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) What Are Ecological Forecasts?

eEcological forecasts predict likely changes in ecosystems in
response to environmental drivers and resulting impacts to
people, economies and communities.

eEcological forecasts provide early warnings of the possible
effects of ecosystem changes (e.g., harmful algal blooms,
hypoxia, etc.) on coastal systems and human well-being with
sufficient lead time to allow for corrective or mitigative
actions.




NOAA Ecological Forecasting Roadmap:
Missions Supported

“Our job is to build an understanding of
the Earth, the atmosphere, and the
oceans to transform that understanding
into critical environmental

intelligence: timely, actionable
information, developed from reliable
and authoritative science, that gives us
foresight about future conditions ™

Dr. Kathy Sullivan
NOAA Administrator

Legislation and Executive Mandates
Pertinent to the Ecological Forecasting
Roadmap

*NOAA Administrative Order 216-108 “Requirements
Management”

*Harmful Algal Bloom and Hypoxia Research and Contrel
Amendments Act of 2014 (Public Law 113-124)

Chesapeake Bay Executive Order
*The Coastal Zone Management Act

«Coral Reef Protection Executive Order/Coral Reef
Conservation Act

*Magnuson-Stevens Fishery Conservation and
Management Reauthorization Act

Clean Water Act
*National Marine Sanctuaries Act

Marine Mammal Protection Act




NOAA'’s Ecological Forecasting Roadmap:
7 What we will achieve

eStrong science to enable delivery of forecasts

eDelivery of more products and services building on existing
NOAA and partner capacity

eDelivery of more consistent, efficient, reliable, and national
forecasts (tailored to region-specific needs)

EF Portfolio Manager:
Allison Allen, (NOS),
]
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Ecoforecasting In Action: HABS

An algal toxin in Lake Erie contaminated the drinking water used by Toledo and many of its suburbs 1n
August. 2014. It prompted a "do not drink" advisory for parts of three days and fueled public

discussions about what created the problem and how to prevent it from happening again.

Saturday, Aug. 2: City issues ’do not drink’ water advisory

Over a half million people impacted by

“Do Not Drink Advisories” in Northwest Ohio
and Southeast Michigan.

(August 1-3, 2014)




Harmful Algal Blooms in the U.S.
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Status of a National HAB Forecast System

WA: proof of

concept G.Maine:
research
demonstration
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research
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Cyst Counts, Sediment layer 1cm
NOAA cruise EX-14-05 Okeanos Explorer, October 14 - October 22, 2014

Forecast: New England’ s spring and
summer red tides will be similar in extent z
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"This partnership on the Gulf of Maine seasonal HAB forecast and use of
ESPs to detect toxic red tide offshore are examples of NOAA's role in
improving ecological forecasting capabilities along our coasts,”

-Holly Bamford, Ph.D., Acting Assistant Secretary of Commerce for
Conservation and Management




Lake Erie HAB Bulletin, 29 Aug 2014
Created since 2009

Experimental Lake Erie Harmful Algal Bloom Bulletin

from Satellite Data + Current Models

National Centers for Coastal Ocean Science and Great Lakes
4 September 2014, Bulletin 20
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The bloom has moved east past the Pelee and the Bass lslands, with the eastern edge extending past Point Pelee.

The most intense area of the bloom remains in Maumee Bay. Scum was seen in this area yesterday when winds u

calmed to less than 10 knots. The bloom has moved away from the Ohio coast from east of Toledo S u b S c r I b e rs p I u S
b I I

to Port Clinton.

Winds will increase today and tonight. Through Friday, southwesterly winds will keep the bloom mixed around the
islands. Northerly winds on Saturday will mix the bloom over the entire area. Calm weather is expected Sunday
and into Monday, increasing potential for scum in the medium to high concentration areas. The bloom will
continue an eastward transport over the next few days.

The imagery shows the persistent bloom in Sandusky Bay is present.
There are no reported harmful algal blooms or suspicious features in the Eastern Basin at this time.

