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U.S. Integrated Ocean Observing System
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regional associations that
act as a science-based
decision support system.
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California Harmful Algae Risk Mapping (C-HARM) System

HAB Nowcasts and Forecasts for the California Coast

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

NASA Guidelines for Creating an Operational
Ecological Forecasting model... at NOAA

Is there a need for a predictive capability for domoic
acid events?

Is the model system ready and feasible?

Does the model have skill?

Are stakeholders and agency end-users engaged?

Can we successfully cross the “valley of death” between
research and operations?



I. Why predict HABs in California?

e Domoic acid (from Pseudo-nitzschia blooms) is " 3 A
the leading HAB issue on the US West Coast .

Lewitqé et al. 2012

e Unprecedented West Coast-wide HAB of 2015
-closed Dungeness Crab Fishery for the season;
contributed to Unusual Mortality Events

e Shellfish growers, fishermen, and marine
mammal rescue groups want an early warning
system that will enable mitigation efforts and
resource management

Shellfish Monitoring Si
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Empirical prediction models for Pseudo-nitzschia and Domoic Acid

Lane et al. (2009)

* Monterey Bay; toxigenic Pn blooms

2 75% (blooms predicted)

In(chl a)
upwelling
In(Pajaro River)

Anderson et al. (2009, 2011)

e Santa Barbara Channel

Blum et al. (2006)

* Pn blooms
e Pn toxin * Lab + field
- * Pn toxin
(0] e . ()
75% temperature In(SII{;lc taad) phos:nitr 77%
o nitrate i-ni
salinity st
ohl In(si:phos)
In(phos:si)
R.s(0*, 1) nitr:phos
sqrt(nitr)
a,(4) In(nitr)
a,(2) phos
day of year In(nitr:phos)
In(silicic acid:nitrate) In(nitr:si)
silicic acid:phosphate sqrt(si:nitr)

sqrt(si)
In(cells)




ROMS Simulations

*3-km CA ROMS with 3D-Var

Temp .
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T Temperature

216" [Month] + 4. s
g Chlorophyll
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Anderson et al. 2011, Detecting diatom blooms from ocean color and a regional ocean model. Geophysical Research Letters L04603
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California Harmful Algae Risk Mapping (C-HARM) System

REMOTE SENSING INTERPOLATED
OCEAN COLOR & SST OCEAN COLOR & 55T
2-D satellite images CCS-tuned

Erru[rﬂeﬁ;?ates Algorithms 2-D Chl, Rrs (0*,X) imagery

RECONSTRUCTED
OCEAN COLOR & 55T

2-D satellite images
(MODISA, soonVIIRS)

gi.’i!l'{f OBSERVATIONAL l HYDRODYNAMIC
Oceanographic and EGEILL;EERECPL{;?CAST 3-D ROMS 3-:11;“5;?235
m{imgz';l;ﬂl;?l;ﬂ:;;;;ﬂﬂ (currents, salinizy, temperature)

FRAMEWORK

winds)
Biological /H,0 quality
field observations
[water sample, toxin, shelfish
toxicity)
Cal-HABMAP pier data
( Species composition, toxicity)
Motion sensor data

(ALY, ﬁlider, E'[E!

CROWDSOURCED DATA

Expanded HAB Monitoring Network
(HABMAF, TMMC stranding d ata, Jel lyWatch/
HAB Apa for marne mammal srandings

CELL SCOPE; TMMC REAL-TIME DATA s Ly b L e L
and Toxicity Probability

HAB Empirical

Maodels

EIOLDGICAL
MODELFIELDS

3-D Nowcasts of Bloom and
Toxicity Probability

CAST & ANALYSIS TOOL

(application of forecast
zuidelines and rules,

mapping tool)

BIOLOGICAL
MODELFIELDS

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



Il. Is the Model System Ready and Feasible?
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lll. Does the model have skill?

- | R U [P Contingency Plots to Assess
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2014 FEASIBILITY STUDY - SKILL ASSESSMENT
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2014 FEASIBILITY STUDY - SKILL ASSESSMENT

The pDA model correlates well with central CA stranding peaks as early

- .

