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Droughts and Irrigation in Upper Red River Basin

U.S. Drought Monitor
August 9, 2011
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Droughts and Irrigation in Upper Red River Basin

(USGS)

75000

58000
33000



4/20

Droughts and Irrigation in Upper Red River Basin

Comparison 
of flow rates



Salinity and Water Resources Management

• A threat for water resources management
• Deteriorating water quality
• Interrupting crop production
• Health issues

• An opportunity as a non-traditional water resource
Using inland saline waters to augment water supply
• Adaptation strategy for droughts
• Reducing the reliance of freshwater recourses

5/20

(phionics.com)
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Threat or Opportunity, Must be Modeled!

•Potential challenges:
oDamaging crop roots and reducing the crop production rate
oAdverse agroecosystem impacts 
       (e.g., altering the fish population in downstream)

•Salinity dynamics modeling/analysis is required



Data Availability
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Uncertainty in Data
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Collected SC data in 
15-minutes interval 
from Elm Fork Red 
River, 05/26/2023
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Robust Modeling Framework



Robustness of Generated Data  

• Potential uncertainties in the 
synthetic dataset

Model imperfection, error in 
data, regionalization, etc. 

• Point predictions:
An average error measure.

• Prediction Intervals
Representing Uncertainty

• Ultimate Evaluation
Continuous sub-daily 
measurements
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Results – Modeling
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Results – Prediction Intervals



Results – Prediction Intervals
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Modeling Salinity Dynamics Using SWAT-Salt
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State of Knowledge on Salt Springs

(Johnson, 1981)
(Ortenburger and 

Bird, 1933)

(Nelson, 1988)
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SWAT Modeling Results

Shamrock
NSE=0.42
RMSE= 1.75 m3/ s

Carter
NSE=0.67
RMSE= 1.80 m3/ s

Carl
NSE=0.51
RMSE= 6.96 m3/ s

Headrick
NSE=0.83
RMSE= 13.37 m3/ s
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Preliminary Results

• SWAT-Salt & Synthetic PIs:
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• SC needs to be 
converted to ion 
Concentration

• Model outputs for Elm 
Fork:

• Hydrology:
• NSE = 0.51
• RMSE = 6.96 m3/s

• 80% Conf. level PIs:



oTransfer Learning improves robustness of stream salinity predictions 
in data scarce basins. 

oSpatial and temporal generalizability of PIs were verified by recent, 
sub-daily stream salinity, measurements.

oPIs help with detecting drifts from calibration.
oGenerated PIs enable salinity calibration/validation of SWAT-Salt.
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Conclusions



Future Improvements

oUtilize more input data (soil type, land cover, etc.)

oCross-basin Transfer Learning for stream salinity predictions.
o Then we can use Deep Learning tools.

oUsing regionalization for predicting ungauged streams.

oUsing calibrated SWAT flow values for ungauged basins. 
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oSWAT-Salt
oSWAT-MODFLOW-Salt
oSite suitability assessment for saline water irrigation
oContinues salinity data recording

• Validation
• Analysis

oIrrigation scenarios

Future of The CFSM Project
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Exo 3 
Multiparameter 
Sonde
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CWC as Penalty Function
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