
C A L I F O R N I A  D E P A R T M E N T  O F  W A T E R  R E S O U R C E S

Real-Time Multi-Ion Prediction in the 
Delta via Machine Learning
32nd CWEMF Annual Meeting, April 22, 2026

Peyman Namadi, Ph.D.
DWR Modeling Support Office 

Image result for sacramento levees

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiZ6ZnWjqXWAhUQ02MKHb4eBQsQjRwIBw&url=https://www.army.mil/article/41389/corps-approves-sacramento-area-levee-vegetation-variance/&psig=AFQjCNHGmgUV3D4T9MeQaw_VVDTlrOqX1Q&ust=1505493541859660


The Delta & Ion Monitoring

A Complex System Why Ion Monitoring Matters

Agriculture
Drinking 

Water
Ecosystem

7 ions tracked: 
Cl, SO₄, Ca, Mg, Na, Alkalinity, Br

Predict → Protect water quality in Delta

The Monitoring Gap

Grab Sample
Collected

→
Lab Analysis 

(Days) → Results
Available

  Problems: 
        A- By the time lab results arrive, water quality conditions may have changed.
        B- Grab sampling spatially and temporally limited.
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The Evolution: From Regression to Real-Time ML
Classical

Regression (PR)
Prior Work

• EC* → Ion equations

• a·EC² + b·EC + c

• Separate per ion

Limited

Phase 1 & 2
ML Models

Published

• X2, WYT, Month, EC

• ML* >> Regression

• Azure dashboards

Improved

EC*: Electrical Conductivity, ML*: Machine Learning

Namadi et al. (2023)

Namadi et al. (2023)

Namadi et al. (2025)
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Phase 1 & 2: 
Operational 
Dashboards

Interactive 
dashboard for 

interior 
Delta

https://dwrdashion.azurewebsites.net/Dashboard
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Phase 1 & 2: Operational Dashboards
Interactive 

dashboard for 
water intake 

locations

https://dwrdashionintake.azurewebsites.net/Intake_dashboard 5/14

Interactive 
dashboard for 

Model 
Interpretability

https://dwrdashionsensitivity.azurewebsites.net/Sensitivity_IonStudy

Hybrid DSM2-ML 
Water Quality 

Dashboard



The Remaining Gap After Phase 2

✓ What Phase 2 Achieved

ML outperformed regression 
equations

Unified framework for 7 ions

Azure dashboards deployed

Peer-reviewed publications

✗ What Was Still Missing

Lumped predictors (X2, WYT, 
Month)

EC of grab sample required
→ Still need lab sample to predict

Nowcast only
→ No forecasting capability

Manual operation of dashboard
→ No live data / automation

Phase 3 Goal: Replace lumped predictors with hydrodynamic variables + 
enable forecasting + automated warning system
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Phase3: Study Area: South Delta

Study Period

June 2018 – Aug 2023

Grab Samples
413 samples, 15 
stations

Target Ions (7)

Cl, SO₄, Ca, Mg, Na, 
Alk, Br

Predictors (Phase 3)

• Station EC (15-day lag)

• SJR EC & Flow 

• Export Pumping 

• Barrier Status 
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Phase 3:Predictors

What Changed?

BEFORE (Phase 2 Predictors)

Sacramento X2 Water Year Type

Month EC of Grab Sample
→

AFTER (Phase 3 Predictors)

Station EC (15-day) SJR* EC + Flow

HRO/TRP Pumping Barrier Status

Feature 
Engineering: 

Feature Group Source Raw After PCA*
Station EC (lags 0–14d) Station continuous 15 2 PCs

SJR* EC (lags 0–14d) SJR boundary 15 2 PCs

SJR Flow (lags 0–14d) SJR boundary 15 2 PCs

Grab sample EC Lab measurement 1 1 (scaled)

HRO Export Pumping Banks SWP 1 1 (scaled)

TRP Export Pumping Tracy CVP 1 1 (scaled)

Barrier Status DWR operations 1 1 (binary)

TOTAL 49 10PCA*: Principal Component Analysis
SJR*: San Joaquin River
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Phase 3: Structure

Model Structure:

Performance 
Comparison

Nowcast R² = 0.95    |    7-Day Forecast R² = 0.83    |    Outperforms ANN 
(0.93) and PR (0.62)

PR*: Parametric 
Regression Method

Hourly

EC, flow, exports 

Lookup

PCA

Compression

7 Ions
SimultaneousMulti-RF

Model
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Phase 3: Adding Forecasting Capability

✓ Real-time EC from stations alone achieves R² = 0.91 (no grab-sampling needed)
✓ Accuracy declines gradually with forecast horizon — consistent with meteorological forecasting behavior
✓ 7-day forecast still operationally useful (R² = 0.83)

Key Findings:
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Automated Daily Pipeline

CDEC / USGS

Live Sensor Data

→
60-Day Lookup

Hourly Aggregation

→
Multi-RF Model

Day=0 to Day=7

→
HTML Dashboard

Self-Contained

→
Email Delivery

Auto-Send

Runs automatically at scheduled 

times
No manual intervention required Self-contained HTML (no server)

Task Scheduler executes daily → Forecasts delivered to your inbox every day
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Early Warning System

How It Works

1 Forecast values compared against
operational thresholds

2 If ANY station × ion × horizon 
exceeds safe limits → Alert

3 Warning email sent immediately
to designated recipients

4 Dashboard attached with complete 
diagnostic details

 ALERT: Ion Threshold 
Exceeded

To: operations@dwr.ca.gov

Subject: Delta Ion Forecast Warning

Station: GLE

Ion: Chloride (Cl⁻)

Forecast: 258 mg/L @ h=3

Threshold: 250 mg/L

 dashboard_20260413.html
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Operational System: Live Forecasting
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dashboard_20260408_1113.html



Conclusions
Key Achievements

Hydrodynamic predictors outperform lumped indicators

Multi-RF predicts 7 ions simultaneously

Nowcast R² = 0.95  •  7-day R² = 0.83

First live multi-ion forecast for South Delta with warning system

Questions?
Peyman Namadi

Peyman.HosseinzadehNamadi@water.ca.gov
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