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1. Why machine

learning (ML)
protocols?

2. Why us?

3. What protocols?
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*Image Credit: DWR; **Image Credit: Adapted from https://www.mdpi.com/2073-4441/14/21/3359
Note: The icons/images used in the following slides were sourced from publicly available webpages.
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Why do we need ML modeling protocols?

» Existing Protocols

Protocols for
Water and Environmental

Modeling
BAY-DELTA January 21, 2000
Modeling Forum o
Sz
Model
Credibility
170
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California Water & Environmental Modeling Forum

> Al Terms

Al: Artificial Intelligence
ML: Machine Learning
DL: Deep Learning

» Conventional Bay-Delta models vs. ML models
SCHISM* 3-D Model DSM2* 1-D Model ML

IXINCCY Physically-based  Simplified p >

Sl Rigidly structured Structured Flexible

Runtime gBhEVS

Interpretability “White box” "Grey box

Credible/ ML
Trustworthy < < Protocols
ML Models

*SCHISM: Semi-implicit Cross-scale Hydroscience Integrated System Model DSM2: Delta Simulation Model Ii
“* Active research area (e.g., physics-informed ML)




ML experience of the Modeling Support Office

DWRSIM-MDO* CalSim |I-G Model* CalSim [I-DSM2*

Timeline 1995

CalSim 3—-DSM2*

Post-2020

* DWRSIM, CalSim II, CalSim 3: 1st, 24 and current generation of DWR’s planning model of the SWP and CVP
* MDO: Minimum Delta Outflow G Model: Salinity Gradient Model

2020 - Present

DSM2: Delta Simulation Model Il
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Life-cycle of a typical ML model

1. Problem
Definition

4. Model
Deployment

3. Model
Development

2. Data
Preparation

Data
Preparation

Pre-
processing

‘ Model Selection

Model
Development

‘ Model Evaluation




Phase 1: Problem Definition os.evoermmon

Problem
Statement

ML
Modeling
Required

Modeling
Required
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Phase 2: Data Preparation

Focus

Numerical

Categorical

Water quantity;
water quality;
fish abundance
and distribution,

Included

Text

Image
Audio
Video

Standardized
Protocols

Quality Documentation
Control

Example: Assembly Bill 1755 (AB1755)
Open and Transparent Water Data Act

California Natural Resources
Agency Open Data

Our mission is to restore, protect and manage the state's natural, historical
and cultural resources for current and future generations.

https://data.cnra.ca.gov/

Cleaning
-Missing values
-Outlier

-Noise

-Select inputs

Transformation
-Normalization
-Standardization

Splitting
-Training

Feature Engineering [l -Validation

-Testing

-Create new inputs



https://data.cnra.ca.gov/

Phase 3: Model Development

v

Model Selection

Data Nature

Problem Type

Resources

» Start simple

» Start with
several $

models

|

—)
—

Model Training

Use ML Frameworks

Prevent overfitting

Overfitting No Overfitting

11
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Model Evaluation

Evaluation metrics

Visual inspection

Generalizability

OTraining Data @New Data

Orange Model < Black Model

Domain Knowledge
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Phase 4: Model Deployment

1

1.Product : : 2.Documentation
|
|
|
Users : OGithub (model/data) ! Transparency
|
I .
ACCGSSibiIity : | Store Fm—=—===—====-=-= | Host : Peer-reVIGW
: : : Docs Code & Data
Models
Lo .. |
I Panel I i
L t=—==—-—--b¥b_____, VicrosoitAzure ' &
Example: Salinity Ziﬁ?f.fifli".i?’"i“}; uts Outputs 3.Training 4.Maintain
Dashboard R e e
Workshop Monitor
Hands-on Improve
llnput Uw‘/ﬁ /\J"l . Output q;\w Recording
" f\| Msuallzatlon 1 \'\ Vlsuallzatlon L /
T A ML Model Selection




Take-Home Messages

ML-> powerful, fast, but not a replacement

1. Problem
Definition

ooe 'Q

Don’t let it rust

2. Data
Preparation

Don’t use a sledgehammer
to crack a nut

4. Model Overfitting is your enemy

Deployment
Generalizability is key
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Questions?

WATER RESOURCES Contact: Kevin He Kevin.He@water.ca.gov
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