Fast prediction of river
influences on the estuary,
and why it matters
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Take-home message

The estuary—defined across the river-to-ocean continuum—is

The FCR 431, arine physics, and thus key ecosystem
servic g

We ca and beyond—at different
temporal scs '

Motivated by the tors for salmon-
and bioreactor-relevanty q of flows

adjustments be beneficial to manage ecosy

Is it time for managers, operators, regulators ainw._ Zientists, to
work together to take advantage of this opportunity?

* Caution: detail # accuracy




The Columbia River as an estuarine bioreactor

In spite of very low water residence times, the estuary functions
at times as a “bioreactor” by processing and altering land and
ocean inputs via active biological “hotspots”
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Example of biological mediation of ocean influences {35
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Salinity as an indicator of ocean influences
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Response of salinity intrusion to river flows
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Response of shallow water habitat to river flows
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The SATURN collaboratory
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The SATURN observation network
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SATURN modeling system (the Virtual Columbia River) (T n

e River-to-ocean domain

e Unstructured horizontal grids of
O(100,000) nodes, with highest
resolution in the estuary

e ((50) vertical layers

e Realistic bathymetry and river, ocean
and atmospheric forcing

e Circulation modeling: operational
products include daily forecasts, 15y
simulation databases, climatology

e Modeling of sediments and
biogeochemistry: current focus on
development and process studies

e Computationally demanding



The Columbia River Treaty Review as a game changer (3 12

e The CRTR required the calculation of salmon-relevant
ecosystem metrics from high-resolution simulations of 3D
circulation conducted with a finite element model.

e Straightforward, right? After all, we have the advantage of a
powerful observation and prediction system built with this
type of requirements in mind!

e Exceptthat...

... the metrics needed to be computed over 70 years, for
11 alternative scenarios, in a grid with over 4M nodes

... and the results were needed approximately a month
after the management scenarios became available



The challenge (3 13

To extract useful and scientifically defensible results from a
complex numerical circulation model taken far outside of its
computational comfort zone

Run time Storage
1 year of simulation*: 2.5 weeks (0.6x) 5TB
x 70 years: 175 (44x) 350
X 11 scenarios 1925 (481x) 3850
/ 4 clusters 481** (120x)
Time available 4 weeks
Storage available 100 free out of 500 TB total

* On a CMOP cluster with 64 computing cores
** 1f the lead investigator were to retire in 10 years, he would see the results
just a few months before retirement



The solution: focus directly on the metrics

Target ecosystem metrics

Salmon Habitat
Opportunity
(SHO)

Plume volume
(PV)

Salinity Intrusion
Length (SIL) Shallow Water

Habitat (SWH)

9
All metrics are computable fromn, U, S, T



What we would normally do ...

Virtual Columbia River

SIL time series

PV time series
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... is computationally unfeasible (run time, storage)

/

Alternatives:

e (Can we train multivariate regressions of the metrics relative to Q
and other key forcing, that are adequately predictive?

e When regressions are not satisfactory, can we train machine-
learning based fast model surrogates (van der Merwe et al. 2007;
Frolov et al. 2009; Frolov et al. 2012) to predict n, U?S, T “accurately
enough” and then compute metrics from these approximate fields?



Correlation analysis: r? for the various metrics

Salmon Habitat
Opportunity

(not significant)

P
E

Plume volume
(r2=0.70)

Salinity Intrusion
Length (r’=0.88) Shallow Water

Habitat (r°=0.90)




Run times for Correlation Analysis

Virtual
Columbia River

- DB31 (1999,
2001, 2011,
2012)
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Run times for Surrogate Analysis (T 18

Virtual Columbia

River

 DB31 (1999, e 256 processors
2001, 2011,

2012) Loop on 11 scenarios

> * Loop on 70 years
- n U ST = ™




Synthesis and inferences (T 19

e A combination of strategies (correlations and surrogates, trained on
pre-existing, extensive simulation databases of circulation) allowed
the calculations of salmon-relevant metrics for 77 CRTR scenario x
years of river flow in less than a month — with “enough accuracy”
(Baptista et al., in prep.; Frolov et al., in prep.)

e With lessons learned, this translates into seconds of simulation for
O(weeklong) predictions—the type of computational speed that is
needed for real-time operational decisions and that has not been
available till now

e The same or similar metrics and calculations are also useful to
anticipate key responses of the bioreactor to river flows

e While many scientific challenges remain in understanding and
modeling estuarine services (salmon, bioreactor), the toolset now
available is already potentially transformative in practice—if its
incorporation in FCRPS management and operation is desired



The transformative opportunity (3 20

Could FCRPS flows be used to proactively steer the bioreactor
and salmon habitat towards desirable targets? Examples:

1. Mitigation of estuarine hypoxia/acidification through short-term
increases (to reduce salinity intrusion length) or decreases (to
promote Mesodinium blooms) in flows at Bonneville Dam

2. Selective amelioration, through limited water releases, of the
habitat and ocean-entry conditions for specific salmon stocks, as
they use specific regions of the estuary for rearing or migration;

3. Operation of the FCRPS as a tool for adaptive management of the
estuary, as the estuary responds to climate change and as the TBD
terms of a revised Columbia River Treaty are implemented

CMOP is available to host a regional workshop to explore this
opportunity and foster associated dialogue



Happy to entertain any questions
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