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Topics From Chat and Q&A

How to quantify uncertainty in model predictions given variability

Importance of Mexico and how to account for it
* What is accounted for currently in the model

 Recent infrastructure failures

Biogeochemical data availability-how much data are available to characterize organic
matter loading across seasons (wide range of flows, seasons, wet events, etc.) What
constituents are most limited?

Depth dependent grazing limitation

How does model resolve upwelling and how is that differentiated from anthropogenic
nutrients



wo Criticisms from Michael Baker International

1. ROMS-BEC omits backscattering physics in the formulation of light attenuation

+
Lack of accounting for mineral turbidity near river plumes

overprediction of photosynthetic rates and growth rates

2. Schematization of plume is lacking by assuming fixed time invariant volume flux

o Favors under-dilution of wastewater NH4 and NO3, which leads to excessive
phytoplankton productivity.



Our Response to Michael Baker Intl. Criticisms

1. We disagree with both critiques

2. Even if there was an element of validity, at the spatial and temporal scales at
which we are modeling, these processes do not factor



High Level Answer to Critique #1

Criticism is incorrect that particle backscattering is not included
e BEC formulation accounts for this empirically

* River turbidity is only factor only for some rivers for < 10% of the year
and only at local scale

 Performance assessment shows no evidence that model is
overpredicting chlorophyll-a



High Level Answer to Critique #2

Criticism misunderstands methods and approach to parameterize
outfall plume dispersion

* We covered this in inputs presentation this morning

Even if the criticism is correct, then we would see overprediction bias
in ammonium and chlorophyll-a

 Performance assessment shows no evidence that model is
overpredicting these parameters



BEC Attenuates Light from Organic Matter

PARB (Z) = ImMax (0 ﬁ ISW) eﬁ(‘r"cﬁf (Chfsp‘i'Ch!diaﬁ'Chfdfaz)"'ﬂw) dz
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We don’t attenuate light from mineral turbidity because it doesn't factor in the questions
we have been pursuing

If we wanted to, we would model at high resolution and include a sediment transport
model (available in research grade applications)



River Turbidity a Factor Only in Some Rivers for Some Storm
Events and only at Local Scales
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Criticism #1

If We Are Incorrect, Then We Would See It in the
Chlorophyll-a Model Performance Assessment

Performance assessment points to
tendency to underpredict chlorophyll-a...
when that occurs

2015 in Santa Monica
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Methods Recap: Plumes Are Diluted Along
the 60 Vertical Cells Representing Ocean
Depth

Outfall plumes were distributed as a shape function
roughly 10 meters above the pipe

Depth

Distribution of Vertic

* This establishes an initial rise & spread from pipe

* ROMs physical processes then cause the plume rise,
mix and spread to point of neutral buoyancy

* Stops at thermocling, if stratified

* Mixes all the way to the surface, if not

Decision was informed by looking at hundreds

of POTW plume monitoring profiles
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Methods Recap: Sensitivity analysis on Approach to Vertical Dilution

What was tested?
* Where the initial height of the plume spreading occurs (30-40-50-60m ...)

* In variable ocean states (e.g. stratification, mixing)

What were the conclusions?
* Results were insensitive to initial height of plume spreading

* The diffused plume always rises to the thermocline when the ocean is stratified
* A well mixed ocean brings the plume to the surface

* What is discharged to the surface, spreads in the surface (rivers, some small POTWs)



No Evidence of Under-dilution in Vertical Profiles of Ammonium
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No Evidence of Under-dilution in Horizontal Profiles of Ammonium

Model (background) & insitu data (dots) Model (background) & insitu data (dots)
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Performance Assessment of High Frequency Transport/Circulation

 Validation of high frequency circulation is difficult, because so little of these dynamics are observed

* Moored time series (e.g. temperature) show good agreement with the model

* Model variance dropping off at high frequencies at a limit set by the grid resolution

* High frequency radar, though publicly popular, is an extremely noisy data set, so not that useful

Other clarifications

ROMS is a “living model” so we want to make a few clarifications

* Only one version of ROMS-BEC has been used for Bight-centered applications

For “management” version of ROMS employed in nutrient management applications...

* Forced by weather research forecast model (Renault et al. 2019). Data assimilation is being
tested through a research application, but not yet used in this management version.

