂 −𝑾𝒔𝒆𝒆𝒑 − 𝑸𝒈𝒘
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Elevation

Land Use

Soil

Land Scape

Multiphysical processes
Nutrient transport
Crop growth

Soil Water Balance



Study Area and Experimental Designs
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531 watersheds: CAMELS CAMELS : Catchment Attributes and Meteorology for Large-Sample Studies 

Training: 509 watersheds

Test: 22 watersheds



HAWQS
Hydrologic and Water 

Quality System

SWAT Modeling Made Simple 

hawqs.tamu.edu

hawqs.tamu.edu


Input Dataset Source Specifications

Weather
PRISM 1981 – 2020 (gridded)

NEXRAD 2005 – 2020 (gridded)

Soil

USDA National Resources Conservation Service (NRCS) Soil Survey 

Geographic (SSURGO) Database
2018

USDA NRCS State Soil Geographic (STATSGO) Database 2018

Land Use

National Land Cover Database (NLCD) 2016

USDA National Agricultural Statistics Service (NASS) Cropland Data Layer 

(CDL)
2014 – 2017

USDA NASS Fields 2006 – 2010

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

Aerial Deposition National Atmospheric Deposition Program (NADP) 1980 – 2020 (monthly)

Watershed 

Boundaries
EPA NHDPlus v2 2019

Stream Networks EPA NHDPlus v2 2019

Elevation USGS National Elevation Dataset (NED) 2018 (10-meter DEM)

Point Sources

EPA Hypoxia Task Force (HTF) 2019

EPA Integrated Compliance Information System National Pollutant Discharge 

Elimination System (ICIS-NPDES)
2019

Management Data USDA NRCS crop management zone data 2010

Ponds, Potholes, and 

Reservoirs

U.S. Army Corps of Engineers (USACE) National Inventory of Dams (NID) 2018

EPA NHDPlus v2 2019

Crop Data USDA NASS CDL 2014 – 2017

Wetlands FWS NWI 2018

Water Use USGS Water Use in the United States 2015

Federally Approved Input Datasets

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/?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://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
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SWAT Model setup - just a few clicks away!! 

hawqs.tamu.edu

HAWQS API

hawqs.tamu.edu
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Objectives

1) Evaluating HAWQS/SWAT as a FAIR source for LSTM inputs
(HAWQS-SWAT-LSTM)

2) Evaluating HAWQS-LSTM for PUB (HAWQS-PUB-LSTM)

3) Calibrating SWAT models using LSTM outputs (SWAT-LSTM)

Training: 509 watersheds Test: 22 watersheds
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Meteorological 
Forcings

SWAT Inputs SWAT Uncalibrated Outputs 
(Annual Average)

PRCP

TMP_MXdgC

TMP_MNdgC

SOLAR

SNOWFALLmm

SNOW_MELT

TOT_WATER_YIELD

LAT_SOIL_Q

TOT_AQ_RCHRG

AVG_ET

23 attributes for EA-LSTM models
Dynamic- 5;   Static - 18

Area

SNOW

AVG PET

%forest

CH_W

CH_D

CH_S

Dynamic Static

Response Variable: 
Streamflow

hydA

hydB

hydC

hydD

CN2

Aridity Index



HAWQS-LSTM Forecasting Performance- Training
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Median KGE= 0.75



HAWQS-PUB LSTM Performance
17 out of 22 watersheds: KGE > 0.3
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SWAT – LSTM

USGS ID
KGE

SWAT-OBS PUB-LSTM SWAT-LSTM
7142300 -13.16 -9.78 -32.25

7301410 -0.37 -6.11 -12.21

7315200 -1.23 0.6 -0.92

7315700 -0.59 0.62 -0.22

7180500 -0.06 0.83 -0.13

7299670 -0.31 0.79 0.04

7346045 0.34 0.72 0.34

7208500 0.73 -0.18 0.36

7167500 0.29 0.76 0.36

7060710 0.59 0.44 0.41

7335700 0.7 0.33 0.42

7340300 0.81 0.46 0.45

7197000 0.86 0.72 0.54

7196900 0.66 0.53 0.58

7195800 0.58 0.7 0.58

7083000 0.77 0.48 0.61

7057500 0.72 0.67 0.63

7184000 0.74 0.69 0.74

7066000 0.75 0.68 0.76

7145700 0.55 0.61 0.79

7263295 0.81 0.9 0.83

7261000 0.8 0.82 0.86



SWAT – LSTM for predicting Evapotranspiration
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Key Takeaways
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✓ HAWQS/SWAT: a single FAIR source of inputs for Large Sample DL models.

✓ HAWQS-LSTM model- A reliable streamflow prediction framework

HAWQS-LSTM: a median KGE of 0.75 [forecasting in 531 watersheds]

HAWQS-PUB-LSTM: a median KGE of 0.65 in 22 PUB watersheds

✓ SWAT-LSTM 

KGE > 0.3 in 16 of the 22 watersheds [streamflow calibration]

KGE 0.2 - 0.71 [evapotranspiration validation]



INTERNATIONAL HAWQS PLATFORMS

• South Africa (HAMSA) 

[hamsa.hawqs.tamu.edu]

• Pernambuco Brazil (SUPer) 

[super.hawqs.tamu.edu]

• Hydrologic Unit Model for InDia (HUMID) 

[bhuvan.nrcs.gov.in]

• Global HAWQS

[global.hawqs.tamu.edu]

hamsa.hawqs.tamu.edu
super.hawqs.tamu.edu
bhuvan.nrcs.gov.in
global.hawqs.tamu.edu


THANK YOU
Contact: arun.bawa@ag.tamu.edu

GitHub: https://github.com/GEM-TAMU

hawqs.tamu.edu

mailto:shubhamjain0915@tamu.edu
https://github.com/GEM-TAMU
https://github.com/GEM-TAMU
https://github.com/GEM-TAMU
hawqs.tamu.edu
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