-Dupuy, Stumpf

Eastward Water Velocity at Surface

Figure 1. Cyanobacterial Index from NASA's MODIS-Aqua/Terra data
collected 3 September 2014. Grey indicates clouds or missing data. Black

represents no cyanobacteria detected. Colored

pixels indicate the

Figure 2. Nowcast position of bloom for 4 September 2014 using
GLCFS modeled currents to move the bloom from the 3 September
2014 image.

presence of cyanobacteria. Cooler colors (blue and purple) indicate low
concentrations and warmer colors (red, orange, and yellow) indicate high
concentrations. The estimated threshold for cyanobacteria detection is
35,000 cells/mL.

NoAN NOS/CO-0Fs. 42N
Winds ot 5063073, Marblehead OH
From 2014/08/28 0000 LST 1 2014/09/04 2359 ST

Speed in knots

80w
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Averaged forecasted currents from Great Lakes
Coastal Forecasting System over the next 72 hours.

Supported by the NASA Applied Sciences Health and Air Quality Program.
Wind forecasts derived from NOAA/National Weather Service in Cleveland.
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...also ground-truth sampling and toxin testing




Daily nutrient load data into Lake Erie
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2014 forecast

Merged NOAA-U.Toledo
severity index
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Lake Erie Harmful Algal Bloom Early Season Projection
The severty of the western Lake Ede cyanobacterl harmiul algal bloom (HA8) s dependent on pho sphorus
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This experimental product nvo ves e Maumee River pho spharus ibad data from Heid ebeng University's
Nationd Center Sor Water Quality Seceaschand the western Lake Ede bloom severity models by NOAA'S National

—— L]

“Based on data from March 1 to this week, the extensive
severe blooms observed in 2011 and 2013 are not projected
to occur this year. So far, this spring has been relatively
dry, resulting in less discharge and lower phosphorus loads
into the western basin. Heavy rains on May 31 have caused

relatively small adjustments in the projection based on the
NOAA River Forecast Center projection through June 6. The
range of uncertainty continues to decrease.”
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e\/ision:- national operational forecast network

e Within 5 years:

e operational forecasts in Gulf of Maine, Gulf of Mexico (FL, TX),
Chesapeake Bay, Lake Erie, PNW, California;

e Progress towards establishing operational systems in NY (Long Island
Sound), Alaska, Caribbean, other regions

e Capacity for National Forecast and
Early Warning for Event Response to HABs
(FEWER HABs)

Gulf of Menco Harmful Algal Bloom Bulletin
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Conditions Report

Very low to high concentrations of Karenia brevis (commonly known as Florida Red
‘Tide) are present along- and offshore soutirwest Florida, a5 well as offshore the lower
Florida Keys. Alongshore orthern Sarasota County, patchy low respiratory impacts are
possible today through Thursday. Alongshore southem Sarasota County, petchy moderate
Tespiratory impacts are possible today throush Thursday. Aloagshore Charlorte County,
‘patchry low respiratory impacts are possible today through Thursday. Alongshore Lee

ratory impacts possible on Tuesday; low
respiratory inmpacts are possible today, with pazchy moderate respiratory impacts possible
through Thursday

‘patchy moderate respiratory inpacts are possible today, Wednesday, and Thursdsy, with
Bechyligh iy impacr posible o Toesdey . Alngsonssouen Coles md

Monroe counties, patchy low respiratory impacts are possible today and
duy vith patchy very low respiratory impacts possible Wednesday and Thursday. No
‘piratory impacts are expected elsewhere alongshore soutiwest Florida, including the
Florida Keys, today Thursday, February 28. Over the past several days, reports of
respiratory irritation were received from Sarasota, Chariotre, Lee and Collier counties
Reports of dead fish were received from Lee and Collier counties

Analysis

A harmful algal bloom of Karenia brevis i present along- and offshore soutiwest Florida
fom Sarasota to Collier cownsies, with X &nis concentrations rauging from ‘ot

present’ 1o "high'. Hamfiul algae has also been identified offshore the lower Florida Keys.

