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Short Term HAB forecasting:



Key elements of HABs monitoring
and observations

Developing approaches
for minimising their negative impacts

Monitoring Programmes
Phytoplankton
Toxin Analysis

Satellites
SST
Ocean Colour

Models
Particle Tracking
Biological behaviour

History
Bay Profiles
Previous patterns



Monitoring Network

>90 Sample Locations

2 Phytoplankton labs
1LCMS/HPLC Toxin Lab
1 Molecular Lab

Central Database located
in M| Galway

Report of these results
compiled at Ml

Toxins / Phyto reports
issued by E-Mail Website
& SMS

~95% results reported
within 3 working days



OBJECTIVE

A Copernicus

downstream service to
the European
Aquaculture Industry
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The delivery of a 3-4 day Harmful Algal
Bloom forecast for the aquaculture industry
situated along Europe’s Atlantic margin




Why develop a HAB alert system?




Why develop a HAB alert system?




How?
An integrated approach

1.

A HAB forecast system requires co-operation
of scientists in collaboration with
policy makers and stakeholders

Knowledge of regional physical processes
and HAB dynamics (OCEANOGRAPHERS)

Select test sites where a good datasets of
HABs has been established (NMP)

Select target HAB species to model
(BIOLOGISTS)

Use all available existing resources e.g.
NMP, satellite, observational and simulated
data (OBSERVATIONAL PROGRAMMES)

Develop model(s) using historical data,
validate and fine tune the model based on
the outcome (MODELLERS)

When happy with results move on to
nowcasting and forecasting (EXPERT
OPINION / COMMUNICATIONS)



Tools used in the HAB alert system

Nowcasting

1. databuoys
2. satellite imagery

Image of the real-time
data buoy just deployed
in a bay SW Ireland



Tools used in the HAB alert system




Tools used in the HAB alert system

Nowcasting

3. NMP data (HABs & biotoxins)



Tools used in the HAB alert system

Nowcasting: NMP HABs

Karenia mikimotoi cell
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Tools used in the HAB alert system

Nowcasting: biotoxins

Blue mussel Pacific oyster Native oyster

AZP

DSP
PTX

ASP
PSP



Tools used in the HAB alert system

Nowcasting

4. surveillance on the ground
- Irish Coast Guard: samples, images, video
- Navy: samples
- Alr corp.: images



Tools used in the HAB alert system

Phytoplankton sampler

Nowcasting

Irish Coast Guard

Coast Guard Units
[54 are crewed by 950 volunteers]

Collaboration with 5 key located bases
* 1 x south: OLD HD. KINSALE, Co. Cork

* 2 x southwest: GOLEEN and TOE HEAD, Co. Cork
1 xwest: CLEGGAN, Co. Galway

e 1 x north: MULROQOY, Co. Donegal

4 x Helicopters on contract from C.H.C. Ireland Ltd.

e 4 aircraft (Sligo, Shannon, Dublin and Waterford
airports); two types of Sikorsky helicopters



Example of the importance of the Coast Guard collaboration

2012 high biomass bloom of Karenia mikimotoi ...

Impact of bloom onshore

Distribution of daily surface chlorophyll a and Karenia mikimotoi cell concentrations
in waters around Ireland, 19 July 2012. An IRCG surface sample confirmed

predominance of Karenia mikimotoi at the periphery of the high chlorophyl
signature off NW coast.




Tools used in the HAB alert system

Irish Defence Forces

Naval Service:
* 8 ships

Air Corp
* 6 helicopters
e 17 other aircraft

CASA CN235

Images taken by Air Corp off NW coast in July 2012
No sample: looks like Noctilluca scintillans ?

Nowcasting



Tools used in the HAB alert system

Forecasting

1. Langrangian models
2. Eularian models
3. IBM



Tools used in the HAB alert system
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MI example: langrangian model



Tools used in the HAB alert system

Langrangian model used
during 2012 Karenia bloom

Three day forecast trajectories of

By 2012 iy 2012 oy 2012 ROMS virtual particles displayed on
Google Earth, July 2012. Green filled
circle denote the starting point, red

11 July 2012 13 July 2012 14 July 2012 . . .
filled circles the physically forced
particle dispersion from the point of

15 July 2012 16 July 2012 17 July 2012 Orlgln Over a 3-day perIOd- Date
below each forecast represent the
start date.

18 July 2012 20 July 2012 21 July 2012

22 July 2012 23 July 2012 25 July 2012

2012 Irish ASIMUTH field campaign

25 July 2012 [2"™ run] 27 July 2012



Tools used in the HAB alert system

Forecasting

1. Volumetric Fluxes

Volumetric fluxes through various sections of
BANTRY_ROMS model domain.
red = upwelling, blue = downwelling events.



