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Bloom Operational Forecast System (HAB-OFS) has provided year-round operational Du ring Active Blooms in FY12 & FY13
forecasts of the potential for Karenia brevis bloom formation at the coast, transport, | | Table 1. Descriptions of the three outreach tools implemented by the HAB-OFS team in FY12 & FY13. 14000
intensification and associated respiratory irritation for the Gulf of Mexico region. "
Although the HAB-OFS has focused on maintaining high quality forecasts and refining UPDATE TARGET LAUNCH -
the forecast system through research and development, the continued success of the OUTREACH TOOL DESCRIPTION/PURPOSE FREQUENCY AUDIENCE DATE ‘v 12000
HAB-OFS is also dependent on reaching its target audiences with useful information. : :;
. . . "> * Provides updates on HAB-OFS
The forecasts are communicated through two main products, the public conditions o L 10000
report and the technical HAB bulletin. These products are both intended as decision activities and new product o
support tools: one for the general public and the other for a more technical audience developments. Bulletin FY12 Q4 el
that includes coastal resource managers, public health officials and researchers. After Newsletter i Quarterly i s 8000
. rce managers, p | chers. Aft * Answers frequently asked questions subscribers 8/8/12 Q
almost ten Years in op.eratlons, !t remam.s a challengg tq susftaln communication with and gives additional product B
current audiences, while attracting new interest. Beginning in August 2012, the HAB- 6000
. ; . . background. o
OFS team launched a coordinated outreach strategy with the goal of increasing 0O
awareness of the HAB-OFS program and its products among potential HAB bulletin e
users and the general public e Dij i i iti @ 4000
g public. Disseminate public conditions reports. o
NOAA HAB (Red Tide) | « Network with HAB-OFS partners. 2 to 5x per bublic FY12 Q4 &
METHODS Watch Facebook Page | * Share news and inspire public interest week 9/7/12 5 2000
in HABs. =
Goal 0
To reach more people with important public health information by 0O
I T ct Nov Dec Jan Feb Mar
increasing the number of people that use HAB-OFS products: Criteria-based product, d.lssemmated , .
. L . . oy NOAA’s NWS for a variety of coastal Public WFY12: Pre-Outreach B FY13: Post-Outreach
e |ncreasing subscriptions to the bulletin. National Weather 9 A needed (only FY13 Q2
Nediy . " . nazardes. ’ only in
. , Service (NWS) Beach . . e L . ' iSi ’ - i ' '
Inc.reasmg views of the public conditions report Hazardg Statément + Disseminated when “high” levels of daily Tampa Bay 2/4/13 Figure 3.. Number of visits to NOAA’s HAB-OFS W.EbSIte during active
Metrics Used for Assessment respiratory irritation are forecasted by WFO) ?Iooms in FY12, before the outreach tools were implemented, and
1. Increase bulletin subscribers by 20% over FY12. the NOAA HAB-OFS. Y13, after outreach tools began to be used. The newsletter and
2. Increase requests for bulletin subscription and other information by ~acebook page were launched on Aug. 8 and Sep. 7 of FY12, while the
25% over FY12. T TS NWS Beach Hazards Statements were launched on Feb. 4 of FY13.
3. Increase # of website visits per year by 25% over FY12. | B |
Outreach Tools (see Table 1) RESULTS & DISCUSSION
a N Requests for HAB Information Increased Dramatically in FY13
MORE ABOUT THE BEACH HAZARDS STATEMENT i s o+ I e ® In FY13, inquiries from bulletin subscribers and the public increased by 182% over FY12
Since June 2012, NOAA’s National Weather Service (NWS) has been testing public ' e i a { NOAA OFS liI I‘f‘;"’“ o levels.
. . : ¢ Q At HAB- ewsletter
alerts. for. coas.tal hazards SUCh as frip curr.ents. Following user meetings and K . , virelmm?mm&mmsqﬂmwmemuedal{ﬂa}cﬁhaﬁmmmwm * Throughout FY13, there were more information requests than in FY12, indicating that
coordination with HAB-OFS Florida partners, in February of 2013, the NWS Tampa 2 G L s uon ot s ey outreach tools such as the HAB-OFS newsletter and the Facebook page may be successful
Bay weather forecast office (WFO) began issuing alerts for HABs when the HAB- % | NOAA HAB (Red Tide) Watch e Nt 044 HAD-OFS  Recab of EAD-OFS L ulletin. + Uderstanding Cell Cocentraton methods for encouraging dialogue with the public.
. . . « . . #Tment oF €© 338 likes * 27 talking about this Our HAB Forecasts Have Ventured into the Social Networking Realm
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Weather Radio and other NWS systems. The messages include HAB-OFS forecasts o 45 OF v, ot it an o soche o (L
, , _ Y & , Lock “" the '“E'F’ below “’”"E latest forecast B e 10 T NOASs Had P o Encebech ond Sharh o pores * In FY13, the number of visits to the HAB-OFS website increased by 29.7% over FY12 levels.
and links to more information from NOAA and HAB-OFS Florida partners. Gk \ - Read watches, pontact b e noaagor . . . . .
f warnings & el to Florida, Gathers Partner Feedback Since there were blooms present in Florida and Texas in both FY12 and FY13 for similar
m___m ) advisories iﬁﬁﬁwﬂéﬂgﬁﬁgﬁmﬁ%ﬁ?ﬁ amounts of time, this is unlikely to be due solely to bloom activity.
inti i i ~X Gale Warnhn Tﬁmﬁ%ﬂﬁﬁﬁ?&ﬁ%ﬁ%ﬁﬁg * During the release of the Beach Hazards Statements in February and March of FY13, website
Number of Subscription or Information Requests Received | T " T s g b e oo W e g y
. : : L Small Craft Advisory :Efﬁﬁﬁﬁ%ﬁ?ﬂﬁﬁﬁﬁﬁ&mEi‘“&hhmﬁrﬁm“ﬁ visits increased by 202-284% over FY12 levels.
During Active Blooms in FY12 & FY13 rlwm richey /(53| | |Rip Current Statement = GYRD, i nchied brtony s, denitn of Gl gl , A i ,
T, I S L s Beach Hazards oo Tesorts et e or SaMaatng o sy b Bulletin Subscription Requests Increased While Beach Hazards Statements were
-Iu-_: 20 ., -| (0 | [|Statement ghly productiv seies of meetings energized and hopeful. We have begun Released
=. | Marine Weather | L= vorng 1 3%%%%?&@ on g long s of acion froms
! u _ and have already made progress in incorpora several changes.
g > myﬂeamer %é%ﬁﬁfﬁ%ﬁﬂ%@ﬂﬁ“ﬂ ® During the release of the Beach Hazards Statements in February and March of FY13,
O 15 Outlook ised I the waekdly bulleins has een modified o improve caty. ot requests increased 100-600% over FY12 levels.
Hydrologic Outiook Couse o 2t s Wi ke 3 o longe 1 s meeing . - . . .
g ;h:nlermﬁnfeg:m : Geplyed 2 gl our eamstares o it i, v r el * However, bulletin subscription requests did not increase in FY13 overall. In fact, they were
.~ 10 | %fﬁ%ﬁdﬁgﬁﬁ%ﬁﬁ 16.3% lower than FY12 levels, indicating that the Facebook page alone did not lead to
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Q 5 Figure 2. Examples of the three HAB-OFS outreach tools (clockwise from top): /CONCLUSION )
0 a) NOAA HAB (Red Tide) Watch Facebook Page: https://www.facebook.com/Habredtidewatchnoaagov
E 0 b) NOAA HAB-OFS Newsletter: http://tidesandcurrents.noaa.gov/hab/newsupdates.html The Outreach tools utilized in FY13 SUCCGSSfU”y increased visits to the HAB-OFS website
- c) NOAA National Weather Service Beach Hazards Statement: http://www.nws.noaa.gov/beachhazards| | and the use of the public conditions reports. In fact, the NOAA Facebook page has
< Oct Nov Dec Jan Feb Mar followers not only from the Gulf of Mexico region, but from around the world. Although
. * these tools alone did not increase requests for bulletin subscription, they did encourage a
FY12-Information ReqUEStS FY13-Information Requests ?Ckl'll?rlfdtgﬁrg&r}tgo oPS | ally HAB analysts), National Centers for Coastal O i dialogue among users, which continued throughout the year, even when a bloom was
CL . pecial thanks to s CO- especially analysts), National Centers for Coastal Ocean Science . : : .
B FY12-Subscription Requests M FY13-Subscription Requests N e PP P e not present. This increased feedback is valuable for improving the HAB-OFS products.
Ei 1. Numb f subscrioti | inf t ; ved b The development and implementation of these outreach tools, especially the NWS Beach Hazards Addlthnal methods for. increasing bulletin subscription may be .EXplorEd in the future.
Igure 1. Number o Su_ scrlp.lon or gengra Information requests received by Statements, was dependent on cooperative efforts and extensive input from our external partners. NOAA is currently working to address lessons learned from the first HAB Beach Hazards
the HAB-OFS team during active blooms in FY12, before the outreach tools Many thanks to the following agencies: Florida Fish and Wildlife Conservation Commission Fish and Statement test period, with the goal of expanding the statements beyond the Tampa Bay
were implemented, and FY13, after the outreach tools began to be used. Wildlife Research Institute, Mote Marine Laboratory and Florida Department of Health. . Weather Forecast Office (WFO) to WFQ'’s in other parts of Florida and Texas. )
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INTRODUCTION Edward.Davis @“:....3\,/ WEEKLY BULLETIN UTILIZATION

