Online tools for the San Joaquin River Restoration Program:
An example of design thinking & co-creation for online tools on SacPAS

Chadwick Moore', Melanie Chen?, Jennifer L. Gosselin2, Susannah lltis?2

L -’ SAN JOAQUIN RIVER @ 2

SacPAS COLUMBIA BASIN A
- = = UNIVERSITY of
RESTORATION PROGRAM — =— =S
_ _senror — B e BT o RESEARCH  y/cHINGTON
RECLAMATION



San Joaquin River Restoration Program

Releases from Friant Dam
to rewet river to

confluence with Merced
River

Merced National
Wildlife Refuge

San Luis Natiorial
Wildlife Refuge

o

N\

Delra.py, =

\ = ot o
%
=
%z Firebaugh—=" .

~ Historic River Channel\ ™ %, \‘ /
Restoration Flows - San Aéndota Pool Bypass & Reach \
Joaquin River Channel 28 Improvements Project

- Restoration Flows - Bypass
Channel

%
Mendota: N
L
[ = m—— VIS A 2, “ m

0 5 10 15 20

Millerton

. lake o\
.



Presenter Notes
Presentation Notes
Chad to cover SJRRP Program. Governed by a 2006 Settlement between environmental coalition and CVP Friant Division water users, Reclamation, USFWS, and the State; and a 2009 Act of Congress. Calls for several actions: First, releases of water to fully reconnect San Joaquin RIver
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Presenter Notes
Presentation Notes
Fisheries actions, including two major construction projects at Mendota Pool and Sack Dam to allow fish passage and a salmon conservation facility near Friant Dam to produce juvenile salmon for release.
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Presenter Notes
Presentation Notes
Reduce water supply impact to CVP water users reliant upon Friant Dam supply — recapture and recirculation, recharge projects, lower cost water in wet years
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Presenter Notes
Presentation Notes
As the largest in-stream dedication in California and requirements to not impact other water users, rigorous tracking is necessary, and a need to communicate how these flows in the SJR are different.


San Joaquin River Restoration Program
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Presenter Notes
Presentation Notes
Restoration Flows must be shepherded downstream… Key concept…Accounting equals protection


B
Ideal Solution for SJ RRP

e Promote situationalawareness of river flows
e Not just river flows, but separate out Restoration Flows for

protection and downstream recapture

e Integrate data from CDEC as wellas STRRP local water
accounting spreadsheets

e Program transparency —how is water allocation being
deployed, how are in-stream flows protected, and recapture

e Integration into existing platform —dependable, tra ffic,
flexible

_grd
CENTRAL VALLEY PREDICTION AND ASSESSMENT OF SALMON


Presenter Notes
Presentation Notes
California water can’t be properly managed if crucial information is in Excel spreadsheets in local hard drives. This was our wish list coming into this partnership with SacPAS.


Two Examples from SacPAS

Demonstration of:
e (Collaborative Process
e Design Thinking
e Data Visualizations

2) Flow Rates “Subway” Diagram
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1) Restoration Allocation
Inventory
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Total Total
Available Expended
281,739 AF 283,168 AF



®
Restoration Allocation Inventory

e Allocation of restoration water volume tied to runoff forecast

e Forecasts change, therefore Restoration Allocation changes
with each issuance January — June

e Reclease schedule must remain within a changing water
budget and adapt to deviations from planned flow passing
control point at Gravelly Ford

e As Restoration Allocation goes up and down, CVP water
allocations respond accordingly

e Scttlement sets limits upon how much flow volume can be
shifted from idealized release schedule


Presenter Notes
Presentation Notes
This is an important piece of the puzzle for Settling Parties


Restoration Allocation Inventory

Water Volume Inventory

ND-MAF_....

