The California Harmful Algae Risk Mapping (C-HARM) System:

Harmful algal bloom warning system for fisheries and ecosystem management
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Need for A Predictive Capability

e Domoic Acid from the diatom Pseudo-nitzschia is a serious
health and ecosystem risk— and is identified as the leading
HAB issue on the US West Coast. Lewitus et al. 2012
(apologies for not being here yesterday!)

e While not always linked to water quality, there is evidence
that toxicity responds to anthropogenic nutrients
Anderson et al. 2008; Howard et al. 2007 Kude/a et gl 2008;

Kudela et al. 2010 SN B
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INITIAL BASELINE FOR DECISION MAKING
-Monitoringin real-time at low spatial resolution
-Relies primarily on the presence of toxinin
shellfish and fixed quarantine periods

Domoic Acid Concentration (pg/g)
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Empirical Habitat Models

Lane et al. (2009)

e Monterey Bay; toxigenic Pn blooms

> 75% (blooms predicted)
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Anderson et al. (2009, 2011)
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Blum et al. (2006)
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C-HARM SYSTEM FOR PN BLOOMS & DOMOIC ACID EVENTS

REMOTE SENSING
OCEAN COLOR & SST

2-D satellite images
(MODISA, soonVIIRS)

IN SITU OBSERVATIONAL
DATA

Oceanographic and
meteorological observations
(current meter, salinity, temp,
winds)
Biological /H,0 quality
field observations
(water sample, toxin, shellfish
toxicity)
Cal-HABMAP pier data
(Species composition, toxicity)
Motion sensor data
(AUV, glider, etc)

CROWDSOURCED DATA

Expanded HAB Monitoring Network
(HABMAP, TMMC stranding data, JellyWatch/
HAB App for marine mammal strandings,)

INTERPOLATED RECONSTRUCTED
OCEAN COLOR & SST OCEAN COLOR & SST
2-D satellite images CCS-tuned
Error estimates Algorithms 2-D Chl, Rrs (0+, A) imagery
(Ris(M)
HYDRODYNAMIC
INTEGRATED NOWCAST ~ODFL FIRLDS
- & FORECAST 3-D ROMS 3-day Forecast
/ (currents, salinity, temperature)

FRAMEWORK

CeNCOOs

RECAST & ANALYSIS TOOL

- (application of forecast

- guidelines and rules,
mapping tool)

HAB Empirical

Models

BIOLOGICAL
MODEL FIELDS

3-D Nowcasts of Bloom and
Toxicity Probability

Advection
Scheme

BIOLOGICAL
MODEL FIELDS

3-D 3-day Forecasts of Bloom
and Toxicity Probability

NASA Applied Sciences Program, Terrestrial Hydrology, Ocean Biology and Biogeochemistry Programs
“Ecological Forecasting for Conservation and Resource Management”

“Remote Sensing of Water Quality”



Probability
Maps

Risk Maps

http://www.cencoos.org/data/models/habs/

Interactive CeNCOOS Data Portal

C-HARM Nowcasts and 3-day Forecasts
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Prob / score / ratio
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2014 FEASIBILITY STUDY - SKILL ASSESSMENT
Contingency Plots to Assess Model Performance - Optimize Prob. Threshold
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Prob / score / ratio
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2014 FEASIBILITY STUDY - SKILL ASSESSMENT
Contingency Plots to Assess Model Performance - Optimize Prob. Threshold
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2014 FEASIBILITY STUDY - SKILL ASSESSMENT

The pDA model correlates well with central CA stranding peaks as early
as 7 days before they occur...and with SPATT DA 9-12 days ahead
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Lag Lag
Cross correlation functionsfor the nearest pixel corresponding with Santa Cruz
Municipal Wharf. ARIMA was applied to time series prior to analysis to account for

non-stationarity. Anderson et al. 2016, Harmful Algae
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Geophysical Research Letters =Y

RESEARCH LETTER
10.1002/2016GL070023

Special Section:

An unprecedented coastwide toxic algal bloom
linked to anomalous ocean conditions

Ryan M. McCabe', Barbara M. Hickey?, Raphael M. Kudela®, Kathi A. Lefebvre®, Nicolaus G. Adams?,

Midlatitude Marine Heatwaves: Brian D. Bill*, Frances M. D. Gulland®, Richard E. Thomson®, William P. Cochlan?, and Vera L. Trainer?
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m Shellfish Harvest and Fishery Closures
with Maximum Domoic Acid Values
7-May  Quinault tribe razor clam harvest closure (WA)
8-May Commercial, tribal & recreational razor clam harvest
closure (WA)
9-May  Razor clam harvest closure (northern OR)
14-May State wide razor clam harvest closure (OR)
15-May  Shellfish harvest closure (BC Canada)
29-May  Anchovy viscera maximum 1671 ppm (CA)
1-Jun  Anchovy, sardine fishery closure (CA)
3-Jun  Dungeness crab maximum 65 ppm (WA)
5-Jun  Dungeness crab fishery closure (WA)
Anchovy, sardine, mussel, & clam closures expanded to
3-Jul
southem CA
11-Sep  Dungeness crab maximum 140 ppm (northern CA)
27-Oct  Razor clam maximum 170 ppm (southern OR)
3Nov Dungeness crab & rock crab waming for recreational
harvest (CA)
6-Nov  Commercial rock crab fishery closed (CA)
8-Nov  Dungeness crab maximum 70 ppm (southern OR)
Dungeness crab & rock crab recreational & commercial
11-Nov
fishery closure (CA)
22-Nov  Dungeness crab maximum 270 ppm (northern CA)
23-Nov  Rock crab maximum 1000 ppm (southern CA)
23Nov Delayed opening of commercial Dungeness crab fishery
(WA, OR, CA)
CA seeks federal disaster declaration for commercial crab

9-Feb-2016 fishery.

