NOAA Coral Reef Conservation Program

Climate Goal II: Modeling and Forecasting
Mark Eakin, Coral Reef Watch

Includes a variety of products from
Satellites
Ocean-Atmosphere Climate Models

Derived Forecasts (e.g., coral disease)




NOAA Coral Reef Conservation Program

Climate Goal II: Modeling and Forecasting

From Coral Manaqgers’ Survey:

#6 (3.5) Importance
#2 (43%) “Top Five” list
#2 Most used

#1 (3.8) for Meeting Respondents’
Needs

#1 (4.1) for Ease of Access
#1 (4.0) for Documentation
#1 (4.1) for Overall Satisfaction
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What is Coral Bleaching?

Most of corals’ food comes
from photosynthesis

zooxanthellae

Corals can “bleach”
due to stress

Corals exposed to
high temperatures
and/or high light
become stressed

Corals eject their
algae; coral appears
“bleached”

If stress is mild or
brief, corals recover,
otherwise they die
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Samoa, February 2015
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American Samoa, August 2015
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Coral Reef Watch — Satellite Products for Coral Reef
Managers — Mark Eakin & CRW Team

Transition old 50km products to next-generation 5km system
100x higher resolution, up to 50X more data per pixel
Enhancements underway to bring 5km to all CRW products
Higher Resolution products has been the #1 User Request

50 km Polar-only (Operational)
Climatology: 7 year, 50 km (AVHRR)
Polar-orbiter (1), Max 1 nighttime scene/day

5 km Geostationary-Polar Blend

Climatology: 22 year, 4 km (Pathfinder AVHRR)
Polar-orbiters (2) + Geostationary (4), Up to 50 scenes/day




NOAA Coral Reef Conservation Program

Coral Reef Watch: 5-km Satellite-Based Products
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Coral Reef Watch — Satellite Products for Coral Reef
Managers — Mark Eakin & CRW Team

5-km Bleaching Alert 7 Aug 2016
2 143 144 145 146 147 143 149 150
CNMI Satellite Coral Bleaching Alert Area and Outlook
2016-08-07
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Coral Bleaching Alert Level
Outlook Weeks 1-4

Coral Bleaching Alert Level
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NOAA Coral Reef Watch Annual Maximum Satellite Coral Bleaching Alert Area 2014
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SE F SEAFAN BleachWatch Program
S Current Conditions Report #20140902
September 2, 2014

Summary: Based il d field observations, the threat for 1 bleaching in southeast Florida,
berween Miami-Dade and Martin counties is currently HIGH.

Environmental Monitoring

The latest CRW experimental 5 kilometer (km)
Daily Coral Bleaching Alert Area (Figure 1)
indicates that southeast Florida is presently
experiencing a moderate to high level of
thermal stress, with an Alert Level 1 or
Bleaching Warning present throughout the
region. This indicates that bleaching is likely in
southeast Florida and additional alerts are
possible if current conditions continue or
worsen.

F NOAA's Bleaching Hotspot Map =
compares current  SST fo he \NOAA CRW Experimental Dily ks Bl
maximum monthly mean, which is the nded Bleaching Alert Area; August 3
average temperature during  the Skan/index php
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NOAA Coral Reef Watch Annual Maximum Satellite Coral Bleaching Alert Area 2015
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“We use Coral Reef Watch bleaching products as triggers for our
bleaching response and BleachWatch community engagement
programs” — CRCP Coral Managers Survey
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NOAA Coral Reef Watch Maximum Satellite Coral Bleaching Alert Area 1 Jan — 31 July 2016
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September 2014 August 2015

Lo Couch et al. in:prep

2014 Maximum Degree Heat

Midway

27 August 2014

CRW did it again... based on DHW graphs, it looked
like Lisianski is starting to toast, and Laysan, Midway,
and Pearl and Hermes are just a hair cooler.

Many thanks for excellent and useful products.

Aloha, Randy Kosaki




Great Barrier Reef Bleaching: 2016
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F .
y Laurie Raymundo
July 29 at 4:55pm -

| consider myself to be fairly objective and logical about science. But
sometimes that approach fails me. Today, for the first time in the 50 years
I've been in the water, | cried for an hour, right into my mask, as | witnessed
the extent to which our lovely Tumon Bay corals were bleaching and
dying....And it's only July....
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2016 Mismatch with bleaching: GBR, Coral
Triangle, Hawall
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Coral Reef Studies

s~ > Good News:
= ™ CRW products
e <~  very useful as a
iﬁr\ “warning” product
r 4 © Estimated coral loss
: ‘7‘ g © less than 5% Bad News:

g o 5-25% : :

g Mismatch at finer

scale

Major issue
climatology from
Pathfinder, not
SST

Bleaching
observations in
most areas
inadequate to
detect
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5 km Geo-Polar Reprocessing

e Consistent dataset for
calibration and scientific
analysis

* Develop next-generation

|z~ Climatology
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Coral Reef Watch — Satellite Products for Coral Reef
Managers — Mark Eakin & CRW Team