Recent samples from Lee County identfied 'medium’ to "high' X brevi concenrations
throushout the Pine Island Sound region, “very low b’ and "high’ concentrations along-
shore Sanibel and Captiva Islands, respectively, and ‘medium:” concenations alongshore
sbel Island) and several locations alongshore souher Lee County
(FWRL 2/20-21). "Low 2" to "low b’ concentrations were identified alongshore northem
Collier County, with ‘medium’ concentrations identifisd alongshore South Marco Beach
(FWRL CCPCPD:; 2.21). Several samples collcted alongshore and in the bay regions of
ot present, with only one sample indicating
Respiratory iritation was reported along

Oxluxmdﬂnberxz\sm" 14.20d 220 (MML).

In recent MODIS Aqua imagery (223, shown lef), elevated chlorophyll (410 iz’L) is
visible stretching along- and offshore the southwest Florida coastine fom Sarasots to
Colier counties, with patches of hish to very high chlorophyl (11 1020 #g/L) visible

20) were visible along- 2nd offshore Collier to Monroe counties. These:
continue to be monitored as imagery bacomes available. Imagery throughout the Florida
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FOR IMMEDIATE RELEASE: May 1, 2015

State cautions against eating recreationally harvested shellfish from Alaska beaches

Confirmed case of paralytic shellfish poisoning near Ketchikan is reminder of danger

ANCHORAGE — A confirmed case of paralytic shellfish poisoning last week has prompted
epidemiologists with the Alaska Department of Health and Social Services to remind Alaskans and
visitors about the risk of paralytic shellfish poisoning, or PSP, when consuming recreationally
harvested Alaska shellfish. All shellfish— including clams, mussels, oysters, geoducks and scallops
— can contain paralytic shellfish poison. Crabmeat is not known to contain the PSP toxin, but crab
guts can contain unsafe levels of toxin and should be discarded. Commercially

harvested shellfish are tested and considered safe.

Although clam diggers often look for signs of a “red tide,” there is no way to tell if a beach is safe
for harvesting simply by looking at it. The toxins that cause PSP can be present in large amounts
in shellfish even if the water looks clear and no algae bloom is present. Additionally, PSP cannot be
cooked, cleaned or frozen out of shellfish.




HAB Operational Forecast System E
Concept: National Capability, Regional

e Ocean Color, HF Radar

e Public Health Data, In
Situ Observations

« Hydrodynamic Models
e Met Forecasts (Winds)

« Biological Models

o Climata Prodictinnc J

e Web Services, Web Mapping
Services

Continuing
Research to
Refine

e Can ingest all formats (ASCII,
GRIB2, netCDF, etc)

« Export mapping tools for multiple
formats (.shp, .kml, .geotiff, etc)

In'ﬂgﬁgn

SOP’ s, Expert
System Rules

&} Progcts

Specific Operational Products
» Web Updates

« Skill Asseggments

nd experimental products




What are Dead (Hypoxic) Zones?

Coastal waters with unusually low dissolved oxygen that

Healthy bottom
community - habitat

and food for fish
Source: by Rochelle Seitz, VIMS

can Kkill fish and destroy critical habitat

100% Saturation
7 to 8 mg/l*

Normal Activity & Behavior
3to4

Avoidance by

Mobile Fauna Begin Fishes

to Migrate to Higher
DO Areas 2.0
- Fishes Absent

Shrimp & Crabs
Absent

Fauna Unable to Escape
Initiate Survival

Behaviors
Burrowing Stops

Stressed Fauna
Emirge & Lay on
Sediment Surface

Mortality of Sensitive
Fauna

Mortality of Tolerant

Fauna
Formation of Microbial

Mats

Sediment Geochemistry {1¥
Drastically Altered Hydrogen Sulfide Builds Up

in Water Column

No Macrofauna
Survive 0

Based on Diaz and Rosenberg (1995) and Rabalais et al. (2001)