250,000 AF - -

200,000 AF - -

150,000 AF -

100,000 AF - - -

50,000 AF - -

0 AF

Total Total
Available Expended
281,739 AF 283,307 AF
www.cbr.washington.edufsacramento/

SJRRP Restoration Year 2026 Flow Volumes

Restoration Allocation Inventory

Water Year Type: Normal-Dry

Available

Restoration Allocation: 281,739 AF
Allocation Date: 2026-05-15

Acquired water added to Allocation: 0 AF

Buffer Flows added to Allocation: 0 AF

Expended

Unreleased Restoration Flows removed from Allocation: 75,558 AF
As of: 2026-10-27

Restoration Flows released from Friant Dam passing Gravelly Ford: 143,623 AF
As of: 2026-10-27

Restoration Flows planned to be released from Friant Dam passing Gravelly Ford: 64,126 AF
On or before: 2027-02-28

Expected Net Balance end of February: -1,568 AF

Restoration Year is from March 1 through end of February the following year. 10
Data extracted from SJRRP Operations spreadsheet provided by USBR.
Spreadsheet Date: 2026-10-27. 27 Oct 2026 11:28:19 PDT


Presenter Notes
Presentation Notes
Clean and simple design (like a household budget), common color usage between graphics. Allocation is dynamic, as is “net balance” which should be reduced as practical by end of allocation period. Explain “URFs” and over-utilization in red


Restoration Allocation Inventory

Monthly Volume
Distribution

Note deviation
from black
outline bars
(Settlement
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release
pattern)
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SJRRP Restoration Year 2026 Flow Volumes
Restoration Allocation Distribution
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Restoration Year is from March 1 through end of February the following year.
Data extracted from SJRRP Operations spreadsheet provided by USBR. 11

www.cbr.washington.edu/sacramento/f Spreadsheet Date: 2026-10-27. 27 Oct 2026 11:28:19 PDT


Presenter Notes
Presentation Notes
Colors - dark green actual expenditures of water, light green pattern planned expenditures, yellow sales or exchanges of Unreleased Restoration Flows


Restoration Allocation Inventory

Monthly Volume Accumulation

Note deviation
from black
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SJRRP Restoration Year 2026 Flow Volumes
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Gravelly Ford, Accumulated Volume
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Restoration Year is from March 1 through end of February the following year.
Data extracted from S)RRP Operations spreadsheet provided by USBR.
Spreadsheet Date: 2026-10-27.
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Presenter Notes
Presentation Notes
Note how expenditure of water “caught up” in June. Data is available in tabular format as well for all these charts.


Restoration Allocation Inventory

Simple display, but dynamic data handling:
Allocation volume available 1s updated monthly
0 Expenditure of Allocation:
I Initially based on CDEC of Gravelly Ford gauge flows
0] Updated with QA/ QC flow data via spreadsheect integration
Updated with sales and exchanges of URF water
Planned flow schedule (Allocation expenditure) is updated at
regular and irregular intervals via spreadsheet

-> [solated spreadsheet tabs that are parsed by SacPAS

=> Logic is incorporated at SacPAS end to handle these

asynchronous updates to provide a real-time inventory
13


Presenter Notes
Presentation Notes
Dynamic data handling to accommodate asynchronous changes to the allocation, flow schedule, and URF management


®
Flow Rates “Subway” Diagram

Things a river operator asks every day of the year:

1 Are flows meeting the target schedule?

1 Are gauges working and accurate?

1 Are river losses unusual?

1 Are there tributary flows into the San Joaquin River?

1 Are there flood flows?
1 What flows are available for recapture?

An experienced operator knows the arrangement of flow gauges by heart, what
are typical losses and diversions, how pulses attenuate downstream, and which
gauges are unreliable. Can we produce a visualrepresentation of flow data which

captures what’s inside the head of an operator, is easily understood by the public,
provides high density of information, and promotes a situationalawareness in the
viewer? 14



Presenter Notes
Presentation Notes
Can we produce a visual representation of flow data which captures what’s inside the head of an operator, is easily understood by the public, provides high density of information, and promotes a situational awareness in the viewer? Melanie Chen will next narrate the process we went through to develop the Subway Diagram.
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Presenter Notes
Presentation Notes
Throughout the subway diagram project, we applied design thinking.�
The framework of design thinking used in this presentation has three main phases. The first is “Understand & Empathize.”