Blooms of the toxic dinoflagellate, Karenia brevis, occur nearly every year in coastal regions of the 7 . e = o
Gulf of Mexico (GOMX) causing potential impacts on public health, ecosystems, and regional FORECAST ACCURACY (%) . = Pl T 57% b L oo
. : . e . ! .y ] 3 % .- - L
economies(2), To aid early bloom identification and response efforts, in 2004 NOAA transitioned a s N it |
. - 30 o
successful demonstration forecast system for harmful algal blooms (HABs) from research to =
operational status with coverage along the Gulf coast of Florida. .y B - 708 E’
_—
NOAA’'s GOMX HAB Operational Forecast System (HAB-OFS) issues weekly bulletins that serve as s i L G0 E
decision support tools for coastal resource managers, federal and state agencies, and academic < 2 =
institutions. In order to continually improve the HAB-OFS, bulletin utilization and forecast skill are = Po = e
BE ony -
evaluated regularly. From May 1, 2004 to April 30, 2012, 697 total forecasts were issued for the E = L a0 E
eastern GOMX resulting in a total of 1623 bloom days spanning 17 confirmed HAB events?). = E - E
Assessment results will be applied to improve HAB forecasts in both the eastern and western S _ R | g
1)
GOMX (Texas), which became operational in 2010. e L ooose R
T — - 209% 10 -
F 1086
- 0% E : :NL? — I -|I"". 7 . 1_5'-;3*15;_5] E"'J.EI'E-_ .
Bulletin Forecasts 0 BYD4-05 # Unassessable []BYDS-06 & Unasessable [ BYD5-07 & Unassessable [ BYO7-08 # Unassessable
* Bulletin forecasts consisted of four components: Transport, Intensification, Respiratory Impacts, | N, R e T e 1o S g Ao 1 o W G S35 s e
and Potential for Bloom Formation associated with the bloom. See Table 1 for descriptions. TEpan e e All ResplratoryImpacts | Formation at Coast :