4 as 7 days before they occur...and with SPATT DA 9-12 days ahead

w S

g 3 | i S€a LIONS | [ ppefiemsmomememomemememsnem e
@) E i vs. pDA ; _i : SPATT (HP20)
g | K I ‘ vs. pDA
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= MM

L= [ NS | SN—{ 1 L B DR R S

oS-

m __________________________________

< 3-

=y

n I I I I I I I I I I I I
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g Cross correlation functeili)ns for the nearest pixel corresponding wi'sh Santa Cruz

Municipal Wharf. ARIMA was applied to time series prior to analysis to account for

non-stationarity. Anderson et al. 2016, Harmful Aigae
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Geophysical Research Letters 2015 FEASIBILITY STUDY ~h

RESEARCH LETTER An unprecedented coastwide toxic algal bloom
10 10srz0IeELar002S linked to anomalous ocean conditions

Special Section: Ryan M. McCabe', Barbara M. Hickey?, Raphael M. Kudela®, Kathi A. Lefebvre?, Nicolaus G. Adams?,
Micllatituce Maring Heatwaves; Brian D. Bill%, Frances M. D. Gulland®, Richard E. Thomson®, William P. Cochlan’, and Vera L. Trainer®
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JDBSERVED Pseudo-nitzschia spp. Abundance (cells/L)
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MODELED Particulate Domoic Acid Probability

MEASURED Particulate Domoic Acid (ug/L)
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2015 — Dungeness crab closures match climatological model

WODELED Pamculsies Domoiz Ackd Probalilly

MEASUAED Paricabs Domak Ak [ugh)

a8

G-

(A)Santa Cruz Wharf - Skill Assessment (B) Toxin Probability, Oct-Nov 2015

(=% [: % | [<F ] LY ne or -ﬂ . B,
T0% “Correct Negatives™ **  coe: 0 porscumm Domse s Preoasiny 3% “False Alarms 126°W 124°W 122 W 1200W 118°W
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IV. Are stakeholders and agency end-users engaged?
http://www.cencoos.org/data/models/habs

B

fomrer 1 Fras o Trvlewingies o Mncrh

FORECAST CORDITIDNS PREVIDUS CONDITIONS

srranal Dui- nn Do zanly

vy 2015-01-10 parsdo—nidzachio prababillicy
AT T L

Pseudo-nitzschia
IIi:|
- GOOGLE FORM
", red points = Feedback from:
sew e e waw e shore stations Natural Resource Managers
e £rd Users
DavriFnoar NraanizatiAan

ralirict UlgallizZduivli

(NOAA NOS & NWS)
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CellScope MobileIMicroscopyl £
UC Berkeley taking imaging to new places

Software

We develop custom software for our mobile microscopes to coordinate image collection, annctation, data management, web
connection, and, for a growing number of applications, automated image analysis

Field Studies

8 Together with collaborators around the world, we are testing the usa of mobile microscopy to solve real-world problems in placas
. including Vietnam, India, Thailand, Camercon, the Ivory Coast, and Hawaii.

Teaming up with Ben Pitterle from Santa Barbara
Channelkeepers & Carrie Culver @ UCSB,,

US EPA ARCHIVE DOCUMENT




What does C-HARM tell us about shellfish toxicity?

Red=Crab, Ye/loszussel

Crab Data from: http://www.cdph.ca.gov/healthinfo/pages/fdbdomoicacidinfo.aspx

-
< 2016 — Crab/Shellfish toxicity New partners in Aquaculture
E tracks nearshore model N 2016-2017
S .| © Trinidad «  Greg Dale -
] - Coast Seafoods, Humboldt Bay
(@] £ " o § Kelly Stromberg —
(a] 2 ‘[ . . *t & Catalina Sea Ranch (first offshore
w R i wes  =es o site in U.S., San Pedro Bay)
> B ﬂ Mo terey . & Eric Bjorkstedt, Brian Tissot —
=l \ : 2 Humboldt State University
E % 1 “\ f] \ Jwg E : g Jeff Anderson —
g 8 | “ 2 5 2 DBD i o 9 Northern Hydrology