Dead Zone — most
higher forms of
life absent




Three Largest Hypoxic Zones in US
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Hypoxia Forecasting Next Steps

Transition experimental Hypoxia

forecasting (e.q. Finite Volume Coastal
Ocean Model + Texas A&M Hypoxia Module)

Implement Gulf of Mexico Hypoxia “&
Monitoring Plan - new technology -

Link monthly/seasonal hydrology and- e
precipitation forecasts to hypoxia —_— T \“‘a k]
mo de[s , Bottom Oxygen [mmol/l] e

Explore concept of operations for
scenario forecasting

TXLA-OOF
AN wed, 27 Jul 2011




Vibrio parahaemolyticus (Vp)
Vibrio vulnificus (Vv)

e Naturally occurring bacteria in coastal waters

¢ Vv responsible for 95% of all seafood related
mortality

e Vp estimated at 80,000 cases per year

e Over $300 million annually in health care costs
alone.
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Approach
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Latitude

Probability(%) of Vibrio vulnificus in the Chesapeake Bay
CBOFS Model Run:20130709/0000 Daily Forecast for:20130709
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Nation
Approach

« Definition of products
needed

e Resources for model

Engagement development J

« Vibrio Observations?

e Circulation Model/

Gap Analysis Satellite Coverage?

.. data collection system
Empirical

model « Statistical Analysis
development

« Existing data resources/}

« Skill Assessment
Quality « User Feedback and

Control/ refinement J
Feedback

« Forecasts/ guidance
models

» Secondary products

NOAA « Continuous observations

Product and assessment




FY 15 Pilot Project

eKey Targets of FY15 Project

= Towards an operational forecast for Chesapeake Bay

= Publish concept of operations for Vibrio vulnificus (Vv)
model in Chesapeake Bay

= Complete model skill assessment for Chesapeake Bay
occurrence of Vv in water

= Supporting FDA and the shellfish industry
= Finalize development of specific guidance models with FDA

= Make operational a webpage of Vibrio guidance and weather
tools for shellfish harvesters and regulators

= Assessing user needs and requirements
= Stakeholder workshops for Puget Sound and Mid-Atlantic




Why Produce Ecoforecast for Habitat
& Species Distributions?

Identify priority habitat restoration areas based on higher
probability of success (e.g., resiliency)

Forecast and understand species responses to climatic
changes (e.g. increased water temps; changes in salinities)

lll. Forecast gain/losses in ecosystem services provided by
habitat and animals (e.g., coastal protection)

IV. Forecast ecological hotspots for protected species

V. Define & evaluate survey design (e.g., adaptive sampling)




Habitat Science and
EcoForecasting

e Purpose: To understand & forecast how
changes in benthic & water column
habitats impact species’ distribution &
abundance.

Requires focused efforts on scenario-

based forecasting across multiple
spatial & temporal scales due to the

magnitude & complexity of habitat
modifications.

Utilize NOAA investments in
computational capacity to develop




Statistical Downscaling and Coastal Environments

* Estuaries and nearshore coastal environments are closely linked to climate variability

* Potential for strong response to climate change

* Global climate models are too coarse to resolve local dynamics, so must be downscaled to

the area of interest

» Statistical downscaling: relies on present-day
relationships between regional and local-scale
processes

* Procedure:

1. Locate long-term, historical in situ time series

2. Extract global climate model historical and future
projections for same location

3. Use regression, quantile mapping or other
mathematical techniques to replicate past
variability

4. Apply to future projections

GFDL CM2.1 Global Climate Model

40° N

35°N

30°N

Saba et al.