Figure 2. Bulletin utilization (percent) where at least one bulletin is utilized each week. 8. .
Assessment B BYD4-05  WBY05-06  EBYDE-07  MBYO7-08  MBYD8-09 EBY0OS-10  mBY10-11 mBY11-12 e _.

®* Forecasts were evaluated for accuracy and usability each week based on the following post-
bulletin data.

- CONCLUSIONS

o Bulletin Utilization: Media or public health reports, sampling response, written/ telephone — =
responses or inquiries, etc. RELATIVE FORECAST ACCURACY (FORECAST SKILL) Greater User Feedback and Information is Required to Assess Forecast Accuracy and Bulletin
o0 Transport and Intensification: Satellite imagery and/or in situ sample data. — Utilization

e Respiratory Impact Forecasts have the lowest confirmation percentage and require the greatest
amount of information from users and the public to assess.

0 Respiratory Impacts: Observations of slight to high respiratory irritation within the forecast
area (county) as reported by state agencies, lifeguards, research institutions, and the public.

e Assessment data was grouped by bloom year (BY), e.g. May 1 YYYY to April 30, YYYY. 0% e BY05-06 respiratory forecasts were 54% assessable (greatest), while BY08-09 and BY10-11,
® Some assessment data is subjective and a lack of reporting confirming a forecast does not where there was no bloom, both had 0% assessable forecasts.
necessarily mean that forecast was inaccurate or the bulletin was not utilized. e An average of 85% of respiratory irritation forecasts could not be confirmed per bloom year.
= , X 60% e Potential for Bloom Formation had the greatest percentage of assessable forecasts (99%
Statistical Analysis " . -
= ; — : - = average). These forecasts require a minimal amount of user feedback to assess and are
* Assessability- % of forecasts with sufficient evidence to be adequately evaluated — g —— ; : ——
= A primarily confirmed through MODIS AQUA imagery and in situ cell counts.
® Forecast Accuracy- % of correct forecasts out of the total # of assessable forecasts = a
* Relative Forecast Accuracy- Heidke Skill Score- Proportion of correct forecasts relative to the # = ° All Bulletin Components are Forecast with High Accuracy and Skill
ic i = = e Respiratory impact forecasts had the highest accuracy and skill, but the forecasts are biased
of correct forecasts that could be made by random chance. This is reported as a range - - _ P y imp | g | y . 3
between -100% and 100%, with a score over 0% indicating improvement over random chance toward the observation due to a general lack of impact reporting and because a report of “no
at predicting an event®®). H impacts” cannot confirm the complete absence of impacts in a bloom region.
 Bulletin Utilization- reported as % where at least one bulletin was utilized per week 0% i)y [L_M2 Q@0 | sou e Potential Bloom Formation at the Coast also had a high amount of skill (>20%) but the forecast