a I anta arpara_| .. L\J/'I
T \ﬂﬂﬂhﬁﬁf i M\, ﬁf\ W\/V"J\w “ 8  Obijectives:
[ ol ! qu Lm/\ﬂw 1 03 e Collect paired shellfish/water
Ll S| ‘W T toxins
g e sy e e wem s e Create statistical model of

shellfish toxicity
 Hydrological model of HI231
Many thanks to NASA/Woody Turner for Stakeholder Engagement Funding
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What does C-HARM tell us about shellfish toxicity?

Brett Stacy — UCSC Graduate Student
Jeff Anderson - Northern Hydrology

Probability of particulate domoic acid > 500 nanograms/L
Time: 2016-04-11 00:00 +0000

Probability of particulate domoic acid > 500 nanograms/L ()

0.0 02 04 06 o8 1.0

Data Min = 0.0, Max = 1.0
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What does C-HARM tell us about shellfish toxicity?

Brett Stacy — UCSC Graduate Student
Jeff Anderson - Northern Hydrology

Particle Tracks
............
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What does C-HARM tell us about shellfish toxicity?

Brett Stacy — UCSC Graduate Student
Jeff Anderson - Northern Hydrology Dye Simulation
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Update: Southern California Domoic Acid Event, April 2017

e Mass stranding event throughout food web - Santa Barbara to San Diego

» Shellfish advisories in Santa Barbara; Strandings of Sea lions, Dolphins, Elephant Seals,
Guadalupe Fur Seals, Loons, Grebes, Cormorants, & Brown Pelicans

e Mostly adult female (pregnant) sea lions; many fatalities reported

& r, ¥ 7] 5 \ . J1 -—‘1“:.1
!

C-HARM Experimental HAB Forecasts Ll JOLOE » &
'y Nowcast probability of particulate domoic acid >
™ 500 nanograms/L

J 0 0= os 0.7s 1
Selected time: 2017-04-15 17:00 PDT

36.1618,-116.2871

»oeqpas

4 © Time control 2017-04-15 17:



V. Can we successfully cross the “valley of death”?

REMOTE SENSING MODISA TO RECONSTRUCTED HYDRODYNAMIC
OCEAN COLOR & SST VIIRS OCEAN COLOR & SST MOD Y
Transition Development Transition Development L Transition Development
CeNCOOS to NCCOS CeNCOOS to NCCOS RSS ROMS
Final Implementation Final Implementation Final Implementation
NOAA CoastWatch NOAA CoastWatch WCOFS at CSDL

IN SITU OBSERVATIONAL DINEOF
DATA (FORECAST)

Transition Development
UCSC/CeNCOOS
Final Implementation
NCCOS/NOS CO-0PS*

S S

FORECAST & ANALYSIS TOO®
Transition Development
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CROWDSOURCED DATA UCSC/NCCOS . I}:EPﬁCUU‘s
ROWDSOURLCED DAT Final Implementation ina’ /mpramentation
Transition Development NDSFED—DFS* N NWSWCOSS >
UCSC/CeNCOOS - .
Final Implementation Mlgrate d to $4
NCCOS/NOS C0O-0PS* .
- NOAA NCCOS Supercomputer in
OPERATIONAL HAB MODELS Jan 2016
CeNCOOS = Central and *
Northern California Ocean GULF OF MEXICO WCOFS = West Coast Ocean
Observing System LAKE ERIE Forecast System
NCCOS = National Centers for GULF OF MAINE WCOSS = Weather and Climate
Coastal Ocean Science CHESAPEAKE BAY Operational Supercomputing
CSDL = Coast Survey System
Development Lab CALIFORNIA CO-OPS = Center for Operational
RSS = Remote Sensing Solutions, Oceanographic Products &

Inc. Services
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NOAA MERHAB & ECOHAB Sea Grant Applied Sciences Program