* Does include internal waves

* We can account for surface waves in newer research configurations, but that functionality is not
yet incorporated in this “management version” of ROMS-BEC



Effects of the resolution on BGC

e Capturing submesoscale ( > 1 km) critical for anthropogenic nutrient questions

* +/- 30% change in the mean plankton productivity

e +1 order of magnitude on nutrients delivery in the Bight

* Tradeoff in resolution versus computational time, so 300 m balances resolution vs. cost to

simulate

Submesoscale impacts on nutrient cycles
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How Does Model Capture Ocean Forcing from 1 km Scale

* Yes, the smaller grid captures the effects of climate cycle from parent grids.
Mercator seems to reflect those climate features.

* Boundary conditions are calculated daily and the effects from large ocean can be
simulated for any dynamic longer than a few days.

* On way offline downscaling is based Orlanski scheme for the baroclinic mode
Marchesiello et al., 2001) and a modified Flather scheme for the barotropic mode
Mason et al., 2010) to minimize wave reflection at the open boundaries of the

regional domain and to minimize artifacts.

* Multiple steps before applying the downscaling, parent and child grids are
interpolated matching the mask and topography.

* A normal velocity correction is applied to ensure volume conservation.
* Mercator to ROMS-- corrections have been applied for temperature and salinity

profiles from WOD to reduce biases in Mercator. Similar corrections have been
applied for BGC tracers (nutrients, 02, OM).

* We used daily boundary forcing to ensure the transition of major mesoscale
features from parent to child grid. tides were only applied in the smaller domain.



Effects on warming 2014-157 Yes

Quallitative validation:
Modeled temperature, averaged Bightwide: Is the capturing recently
documented climate events?

El Nino Heatwave
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I w AR

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016
Years



Has Phosphorus, Silicate been Validated?

* In Kessouri et al. (2021), compared with CalCOFI, looked fine

* but these nutrients are not limiting in the Bight, so haven’t been a focus for
ROMS-BEC

* Further validation work ongoing for toxic HABs (ROMS-BEC-PN),
where nutrient ratios are more of a focus
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Focus on nitrogen Because the SCB system is +75% N limited
and 95% N limited in the coastal ocean. ammonium by far the
most dominant nutrients among the others




How is sediment diagenesis and benthic fluxes represented
and how does that matter?

* Sediment diagenesis formulation is dynamic in space and time, but
simple (only tracking labile carbon pools)

* |t matters and we can see its influence in the nitrogen mass balance



Does Model Capture Deep Chlorophyll-a Maximum by Balancing the Tradeoff
between Nutrient Availability and Light? Yes!

Offshore annual mean in two stations

Profile 16

.
e

-50

-100

z (m)

-150

-200®

-250 1

-300 ' ‘ ‘
0 0.5 1 1.5
chl [mg/m3]

z (m)

5o VH
-100
-150
-200
-250

-300

Profile 372

chl [mg/m3]

Coastal in 2

seasons
0 Feb
50
00
10
Chl (mg m>
0 Aug
E -50
N
-100]
0 5 10

Chl (mg m~3)



We Subsampled the Model to Compare to Observations

Align time and space of model output to observational time and space as closely as possible

Align Space:

e Extract the nearest model grid cell
to each sampling location/depth

* Assess performance in each
subregion independently

Align Time:

e Extract all model days in the same
month as observations

e Assess performance in each
“season” independently

22



Alignment isn’t Perfect and is a Source of Uncertainty

Uncertainty in Uncertainty in
Alignment in Space Alignment in Time
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Discussion of BEC Parameterization of
Plankton Processes

* BEC has 90 parameters, and Curtis et al. assessed ~20 of these for initial
testing and sensitivity analyses

* We could do more sensitivity analysis to provide better documentation
 SCCWRP CTAG voted in favor of performance assessment in lieu of putting
resources into this
* What drives primary production matters most
* Bight is in the range of nutrients where a subsidy of human nutrients is going to
matter

* In the Bight, we validated both state and rate for planktonic processes,
with hope that we are getting the right answer for the right reason



Ocean change and “non-linearity”

Plankton Growth vs Nutrient CalCOFI (SCB) Nutrients
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SCB is predominantly in the “sensitive” regime.



Parameter Sensitivity

Phyto

Zoopl

Part.
Bact.
Detr.
Chem.

Nutrient limitation (‘k,,’; n=11)
Stoichiometry (Q; n=16)

Dissolved organic matter (n=2)
Mortality (n=3)

Grazing (n=19)

Particle Aggregation + flux (n=18)

N cycle (n=11); aerobic/anaerobic

Fe cycle (n=3); scavenging, sediments

Total Parameters > 80



Example: Mortality

The number of parameters and their non-linearity makes an exhaustive sensitivity
analysis infeasible. We have conducted a partial sweep of ecosystem parameter
space. In general, within feasible range of parameters NPP varies by ~10% or less.