In this phase, we defined goals and objectives of the project. In other projects adopting this design thinking framework, collaborators may spend time defining and discussing each others’ values, culture, and worldviews.
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16


Presenter Notes
Presentation Notes
The next phase is “Explore & Ideate.” 
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17


Presenter Notes
Presentation Notes
In this phase, we discussed ideas and concepts and developed conceptual prototypes.
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18


Presenter Notes
Presentation Notes
A key characteristic of our design thinking framework is the iteration between phases. The iterative process is represented by the bidirectional arrows.
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Presenter Notes
Presentation Notes
The third phase is “Test & Implement.”
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Presenter Notes
Presentation Notes
In this phase, we developed functional prototypes, provided feedback to each other, and incorporated feedback into revisions. Toward the end of this phase, we implemented the online tool and continued to test and update it.
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Presenter Notes
Presentation Notes
Again, the bidirectional arrows show that we iterated between the “Explore & Ideate” phase and the “Test & Implement” phase
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Presenter Notes
Presentation Notes
The final bidirectional arrows show that the ordering of phases is flexible. We moved between any two phases as needs and ideas developed.
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Presenter Notes
Presentation Notes
The smaller cyclical white arrows show that iteration happened within each phase, as well.


Understand & Empathize

Objective : Help others organize and visualize the data as a water manager does.

24


Presenter Notes
Presentation Notes
In the first phase, “Understand & Empathize,” we drew from Chad’s knowledge of the system, his experience, and the way he sees the system and organizes the data in his head.
�The objective of the subway diagram is to help others organize and visualize the data in the way that he does.
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Presenter Notes
Presentation Notes
In the next phase, “Explore & Ideate,” we began by looking at subway diagrams.

This map of the London Underground was created in 1933 by Harry Beck and was the first to introduce this classic design. A defining characteristic of this design is the prioritization of simplicity over strict geographical accuracy. We knew we wanted to apply this approach to conveying geographic context in our project.

Throughout the presentation, this lightbulb icon represents a new idea or resource we applied during the project.�
https://tfl.gov.uk/corporate/about-tfl/culture-and-heritage/harry-becks-tube-map
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Presenter Notes
Presentation Notes
During the “Explore & Ideate” phase, we also considered flow diagrams.
�This is a very early example of a flow diagrams, drawn by Charles Minard to depict the change in troop size during Napoleon’s Russian Campaign of 1812-1813.  

A key characteristic of this diagram is that the width of the lines changes to represent different quantities. We knew we wanted to apply this approach to representing water flow in our project.





Sankey diagrams
i1 (flow direction, numeric data)
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Presenter Notes
Presentation Notes
Here is an example of a Sankey diagram from Patrick Bogaart’s R package Panta Rhei using data from Statistics Netherlands to depict Dutch national material flow.

Again, the line widths change proportional to numeric quantity.

The key characteristics we wanted to apply from this diagram included flow direction and labeled numeric data.

As we considered these examples of subway diagrams, flow diagrams, and Sankey diagrams, we knew that we wanted something a little more custom.
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Presenter Notes
Presentation Notes
So Chad drew up some notes and designs, moving us further into the “Explore & Ideate” phase.
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Presenter Notes
Presentation Notes
His notes included A) key concepts, B) intended audience, and C) specific ideas.

Starting with A) key concepts, Chad’s notes describe representing different types of data, including:

1) geographical information, for example, where/how water is routed in the restoration area. This comprised the “subway diagram” aspect of the project.
2) semi-quantitative information, for example, relative flow rates. This comprised the “Sankey diagram” aspect of the project.
3) additional quantitative information, for example, flow rates, comparison of gauges, restoration flows versus other flow.

Key concepts are therefore a mix of the phases “Understand & Empathize” and “Explore & Ideate.”

Next, in B) intended audience, Chad’s notes detail the following people: SJRRP staff preparing meeting notes or presentations to the public or staff involved in flood operations; users not familiar with the program or area; regulators, Congress and other organizations concerned with water rights; biologists planning coordinated fish actions; and academics and students.