Calitornia

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

clrander@ucsd.edu
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ASLO 2017 Session 027 V. CROSSING THE VALLEY OF DEATH Anderson

Prep Satellite data (CoastWatch)

= Download NﬁSA OC data Collect ROMS data (CeNCOOS, S4)
Ll :
s Extract Chl, 488, 555 bands netCDF4 file
and make daily composite * 180 days salt Time to run
8 ﬁ * 180 days temp 4 min / day
Collect 180 days band data * lat, lon, time
O ﬁ * 150 MB
a Run EQF for each band
3 netCDF3 files: Chl, r488, r555
g * 180 days data NOWCHSt ENCOOS, 54)
Archive € * 180 days filled data . _
= —_— « lat, lon, time 5| Run models: Time(to run:
- Source data *  land mask * Pseudo-nitzschia (Pn) > mirjutes
*  2.5GB each (7.5 GB total
O DINEOF results Sl <l * particulate domoic acid (pda)
(a4 "4 * cellular domﬁc acid (cda)
q Downsample to ROMS resolution
ﬂ: nel;%DdM f;'ll(le JChl rags rsss Pn, cda, pda netCDF4 files
Ll « land mask * lat, lon, time
300 MB (150 MB compressed) * 100 MB each
U] Maps
:' T|me torun: 3xEOFs=2.5-5 hrS Timeseries

\/ Use in forecastt script Courtesy of CoastWatch West®Coast
(next slide)




From Prep Satellite data

(last slide) Forecast (CeNCOOS, 54)

Run advection model 3-day ROMS forecast
using forecast u & v vectors * uandvcurrents

tCDF4 fil ﬁ Chl, r488, r555 .nc files
ne e Using advection model results * 180 days filled data
* 180 days filled Chl, r488, r555 d | fillad Chll 488, 555 olus 3 advected days
* lat, lon, time advect lastest fille ’ ’ —> . lat, lon, time
* land mask forward 1, 2 & 3 days *  land mask
300 MB (150 MB compressed) *  ROMS resolution
* 100 MB each

From CoastWatch

Run EOF on advected Chl, 488, 555 I

(using 180 days of filled data) .
D - 3 advected days are filled
Last 180 day plus |
3-day IRO'V'S forecast Run pn, cda & pda models
* salt,

with forecast data

* temp ﬂ
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Maps, timeseries
Time to run total: 56 min Pn, cda, pda netCDF4 files
Adv. model: 10 min * 3days da'Fa
Data advection & EOFs: 36 min * lat, lon, time
Pn, cda, pda models: 5 min * 2.5 MBeach

Courtesy of CoastWatch West?Coast




2014 FEASIBILITY STUDY - SKILL ASSESSMENT
Contingency Plots to Assess Model Performance - Optimize Prob. Threshold

Lag
E All Stations — Pseudo-nitzschia All Stations - Pseudo-nitzschia
= =
wi - = || AUC =047
= F 3
= B o 2 o | PN model at all CA pier..
3 g © o . .
O : : monitoring stations
O E: S =4 (AUC~0.50) .
(a] ¢ z
o 8 o
LLI [ £ 7
> _ .n C
- . All Stations - Pseudo-nitzschia
] 2
.- . ~ || AUC = 0.47
o z
d:E E o T o
s ° 2 °
< B |8
5 3 "- 5 o
a. £ z
—— Accuracy| - 2
B o --- POD é e 3
------ FAR : a
m -- POFD g
:'J e =~ BS 0.52 S 2 -
| | ! ! | [ I I [ |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Threshold Probability of False Detection (1-specificity) 30
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ey e s e g -




US EPA ARCHIVE DOCUMENT

ECOHAB — R/V Carson Day Cruises (May 12 —June 5)

pDA [ng/L]
2000 4000 6000 8000 10000
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LESSONS LEARNED... so far

Communicate early and often with partner
agency/operational end-user

Be prepared for leadership turnover at agency level
Carefully document and annotate your model system

Stay flexible - do not get wedded to one idea of a model’s
“forever home”

Continue R&D efforts - operational does not mean perfect
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