RR%\W RRO\W

-1.0 0 +10 +20 +3.0 +40 +50 +6.0
Bottom ocean temparature change (°C)



Wide Range of Space and Time Scales,
Linked to Different NOAA Information Need

MANAGEMENT INFORMATION NEEDS:

Operations; | ot Mar.mgemen t National policy ~ Global policy
Response; :a-lsaec::::r;iygrzyaer:?nt geSIgn & Review g Jegislation and change
A Impact-avoidance P g rocesses

10% km teb change forecasts

Global

Ocean acidificat on effects on fish and
103 km - _ habitat'(coral, siilbmerged vegetation)

I_ Fish population and yield

10% km HAB event impacts on fish and hat itat forecasts .
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10 km Coral bleaching long-te m

impact scenarios

SPACE SCALE

Local

aled climate scena

Fish Habitat/Distribution e

Deep-sea coral
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Variable HABs

Temperature X
Salinity X
Dissolved Oxygen

Chlorophyll X
Concentration and its
Anomaly

Remote sensing X
reflectances

Attenuation
Coefficient

Nutrient
Concentration (NO3,
PO4)

River Flow

pH

Current velocity X
Upwelling Potential X
River plume location X

| Species X
counts/biomass &
toxicity / virulence

Forcing for X
Atmospheric,

Hydrodynamic, or

BGC models

Ecological Forecasting Themes
Pathogens
X

X

Hypoxia
X

X

5 Team

Prototype/
Test Beds

NGOs, Academia




NOAA's Ecological Forecasting Roadmap

Ecological Event
Outlook

i

Ecological Event
Prediction

1

Ecological Event
Forecast

4

Ecological Event
Warning

Recovery

Forecast
Uncertainty

Seasons
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IMPACT-BASED DECISION SUPPORT

Planned Response

Preparation: to Avoid, Control, Mitigate, Recover




Injuries, fatalities,
mental health impacts

Severe

’ Weather
Heat-related illness

and death,
cardiovascular failure

Environ-
mental
Degradation

Forced migration,
civil conflict,
mental health impacts

Water and Food
Supply Impacts

Malnutrition,
diarrheal disease

Asthma,
cardiovascular disease

po|ﬁ,l:ion Malaria, dengue,

encephalitis, hantavirus,

Rift Valley fever,
Lyme disease,
chikungunya,

West Nile virus

Changes
in Vector
Ecology

Increasing

Allergens Respiratory

allergies, asthma

Water
Quality Impacts

Cholera,
cryptosporidiosis,
campylobacter, leptospirosis,
harmful algal blooms




Components of an Early Warning
System—for multiple time scales

Population
Demograpnics,
Jransportation’and
viigration

Epiaemiological
Surveillance

Ocean, Climate and
Environmentai
Opservation;
Vionitoring and

orecasts

Sociallana
Benavioral Factors

Additiondil
SdMpiingy

OENSING

RISK'Analysis;

vainerability

SOMMUNMCAUoN

dNGPACHON




Alaska Vibrio Outbreak

McLaughlin et al. N Engl ) Med 2005;353:1463-70

Figure 3. Number of Patients with Vibrio parahaemolyticus Infection Associated with Oysters from Farm A, According to
the Harvest Date, and Mean Daily Water Temperatures at Farm A,

160°W 150'W 140°W 130°W 120W

Joaquin A. Trinanes & J. Martinez-Urtaza  NOAA/AOML (USA)-University of Bath (UK)-Univ. of Santlago de Compostala(Spain)

® 2004 - 62 cases

associated with
shellfish
consumption.

e Vp 0:4K:12 -

transported from
Puget Sound

High proportion
tdh+

Martinez-Urtaza, Bowers, Trinanes, and Depaola (2010) Food Research Int.




Some Climate Priorities...

eHigher resolution in coastal and near shore environments
e Air temp used as a proxy for SST in Chesapeake and AK

ePreferred time scale is for vibrio and HABS:
e2-3 month lead time for seasonal prediction to manage harvest

e decadal shifts in SST and salinity to manage placement and
human exposure with changing seasonal windows and changing
geographic shifts based on sst and salinitiy (ie moving into AK,
ciguaterra moving out of caribbean but moving northward)

eFor hypoxia: climate predictions on both seasonal and
decadal time scales

e Seasonal for for near-term marine resource management
e Decadal for policy/planning




Questions’

Allison.Allen@noaa.gov
301.713.2981 x161 (0)

240.638.6882 (c)