Defining intended audience is part of the “Understand & Empathize” phase.

Finally, in C) specific ideas, Chad’s notes describe various concepts, including: use of a top layer and a bottom layer, with the top layer containing quantitative values, gauges, reservoirs, dams, and flow paths and the bottom layer containing geographic references. Flow paths in the top layer include rivers, flood bypass, small tributaries, and canals and have a width proportional to their flow using the Sankey approach, as well as labels.

Another concept was: use of a navigation panel if diagram is too dense or type is too small.
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Presenter Notes
Presentation Notes
On this next page, Chad’s notes show more specific ideas related to map conventions: water bodies in italics and other elements in roman; gauges outlined in black and emphasized; dams and diversions as a white lines breaking a flow path, and more details about losses, canals, confluences, reach numbers, and colors of restoration flows.

His notes are a great example of design thinking because they show iteration between these two phases.
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Presenter Notes
Presentation Notes
We also referred to existing SJRRP documents, including this diagram with real data and the concept of directional flow. This screenshot shows one tab of the accounting spreadsheet Chad mentioned earlier.
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Presenter Notes
Presentation Notes
This document also showed real data and directional flow, but the data was static and the geographic context was too distorted and simplified.
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Presenter Notes
Presentation Notes
We then began prototyping in Figma. This allowed us to pick and choose pieces of the examples we looked at and consolidate them for the first time.

Prototyping in Figma allowed us to examine specific data scenarios, like how to represent zero flow.

Here is a segment of the subway diagram showing water flowing into Mendota Pool from the north, and the same magnitude of water flowing out of Mendota Pool to the west, further along reach 3 to Sack Dam and Arroyo Canal. The JBP gauge on the right hand side of the diagram shows that the flow entering Mendota Pool from the east is zero (and the same width of the blue flow lines confirm this).
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Presenter Notes
Presentation Notes
So that was our first idea for representing zero flow, a solid grey line.


1 Understand & Empathize

Representing zero flow variations:

Conceptual
2 Explore & Ideate prototypes in

Option 2:

Option 1:

Sack Dam Im‘
MENDOTA POOL

Sack Dam Iml
MENDOTA POOL

Arroyo Canal

35


Presenter Notes
Presentation Notes
Here was another option, a similar solid grey line with white dots.
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Presenter Notes
Presentation Notes
Another option, a dashed line.
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Presenter Notes
Presentation Notes
And a final option, a thin black line.
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Presenter Notes
Presentation Notes
We made many such design decisions and finally ended up with this full Figma prototype with comments all over the document.
This is a great example of design thinking, with the comments representing iteration WITHIN the Explore & Ideate phase.
Prototyping in Figma allowed us to move forward to the “Test & Implement” phase with confidence that we had identified many core data cases.
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Presenter Notes
Presentation Notes
We started the Test & Implement phase by using existing code for building a subway diagram.

This existing code was John Walley’s open source project called d3-tube-map. This screenshot shows the output of his code, which creates diagrams in the style of the London Underground map. We adapted this code to look more like our Figma prototypes.

This is another good example of design thinking - instead of trying to define all requirements from the beginning, we leveraged existing code as a rough draft of our solution and continued to iterate between phases.
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Presenter Notes
Presentation Notes
This screenshot shows the first substantial progress in a functional prototype in the Test & Implement phase.


Test & Implement

F

(@)
S
o |
b AR R e S

R

Feedback

) =

Revisions

Adding
geographic
context

41


Presenter Notes
Presentation Notes
Another piece of the “Test & Implement” phase was figuring out how to represent geographic context, as shown in this drawing from Chad.�
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Presenter Notes
Presentation Notes
Again, we adapted John Walley’s d3-tube-map code to introduce a background map, in beige and yellow here, that can be toggled on and off.��
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Presenter Notes
Presentation Notes
Toward the end of the Test & Implement phase, we exchanged feedback through many mediums, including emails, meetings, and documents like this one, which show comments with purple icons.