MO SKILL
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is also subject to a number of false alarms. This may be attributed to the overall deficiency in
understanding of specific factors that lead to bloom formation. Without knowing if a bloom has
formed offshore or not, the forecast is restricted to predicting the potential for an unknown
bloom that may have formed offshore to form at the coast based on physical oceanography.

Potential Bloom
Formation at Coast

All Respiratory Impacts

Transport Intensification

Forecast Component Definition Forecast Data Used

H BY04-05 ®BY0O5-06 ®BYOe-07 m®WBYO/7-08 WBYD8-09 @BYD9-10 BY10-11 BY11-12

Bulletins Successfully Assist Users

e Overall bulletin utilization where at least one bulletin was utilized per week was >87% each
bloom season.

e |In an effort to increase year-over-year bulletin utilization and further CO-OPS ability to address

NWS forecasted | | | | | specific L.Jser needs, social media and outreach programs were initiated in BY12-13. These

efforts will allow CO-OPS to incorporate a greater amount of feedback from a broader audience

which will be used as guidance for improving HAB-OFS products moving forward.

North NWS forecasted = m—— - ————

Direction bloom is :
Transport South winds

likely to migrate No Change Ekman Transport

ASSESSABILITY OF FORECAST COMPONENTS

Increase winds
Decrease K. brevis samples
No Change MODIS AQUA

Imagery

Expected change in

Intensification :
bloom concentration

Results Will Guide Future Forecasting and Skill Assessment
e The results of this comparative analysis will be used as guidance in improving the HAB-OFS
program in the future. Using these results, operating procedures for each component will be
analyzed in an effort to improve accuracy, assessability, and utilization.

250

None NWS forecasted
Potential level of Very low winds
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Table 1: Definitions of forecast components for the Florida region, the data
required, and the selection for each component.
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Figure 1. (from top) Percent correct forecasts (of total assessable), Heidke skill score
(of assessable), and the assessability of forecast components.
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Blooms of the toxic dinoflagellate, Karenia brevis, occur nearly every year in coastal regions

of the Gulf of Mexico (GOMX) causing impacts on public health, ecosystems, and regional V. Y
economies. Following the successful transition of the eastern GOMX forecast system for 33) ) RESULTS []5/1/10 - 4/30/11
harmful algal blooms (HABs) from research to operations along the Gulf coast of Florida B 5/1/11-4/30/12
in 2004, NOAA expanded its GOMX HAB Operational Forecast System (HAB-OFS) to
include the coast of Texas (western Gulf of Mexico) in 2010. NOAA’s GOMX HAB-OFS RELATIVE FORECAST ACCURACY (FORECAST SKILL)
issues weekly bulletins that serve as decision support tools for coastal resource managers, 100%
federal and state agencies, and academic institutions. The Texas bulletins include three
forecast components: bloom transport direction, transport distance and the daily potential
for respiratory irritation along the coast. In order to continually improve the HAB-OFS,
forecast skill and bulletin utilization are evaluated regularly. This analysis details the
assessment of bulletin utilization and forecast skill for the first two years of operational
status along the Texas coastline, encompassing 106 total bulletins issued for the western
GOMX from October 2010 through April 2012. While there was no bloom along the Texas
coastline during the first year of operations, 44 bulletins were issued during the 2011
Texas red tide, one of the longest lasting and largest blooms on record in Texas, covering
the coastline and inshore bays and waterways from South Padre Island to the Galveston
region. Results highlighted special challenges in the assessment of each forecast Sulletin Priority Level

component and will be applied to improve HAB forecaStingf prOdUCt operations, and Confirmed Bulletin Utilization | M LowPriority | @ MediumPriority| M HighPriority | H TotalBulletins

assessment for the western GOMX HAB-OEFS. : N/A . N/A e Unconfirmed Bulletin Utilization| [ LowPriority | [0 MediumPriority| [@OHigh Priority O Total Bulletins

All Respiratory NO SKILL
Impacts l, Figure 4. Number of confirmed vs. unconfirmed bulletins, by

priority level (low, medium, high, all), for BY10-~12.