Quadratic mortality of Zooplankton represents higher trophic levels (ecosystem ‘closure’).
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Boundary Conditions

In contrast to ecosystem parameters, boundary conditions exert a major influence
on biogeochemical rates in model solutions, and thus a major focus of our efforts.

Regional Ocean Modeling System
(ROMS)

- Eddy-resolving ocean model (4km)
- ~2 decade Hindcast 1995-2013

Surface Forcing :
- Physics: WRF

\ Dust Fe: CESM . =
ﬁ_ﬂ_ﬂ_’—""'

Forcing
_ ~ - Atmospheric model (WRF) 6km
Ocean BOUI’IdaI’IeS\H,/ atmospheric winds, radiation, E-P
Physics: ROMS(12 km) + WO - Physical boundary conditions from
I Biogeochemisiry: WOA + CESM global reanalysis (Mercator)
- Biogeochemical boundary
e /,\,L conditions from climatology (WOD)
Benthic Fluxes SN Validation
Nitrogen loss: Bohlen [2012] - Historical hydrography

Iron input: Severmann [2010] - Satellite remote sensing



Sedimentary fluxes

Sedimentary fluxes of Fe (input) >10x atmospheric deposition.
Flux implemented based on empirical correlation to C,, and O,.

Average benthic denitrification (mol!mzlyr)

Average bottom Fe flux (mmol/m?/yr) 500
e N
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Model Reproduces Range in Phytoplankton Growth and Zooplankton
In-situ experiments Grazing Rates

According to model, thisis a
cyclonic eddy location

Phytoplankton Growth Rate in SB Bay
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Demonstration of chemical effects on the
shelf (source : Kessouri et al., 2021 PNAS
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Mass balance inform about mec

nanistic effect of a
outs on the

perturbation. E.g., land based in
epipelagic ocean

* Processes can be summed up.
* Or break down to detailed processes



Anthropogenic amplification of the nitrogen cycle in the SCB
(unit: mmol/m3/s)

Offshore Shelf

Kessouri et al., revision, Sci. Reports




Anthropogenic
amplification of the
oxygen cycle in the SCB
(unit: mmol/m3/s)

Offshore

Anthropogenic
amplification of the
carbon cycle in the SCB
(unit: mmol/m3/s)

Offshore

Kessouri et al., revision, Sci. Reports




Example of detailed mass balance applied in “ocean only no
anthropogenic inputs” at 1km resolution in central coast of
California (Damien et al., 2022 JGR-Oceans)
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QUANTITATIVE | PLANKTON

CalCOFI data, superimposed on Maps of Modeled NPP
maps of remotely sensed NPP
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MEXICAN SOURCE ATTRIBUTION SCENARIO

Evaluate contributions of Mexican point (PS), non-point source

(NPS) sources coming into Mexican and US Waters

SB Intl Tijuana R.
WWTP Transboundary
Outfall flows
Ocean Other US SB Intl : T"LI’anq j
Coastal Inputs WWTP ransboundary
flows
Ocean
Ocean Other US Adding run of only US land-

Coastal Inputs

based inputs

Mx Coastal
River NPS and

Natural

Mx Coastal

Outfalls

All US and MX inputs to US Waters

Evaluate changes on
Existing algal productivity,
pH, O, and their
biological effects




Tijuana River Watershed

Binational watershed with shared water resources and
water quality issues

* 73 % Baja California

» 27% California.

* Point/nonpoint sources comingled and drain to Tijuana

River on Mexican side
e 21% city of Tijuana

 Two major wastewater treatment plants (~10 MGD)
treating to primary

River discharges to estuary and Coastal ocean on US side
* Baseflow captured and routed to South Bay
International Water Treatment Plant ( SBIWTP)

High flow events or infrastructure breakage results in
“transboundary flows”

Binational monitoring has captured flow and water quality
sufficiently to estimate this loading to the US ocean
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Uncertainty due to Intrinsic variability

Anth anth2 anth3 are three realization after perturbation at the initial conditions
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Anthropogenic influence on Inorganic Nitrogen Cycling

100

High concentration of ammonium in outfall plumes is below the thermocline
during stratified summer and fall seasons
 See ammonium at the surface during strong winter mixing.

Concentration of NH:'1 @ MLD
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Good agreement between observations and model output on range
of variability in nitrification rates and patterns relative to outfalls

Nitrification Average 1997-2000 [0 - 60m depth]
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We could update these on the same
time-period as the observed data



Good agreement between observations and model output on
magnitude and range of variability in nitrate and ammonium uptake
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