I spent a lot of time testing edge cases to ensure changing data didn’t break the visualization.
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Presenter Notes
Presentation Notes
Using hand drawn communication was often easiest, as shown here and throughout the presentation. This example of design thinking allowed us to iterate quickly and accurately between cycles of feedback and revisions.
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Presenter Notes
Presentation Notes
Although we successfully implemented and launched the online tool, the “Test & Implement” phase is ongoing. As new data comes in and we consider new ideas, we anticipate continuing collaboration and applying the design thinking framework.
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Presenter Notes
Presentation Notes
Now I will share some examples of the subway diagram working with real data.

The first example date, on March 3, 2026, flow started in two tributaries, Little Dry Creek and Cottonwood Creek, which join the San Joaquin River just below Friant Dam. These creeks seldom have flow and thus, those gauges are not normally checked. 

The subway diagram visualizations make it clear these creeks have begun flowing, both through the solid line styling and the Reach 1 balance of 108 cfs, reduced from prior days. These changes have implications for achieving the target flows at Gravelly Ford, downstream of Friant Dam.
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Presenter Notes
Presentation Notes
This next example, on March 19, 2026, shows maximum restoration flows. The green box shows restoration flows reaching 479 cfs. The blue line weights have increased proportional to flow. 
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Presenter Notes
Presentation Notes
In contrast, this example on August 21, 2026 shows minimum restoration flows. The green box shows restoration flows at 4 cfs. Again, line weights have adjusted proportional to flow, this time decreasing. The SJS gauge shows that flows are zero and therefore, the Lower Eastside Bypass is disconnected from reach 5.
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Presenter Notes
Presentation Notes
This final and very recent example from October 23, 2026 shows an abnormally high balance at 189 cfs, nearly twice the expected value. The visual and numeric information presented on the subway diagram indicate a likely gauge mis-calibration downstream at SJB.
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Presenter Notes
Presentation Notes
As we near the near the end of this presentation and this session, we zoom out of the specific, tangible examples that Melanie just shared: To revisit as a whole what our collaborative process can look like, through design thinking for co-creating decision support tools. 
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Presentation Notes
In this example for the SJRRP…
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Presenter Notes
Presentation Notes
Chad had some key concepts and objectives related to transparency of the process and the information, and where accounting = protection, The audience includes staff as well as the public. 


Understand & Empathize V. Explore & Ideate

- W 1

Values
Context Goals
Culture Objectives

Worldviews

2) Revanve

)} FLow RATE

/) Temmen; Aupigrms — SIRRy

Test & Implement



Presenter Notes
Presentation Notes
He drew from and shared with us his ideas and concepts related to subway diagrams and Sankey diagrams. 
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Presenter Notes
Presentation Notes
He shared specific conceptual prototypes where he turned his Excel spreadsheets to something that included features of subway and Sankey diagrams. 
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Presenter Notes
Presentation Notes
Melanie co-designed and programmed functional prototypes… and with many iterations of feedback and revisions within and between many of these steps…
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Presenter Notes
Presentation Notes
Produced a final tool now implemented on SacPAS for about a year now. 
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Presenter Notes
Presentation Notes
We hope that this example and walk, through our collaborative process stirs some ideas in your minds or helps solidify some ideas you may already have…


Values

Functional
prototypes

Implemented
Online Tool

Ideas

Context Goals

Conceptual
prototypes

Feedback

Culture Objectives Concepts

Updates

Worldviews Revisions

Decision

Support
Tool

ko s8] 'ﬁ-&r g


Presenter Notes
Presentation Notes
And that you’ll reach out to us to discuss further what a decision support tool could look like for you and your team. The advantages of decision support tools can include access to integrated data, value-added features, specific and meaningful to the data and the goals, as well as public access to a common product that everyone can look at together for discussions and for education. 
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We are grateful for Reclamation
funding our SacPAS work, and
in particular Lisa Elliott (GOTR)
and Josh Israel.
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Presenter Notes
Presentation Notes
We’d like to thank Reclamation for funding our SacPAS work and for the close collaboration. We’ll take any questions you may have. Thank you. 
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