3

g

g

Confirmed and Unconfirmed

?

- m

Medium High
Bulletin Priority

Number of Bulletins with Utilization

R

Heidke Skill Scores (%)

Transport Direction

L) METHODS
Figure 1. Heidke Skill Scores (of assessable) for transport

Bulletin Forecasts & impact forecasts.

* Bulletin forecasts consisted of three components: Transport Direction, Transport y. CONCLUSIONS
Distance, and Respiratory Impacts produced by the bloom. See Table 1. FORECAST ACCURACY (% CORRECT)

Assessment 100% Bulletin components are forecasted with high accuracy and skill.

» Respiratory impact forecasts had the highest accuracy and skill (>90%).
» Forecasts were evaluated for accuracy and usability each week based on the following « Transport forecasts also had a high amount of skill (>50%), but are the most

post-bulletin data: difficult forecasts to assess. This will be addressed in the future.

» Bulletin Utilization: Media or public health reports, sampling response, More information is often needed to assess bulletin forecasts.

written/ tele}?hm}e responses or m.qml‘lesg etc. o Transport forecasts are the most difficult to confirm.
» Transport Direction and Distance: Satellite imagery and/or in situ sample o <15% of all transport forecasts were assessable. Resuspended chlorophyll

data, Texas General Land Office/Texas Automated Buoy System ROMS visible in the ocean color imagery along the Texas coastline makes it difficult to

Current Model data and GNOME particle trajectory model results. : . . s
: . . . assess transport forecasts, which can be verified only using satellite imagery.
> Respiratory Impacts: Observational data recorded and disseminated by state . : . .
While algorithms are already in place to remove much of the resuspension

agencies, research institutions, and volunteer programs. visible in western GOMX imagery, refinement of algorithms to remove more
* Assessment data was then grouped by bloom year (BY), e.g. May 1, YYYY to April 30, . LY 5 S
resuspension is necessary to better track feature and bloom initiation and

.YY.Y v . 19 transport.’ Cloudy imagery during the bloom timeframe also limited analysis
Statistical Analysis" - [wa [va nd assessment.

* Assessability: % of bulletin forecast components and utilization with sufficiently Transport Direction Al A <10% of all respiratory impact forecasts were assessable. Working with partners

available evidence for evaluation. to address more systematic reporting of respiratory impacts and the use of

Forecast Accuracy: % of correct forecasts out of the total # of assessable forecasts. Fienre 2. Percent correct(of assessable) for transport & social media for on-the-ground impact reports will help to confirm forecasts.
Relative Forecast Accuracy- Heidke Skill Score: Proportion of correct forecasts 12 ° b New methods to confirm bulletin utilization should be explored.

: impact forecasts.
relative to the # of correct forecasts that could be made by random chance. b .« <10% of all bulletins were confirmed utilized.

Bulletin Utilization: 7 of bulletins confirmed utilized. NUMBER OF ASSESSABLE FORECASTS * Procedures to verify bulletin utilization via social media outlets should be
Table 1. Texas bulletin forecast component definitions. i5e explored. This, along with partner feedback, will help increase bulletin
FORECAST B Assessable utilization confirmation.

COMPONENT DEFINTTION I Unassessable Comparison of FL and TX forecasts over all operational active
bloom years from BY04-12 reveals, on average:
* There were less assessable forecasts of all types in TX than FL.
» Transport forecast accuracy (% correct, of assessable) was similar (~85%) for TX
and FL.
* Impact forecast accuracy and skill was greater in TX than the average scores for
FL; however, TX had only one bloom during the assessment period and fewer
assessable impact forecasts than FL on average.

Percent Correct (%)

« North Local ocean currents,
. South TGLO/TABS ROMS
« No Change Current Model

Transport Distance bloom is . Rounded to GNOME particle
Distance likely to migrate nearest 10km trajectory model

Transport Direction bloom is
Direction likely to migrate

Potential respiratory ’:_fery = Forecasted wind
ow

irritation caused by strength and direction
Moderate : :
the bloom K. brevis concentration

High ..
Bl t
None oom proximity

Impacts

(forecast by region)

Number of Assessable and
Unassessable Forecasts
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