Tools used in the HAB alert system

Bantry Bay mouth: Volumetric fux
05 March 06 March 07 March

date given = end forecast

Forecasting

08 March 09 March 10 March

1. Volumetric Fluxes

11 March 12 March 13 March Bantry mouth: since January

Not available

14 March

Vertical sections through a transect at the entrance
to Bantry showing tidally-averaged volumetric
fluxes. Currents entering the bay are shown in red,
outward currents are blue



Model output tools developed

Shot Head cross section: Waters will be
stratified (colder less saline at the surface).
Strong inward directed currents evident (62 %
greater than average).

Forecasting

1. Volumetric Fluxes
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Mouth cross section:
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average.

ouT

b b
-
< 1doq

-1

Week 10: 5 March — 11 March, 2013



Model output tools developed

Bantry mouth: end forecast at 14_03_2013-0000hrs

Surface 20 metres Bottom
Mizen Head: end forecast at 14_03_2013-0000hrs

Surface 20 metres Bottom

Spatial distribution of particle-hours following the
release at the water surface, 20 m and bottom
along the transect at the entrance to Bantry Bay
and off Mizen Head.

Forecasting

2. Particle Transport



Model output tools developed

Forecasting

3. T, S & Rho profiles



Delivery system

Developed by Starlab, Barcelona



Bringing it all together

Air, sea & ground
based systems &
instruments

TAC = Thematic Assembly Centres

MEC = Monitoring and Forecasting Centres

My Ocean = FP7 project, the GMES « Marine Fast Track » project










































CHANGES IN HABS:

Based on the UK and Rol national monitoring
programmes for HAB species, there is
evidence that no ‘new’ HAB species have
become established in UK and Rol waters
through climate driven range expansion or
human introductions.

Bresnan et al 2013
Marine climate change impacts partnership:
science review



CHANGES IN HABS:

Increase in Phytoplankton Biomass in CPR data from the NEA and North Sea
Both in coastal water and open sea areas

Link appears to be with warmer temperatures

Edwards 2004



CHANGES IN HABS:

High Biomass Species:
Karenia mikimotoi
Increase in incidence has been suggested as a 2005

Potential impact of climate change June-August
Bresnan et al (2010)

2012
May - September



CHANGES IN HABS:

Shellfish toxins:)
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CHANGES IN HABS:

Summary

 There is evidence to show that there is a prolonged growth season

Since the mid 70’s which is concurrent with elevated sea water

temperatures in the NEA and North sea

 There have been some prolonged occurrences of both high biomass

blooms that have resulted in various vertebrate and invertebrate mortalities

e There have also been various shellfish toxic episodes of various severity

and duration observed in the same time span

 The time series of these HAB events is not sufficiently long to judge whether there
is a climate change involvement in these observations



CHANGES IN HABS:
WHAT COULD HAPPEN...

4 ] )
e Increase in SST may

facilitate expansion of
warmer water species into
colder regions

e Gymnodinium catenatum or
Ostreopsis spp. into Irish
waters

-
¢ Onset of stratification

Sea Surface

Temperature

earlier in the year will
favour Dino growth for a
longer duration

¢ Increased wind may reduce
stratification and favour
diatoms

Stratification

(- Changes in light, pH,
temperature and nutrient
supply affect the toxicity of
certain species

-
e Complex relationship that

Algal Toxicity

has yet to be fully resolved.
¢ Low pH may affect the ratio

of nutrients important for

phytoplankton growth

Acidification

r
¢ Elevated freshwater

N\

discharges due to increased
precipitation may increase
the nutrients and
stratification in coastal areas

¢ Increased turbidity

Runoff and

Flooding

r
¢ Variation in oceanic currents

may influence ecosystem
structure

Oceanic

Circulation




CHANGES IN HABS:
WHAT IT MEANS FOR
SHORT TERM FORECASTING...

Monitoring Programmes
Phytoplankton New HAB species may be observed, their relevance as yet unknown

Toxin Analysis  Novel toxins, of unknown severity observed. Early warning unknown

Satellites
SST Leading to range expansion towards polar regions
Ocean Colour  Hish hiomass blooms, and turbidity

Models
Particle Tracking Alterations in coastal currents
Biological behaviour Improved models that take biology into account developed

History
Bay Profiles

: Historical patterns will be less relevant
Previous patterns



This project is supported by the EC FP7 Programme, Space Theme, Grant
Agreement No.: 261860
www.asimuth.eu
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