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Tension in the
system
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Ecosystems - B

Humans “\\

| drink your milkshake!

image adapted from There Will Be Blood







Environmental
Flows

— l'
5 > Water we

reserve in
stream for

ecosystem
health

e
: 4



A totally not made up hydrograph with minimum instream
flow (CFS)
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Peak magnitude flows

Spring recession flows

v

Dry-season base flows

16.



Functional Flow Components
e.g. Winter Floods, Spring Recession
Summer Baseflow

Flow characteristics
e.g. Magnitude, Timing, Duration,
Frequency, Rate of Change

Flow metrics
e.g. 5% Exceedance flow, Julian Day,
Percent decrease per day, Richards-
Baker Flashiness Index

Flow
Characteristics

Wet Season
Initiation

Peak Magnitude
Flows

Magnitude

X

X

Timing

X

Duration

X

Frequency

X
X
X

Rate of Change
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Statewide Needs

- Set instream flow standards to protect biological
communities

- Assess vulnerability of streams to future changes
in flow conditions
- Prioritize areas for restoration/management
- Evaluate/inform management actions
- e.g., reservoir operations, water withdrawals

Social process following
" scientific process
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Estimating Flow
Benefit

- Calculating adherence to
range of historical flows
by flow component, date,
and segment

- Multiply this base benefit
by the species that rely
on the flow

Single Day Benefit

Annual Benefit

Base Benefit

Magnitude (Q)

Economic
Objectives

Total Eflow
Benefit

Conceptual
Diagram

Recession
Benefit

Peak flow
benefit




Basic Flow
Component
Construction

Single Day Benefit

Maximum Magnituds

Benefit for Dry-season base flow on segment 14992951 on day 100

1.0 41

Minimum Magnitude

Start Timing
Day of Water Year

Benefit
Surfaces

Low Benefit
4
100 125 150 175 200
Flow/Q (CFS)

No Benefit

1o 25" 25" Time 25" Time:
Time Time Day of Water Year ~ +75°Dur  +90" Dur
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100

Maximum Magnitude

Minimum Magnitude

Basic Flow

Component
Construction

Duration

Start Timing
Day of Water Year
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Benefit

Surfaces

Low Benefit

No Benefit

[l 'l
10m 25" 25" Time 25" Time
Time Time Day Of Water Year + 75" Dur + 90" Dur
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Annual Benefit

Benefit
1.0

24
%p]
L
@]
£
z
0
[°

100 150 200 250 300 350
Day of Water Year (D)
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Peak flow
benefit

Tailoff Curve

Flow i CF50)

Calculated Benefit for Water Year 2019

Hydrograph

M

|

—— Peak-Adjusted Benefit
—— Base Benefit

W

25 5.0 7.5 10.0 125 15.0 17.5
Length of single event (days d)

100

150

200 250 300 350

Day of water year

s 1w 10 200 2w
Doy of Water Year ()
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Hydrograph
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Day of Water Year (D)

28.



Recession
Benefit

Calculation

.
e
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w
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200 225 250 275 300 325 350
Day of Water Year (D)




Calculation

Pehange <0.10 Brecession = Bhase

nge

90th percentile

Brecession = 0.5 * Bhase

Bracession = 0 Pehange < 30

14 days < Time in
recession < 28 days?
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Diagram
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Total Eflow
Benefit

Z(specie.s probabilities for segment)
* min(Z(ﬂow component bene fits for day at flow Q), 1)




Economic
Be n efit Future Updates

P = Starting price

D = Total units

demanded (default:
»  80% of flow)




Future Updates

Treat economic objectives
(farming, cities, etc) the
same as flow components,
and evaluate them
similarly.
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Under the

Criteria Hood

Optimizing
Environmental Flows Data Sources Results

Evolutionary Discussion

Algorithms




e=> Modeled Segments
Excluded Segments

Cosumnes

Al Rivers \ : Wate =hay
| 4 ‘ 1

Michiﬁan
Bar Gage
» SRS
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Evolutionary
Algorithms

A flexible optimization approach:
- Supports multiple variables
(species presence, needs,
flows) and objectives
(environment, economics) Mass Balance
- Uses randomness to find
better solutions (evolution)
« "smart brute force" - AI?




Mass Balance




Downscaling

Data Sources Species Data

Historical Flow
Data




Downscaling

Data Sources Species Data

Historical Flow
Data
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N
(T:thature \ Resulting Flows
Onservancy ”

COMID: 14992951

North Fork American River Estimated Natural Flow

Dry Years @ Mod. Years @ Wet Years
380.1crs 702.4 ces 1994 ces

80% Confidence Interval

44.



Resulting Flows

Navarro River Daily Flows

Interpolated from daily single gage data to all

NHD stream segments using TNC's California
Unimpaired Flows Database (rivers.codefornature.org).
Data and animation by UC Davis Center for

Watershed Sciences (watershed.ucdavis.edu)

Legend (CFS)

sy UCDAVIS

[l CENTER ror WATERSHED SCIENCES
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Navarro River Daily Flows

g O Interpolated from daily single gage data to all
by NHD stream segments using TNC's California
Unimpaired Flows Database (rivers.codefornature.org).

Data and animation by UC Davis Center for
Watershed Sciences (watershed.ucdavis.edu)

Legend (CFS)
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Subwatersheds
to Segments

Downscaling
Species Data

- Need to move from
HUC12 (~5k) to NHD
Stream Segments
(~140k).

- Significant scale F’rimarydstream
mismatch suggests b
probabilistic
approach




Subwatersheds
to Segments

Stream Presence

Order Probability
|: Watershed in 4
historical range 3
1 Watershed not in 2
—— historical range 1

48.



Stream
Order

Watershed in 4
historical range

3
Watershed not in 2
historical range 1

Presence
Probability

1
1

0.9
0.45
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Primary Stream
Order

Order * (species) = min(
mazx(stream order Vsegments € HUC12)

YHUC12s € species historical range




Criteria

Find the set of allocations
where we cannot improve
environment without further
economic losses (and vice
versa).
- Not a prescription, but
decision support

lyauag |ejuawiuoiiaug

Economic Benefit

Constraints

- Cannot allocate

more water than is
available in a
location
- Use a proportion
of available flow




- Minimum range and
connected reserve
constraints
(spatially)

- Cannot allocate
more water than is

available in a
location




Models

- A: Experiment with
parameters

- B: Long runs of successful
Model A params

- C: Min constraint on
proportion of flow for
environment

- D: Daily decision variable
for all segments
- E: Single segment




Results

- Stream network model
had too many decision
variables (~20,000) to
converge

- Single segment at the
gage uses 365

decision variables (one
a day)
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Discussion

- No convergence on large
model runs. New
algorithm?

- Recession component
benefit estimate is poor.
- Model bakes in functional
flows as best flow - not
the case.

- Model inputs need peer
review




Under the Hood

- Python 3

- Built as a platform/package
for experimentation

- Platypus for optimization

- Django for web support and
database access

- ArcGIS Pro, QGIS, fiona for

spatial

- Running standalone, or tasked

and distributed via Microsoft

Azure Pipelines

- Open source/MIT License:

- https://github.com/ceff-
tech/belleflopt
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