Conditions leading to this Pseudo-
nitzschia bloom were outside the
statistical envelope for C-HARM

Good test case!
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RESEARCH LETTER An unprecedented coastwide toxic algal bloom

10.1002/2016GL070023 linked to anomalous ocean conditions
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ECOHAB — R/V Carson Day Cruises (May 12 —June 5)
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MODELED Pseudo-nitzschia Bloom Probability

OBSERVED Pseudo-nitzschia spp. Abundance (cells/L

2015 - Pseudo-nitzschia — Santa Cruz WHARF
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MODELED Particulate Domoic Acid Probability
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2015 — Particulate Domoic Acid — SC WHARF
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— Pseudo-nitzschia — Monterey WHARF
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MODELED Particlate Domoic Acid Probability

MEASURED Particulate Domoic Acid (ug/L)

- 60
| M Monterey Wharf (ELISA)
MBA Kelp Exhibit Very Nearshore —
B MBA SW Intake
0.8 MBAFiltered Seawater 50
Hopkins Beach
—40

0.6

LSS 5SS oSNNS
S S
I T T L e T T s
e R o
e o s
B o O
T e e
R N o N o N A
R O e
e
A0 S e I o S S NSNS
S B Y VIS S B S L St S Sttt bt atasataseids
R O s
R
s
30 S S S S S S e S S S S S S S S S TS S S5
S
s
R O O s
R
20
S

o L
P P L B B B B L B L L L L
D L e e e e e e e L e e L e e e B e B e
o e g e et et et et i et e e e Y e e e e e
L L B e e gt L L e D R e e L L L
10 E&%&fﬂi*iii*i L L P e, B e, L L L

L L
L L L

otats! otats!

S50 > S & &
55 I
8 B LRI

ielees SIS 55 35
o
e etereTe s

Cy 7 i
S S S S S5

0 7 xxxxxe‘xxxx xx:{‘xx}r‘x}:x =
0 | 0.2 0.4 0.6 I 0.8

7% “Correct Negatives” MODELED Particulate Domoic Acid Probability 1% “False Alarms”

(1/6n) uoeusdUO) pIOY dlowod d3HNSYIN



2015 — Dungeness crab closures match climatological model

(A)Santa Cruz Wharf — Skill Assessment \ (B) Toxin Probability, Oct-Nov 2015 o
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2016 — Crab/Shellfish toxicity tracks nearshore model
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PDA Model Tracks Crab Toxicity

Santa Barbara Block 710, CDFW Crab DA
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Monterey Bay Model vs. Mussels

Santa Cruz Wharf: Blue Monterey Commercial Wharf: Black
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OPERATIONAL HAB FORECASTING SYSTEM BY 2018/2019

MODISA TO
REMOTE SENSING VIIRS RECONSTRUCTED HYDRODYNAMIC
OCEAN COLOR & SST OCEAN COLOR & SST MODEL FIELDS
Transition Development Transition Development Transition Development
CeNCOOS to NCCOS CeNCOOS to NCCOS e RSS ROMS
Final Implementation Final Implementation Final Implementation
NOAA CoastWatch NOAA CoastWatch WCOFS at CSDL
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DATA INTEGRATED FORECAST (FORECAST)
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Final Implementation
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Northern California Ocean
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NCCOS = National Centers for
Coastal Ocean Science

CSDL = Coast Survey
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RSS = Remote Sensing Solutions,
Inc.
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Services




Predicting toxin production from first principles
collaboration with Chris Edwards and Raphe Kudela
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END GOAL: Create realistic simulations of DA events in coastal California -
Is more model complexity really better?



THANK YOU!

clrander@ucsd.edu

http://www.cencoos.org/data/models/habs



Data Interpolating of EOFs (DINEOF)

2007 SST Reconstruction (daily)

e Statistical reconstruction of
satellite data solving spatial and
temporal EOFs simultaneously
(Beckers & Rixen, 2003)

e Can use covariance-matrices to
solve for multiple linked datasets

e SST: R*2=0.9, RMSE < 1°C, as good
as Pathfinder AVHRR but daily!

s+ Red: NDBC Buoy (
1 |

|
T Y
T "i‘tJN‘b H i \‘ Aﬂ\ W

‘[ Blue: MODISA DINEOF

" | ﬂ

(NDBC 46054 West Santa Barbara)




S4: NOAA Weather Prediction Supercomputer at Univ. of Wisconsin
Prep Satellite data (CoastWatch)

