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Droughts and Irrigation in Upper Red River Basin

U.S. Drought Monitor
August 9, 2011

Drought Impact Types:
r~ Delineates dominant impacts

A = Agricultural (crops, pastures,
grasslands)

D

H = Hydrological (water)

Intensity:

None

DO Abnormally Dry

D1 Moderate Drought
D2 Severe Drought

D3 Extreme Drought
D4 Exceptional Drought
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Droughts and Irrigation in Upper Red River Basin
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Droughts and Irrigation in Upper Red River Basin
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Salinity and Water Resources Management

* A threat for water resources management
* Deteriorating water quality
* Interrupting crop production

* Health issues |
. . Tl
* An opportunity as a non-traditional water resource

dUsing inland saline waters to augment water supply
» Adaptation strategy for droughts
* Reducing the reliance of freshwater recourses .
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Threat or Opportunity, Must be Modeled!

* Potential challenges:

o Damaging crop roots and reducing the crop production rate
o Adverse agroecosystem impacts
(e.g., altering the fish population in downstream)

* Salinity dynamics modeling/analysis is required
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Robust Modeling Framework

a) 70%—* Train.... Pretraining Sub-daily __
11 sites—> Source — FFNN Dataset
Dataset
Data from 12 30%— Validation \
monitoring sites: Verification of
e " Fine Tuning Point generated
ol ona—h of » FFNN Predictions synthetic stream
: ! water SC data
encoding; Specific l —
Conductance 70%=—" Train.,..
Lower
1 site— g:;g::!t Upper Prediction |
Bound Intervals
30%—  Test —— Estimation
b) c) Input Vector Target
Monitoring Topology one-hot encoding Flow
site input input
1 2 3 4 5
1 1 0 0 0 0 Qq SCy
2 0 1 0 0 0 Q2 SCz
3 0 0 1 0 0 Qs SCs
4 0 1 1 1 0 Qq SCa
@ Monitoring site no. n 5 1 1 1 1 1 05 505
- Stream tributaries Qn and SCn denote for flow and specific conductance values at site no. n
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Robustness of Generated Data

Potential uncertainties in the ‘/V Observation
synthetic dataset

Model imperfection, error in
data, regionalization, etc.

Pl
width

Point predictions:
An daverage error measure.

Prediction Intervals

Point
Representing Uncertainty Prediction
e Ultimate Evaluation Prediction
Continuous sub-daily Intervals

measurements
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Results — Modeling
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Results — Prediction Intervals
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Results — Prediction Intervals
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Modeling Salinity Dynamics Using SWAT-Salt

Watershed salt transport in SWAT
(Salt = SO,, Ca, Mg, Na, K, Cl, CO5, HCO,)
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State of Knowledge on Salt Springs

Only part of the project to be built in Oklahoma is on the Elm Fork of the Red
\ River, due west of Mangum, the largest single source of the river's pollution.
& Located just inside the Oklahoma-Texas line, ElIm Fork springs pour forth 510 tons
\ of salt per day. The Elm dam, pipelines, pumping equipment and evaporation
~1  ponds will cost $43.5 million.

(Nelson, 1988)

[
=] =
rs
:”E
i el X1
::; -.mv:,.‘ul v <
(Ortenburger and Sl e ol o
Bird, 1933) g ......
STATE-OKLAHOMA T E X A3 G
DEPARTMENT OF FIGURE 20. LOCATION OF SALT PLAINS IN WESTERN OKLAHOMA
BIOSYSTEMS AND -
AGRICULTURAL ENGINEERING




SWAT Modelmg Results
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Preliminary Results

 SWAT-Salt & Synthetic Pls:

Calcium Concentration and Flow Over Time
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Conclusions

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

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

oPlIs help with detecting drifts from calibration.

oGenerated Pls enable salinity calibration/validation of SWAT-Salt.
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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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Future of The CFSM Project

o SWAT-Salt
o SWAT-MODFLOW-Salt
oSite suitability assessment for saline water irrigation

oContinues salinity data recording
 Validation
* Analysis

olrrigation scenarios
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CWC as Penalty Function

n n
test 1 rest MPIW
PICP=—> ¢ MPIW = (Ui —Li). ~ NMPIW = ——.
Rtest Rtest .
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