Download NﬁEA OC data Collect ROMS data (CeNCOQS, S4)
Extract Chl, 488, 555 bands netCDF4 file _
and make daily composite * 180 days salt Timeto run
* 180 days temp 4 min / day
Collect 180 days band data * lat, lon, time
d * 150 MB
Run EOF for each band
3 netCDF3 files: Chl, r488, r555
* 180 days data NOWCHSt CeNCOOS, 54)
Archive € * 180 days filled data . .
- * lat, lon, time >| Run models: Timejto run:
Source data ° land mask * Pseudo-nitzschia (Pn) 5 mirjutes
DINEOF results e e * particulate domoic acid (pda)
V * cellular domoic acid (cda)
Downsample to ROMS resolution
netCDF4 file Pn, cda, pda netCDF4 files
* 180 days filled Chl, r488, r555 . 180 davs data
/ ° at, lon, time e Jat Iony time
¢ land mask 0 D
300 MB (150 MB compressed) * 100 MBeach
Maps
Time to run: 3x EOFs=2.5-5 hrs Timeseries

\/ Use in foreca§t script Courtesy of CoastWatch West Coast
(next slide)



(last slide)

v

netCDF4 file

* 180 days filled Chl, r488, r555

* lat, lon, time

* land mask

300 MB (150 MB compressed)
From CoastWatch

Last 180 day plus

From Prep Satellite data

Forecast (CeNCOQS, S4)

Run advection model

3-day ROMS forecast

using forecast u & v vectors

J

Using advection model results
advect lastest filled Chl, 488, 555
forward 1, 2 & 3 days

{

e uandv currents

ChI r488, r555 .nc files
180 days filled data
plus 3 advected days
lat, lon, time

. land mask
ROMS resolution
100 MB each

Run EOF on advected Chl, 488, 555
(using 180 days of filled data)

J

3-day ROMS forecast
* salt,
e temp

Time to run total: 56 min
Adv. model: 10 min
Data advection & EOFs: 36 min
Pn, cda, pda models: 5 min

Run pn, cda & pda models
with forecast data

d

Maps, timeseries

Pn, cda, pda netCDF4 files
* 3 daysdata
* lat, lon, time
* 2.5 MBeach

Same file as above except
- 3 advected days arefilled

Courtesy of CoastWatch West Coast




TOXIN FORECASTS @ SC WHARF (OCTOBER — NOVEMBER)
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2015 BLOOM of DOOM: May — September (and beyond)

T 0 T

CeNCOOS DATA  LEARN  ABOUT  communiTy CeNCOOS DATA  LEARN  ABOUT  COMMUNITY
Santa Barbara to Alaska:
anchovy & sardine
closures

shellfish advisories
and closures

The map image displays the probability that the abundance of toxin-producing species of the diatom

Santa Cruz Sentinel Dungeness Crab Closure!
Unusual Mortalitv Event—includes 11 fin whales NEWS Recreational and Commercial Harvests
' Nov-Ma

News™~ Sports™ Business™ Entertainment~ Lifestyle Opinion~™ Obituaries™ Place

California's crab-season delay claims
Christmas

By Aaron Kinney akinney@bayareanewsgroup.com
"The domoicacid Grinch took our
Christmas crab!" said Phil DiGirolamo,
owner of Phil's Fish Market, a popular
spot for crab loversin Moss Landing.




1.0
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Contingency Plots to Assess
Model Performance —
Optimize Prob. Threshold

0.8

......

0.6

Pseudo-nitzschia atthe SC Wharf vs.
i Nearest Model Pixel

Prob/Score/Ratio
0.2 0.4

0.0
\

1.0

Domoic Acid atthe SC Wharf vs.
Nearest Model Pixel

o
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Threshold Anderson et al. 2016, Harmful Algae



ROMS Simulations

*3-km CA ROMS with 3D-Var
(Yi Chao/CeNCOOS&SCCOO0S)

Temp

L\ Predicted HAB Probability

MODIS-Aqua Satellite Data 1|~ gpt. Conception- »
Chl, R.(%) :j
Remote- o
Sensing wnl p
HAB Model o
E——
HAB Variable (Threshold) Best-fit Logistic GLM - RS
— nllogit)r  (logit) .

Poioom = &/[&77+ 1] Remote Sensing Reflectance

Pseudo-nitzschia (i) Salinity

(10 cells mL™) logit = 8.54 - 10.84*[R« (510/555)] — Temperature
0.216*[Month] + 4.67*[R.(490/555)]
Chlorophyli
(ii) i ———
logit = 5.32 — 2.87*[R . (490/555)] — .
0.165"[Month] Nitrate
_ Phosphate
pDA logit = -134.3 + 0.253[Chl] + 4.0*[Sal] - o )
(500 ng L") 502*[R . (555)] Silicic Acid
cDA logit = -90.0 - 0.35"[Temp] — 666*[Ry (555)]
(10 pg cell) +2.87*[Sal ] —_

Anderson etal. 2011, Detecting diatom blooms from ocean color and a regional ocean model. Geophysical Research Letters L04603



August 2015 vs August 2016

2015 2016
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