Light Stress Damage Product

Light Stress Damage - Sea Surface Temperature Sep 30, 2010

Light Stress Damage - Photosynthetically Active Radiation Sep 30, 2010
i

Temperature (“C)

Light Stress Damage - L5D Index

% LSD index..

w

LSD Index LSD Experimental v0.5
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Percentage of Reef Pixels Experiencing Bleaching Alert Level 1 & 2
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NOAA Coral Reef Watch Team
http://coralreefwatch.noaa.gov

Gang Liu (GST)
CRCP
Erick Geiger (GST)
Wilfiam Skirving (GST & ReefSense) Scott Heron (GST & ReefSense) Andrea Gomez (CCNY & NOAA-CREST)

GLOBAL SCIENCE & TECHNOLOGY, INC.
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Coral Reef Watch — Satellite Products for Coral Reef

Managers — Mark Eakin & CRW Team

All data available online from CRW, E-mall alerts sent to ~750 users

Analysis products online, provided to NCRMP
All data archived with CoRIS, NCEI
Used by managers, scientists worldwide

2014-16 event led to major efforts on social media, press

Studio

@he Washington fost

event is now underway

Leonardo DiCaprio on Twitter

“Scientists say a dramatic worldwide coral bleaching
event is now underway: http2/it.co/X54And15TS
@washingtonpost”

A Reef Manager's Guide to

Scientists say a dramatic worldwide coral bleaching
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Coral Reef Watch — Satellite Products for Coral Reef
Managers — Mark Eakin & CRW Team

Biggest gap:
Lack of international database of bleaching observations
GCRMN no longer global
ReefBase ineffective since prior to 2010 global bleaching
Reef Check data limited to their observations)

Biggest concerns:

New Coral Program funding scheme may leave CRW
underfunded

Likely to stop ocean color development (along with its $500K
in matching funds

Assure that products are maintained through satellite
transitions
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Coral Reef Watch — Satellite Products for Coral Reef
Managers — William Skirving

Coral products for last Intergovernmental Panel on Climate Change
5th Assessment Report (IPCC AR5, WGII)

First IPCC report with Oceans Chapter
Key role of CRW methodology in analysis of thermal stress in

(a) Total thermal stress for the period 1981-2010

Average annual total of the monthly anomalies [*C)

WORKING GROUP Il CONTRIBUTION TO THE 1 :'r 3 Ii ':-5
FIFTH ASSESSMENT REPORT OF THE ¢ Y
INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE
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The Coral Reef Temperature Anomaly Database
— Ken Casey et al.

Quantifies thermal stress on coral reefs around the world at 4 km
resolution 1982-2012 using Pathfinder 5.2, soon to be updated to
2014 based on PFSST 5.3 release (August 2016)

Available online through NCEI

Work to be conducted in FY16 on improving the usability of the
CoRTAD data set for decision makers

Developed to investigate
relationship between thermal
stresses and coral decline

60°S  30°S Q° 30°N_ 6O°N
S.09  S.0f <0 NoOE  No09

~ Weekly TSA 1997/12/01-1997/12/07
o 250 50 1555
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The Coral Reef Temperature Anomaly Database
— Ken Casey et al.

Used in numerous peer-reviewed publications that provide
fundamental information needed to design effective management
strategies and Marine Protected Areas

Supports both the development of broad policies and the

Improvement of specific management actions aimed at reducing
coral reef degradation by mitigating climate change effects.

Biggest Concern:

« New Coral Program funding
scheme may end CorTAD
funding

60°S  30°S Q° 30°N_ 6O°N
S.09  S.0f <0 NoOE  No09

~ Weekly TSA 1997/12/01-1997/12/07
o 250 50 1555
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Developing Operational Coral Reef Bleaching Forecasts for
Coral Reef Management — Arun Kumar & Gang Liu

Transition from old statistical model to latest operational
dynamical model

Outlook based on 28 member SST ensemble from NCEP
CFSv3

Further enhancements underway to 112 ensemble
members and automated skill statistics

Outlooks have been #2 user request

2016 Aug 2 NOAA CRW 60% Probability Coral Bleaching Thermal Stress for
July - Oct 2016
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Developing Operational Coral Reef Bleaching Forecasts for
Coral Reef Management — Arun Kumar & Gang Liu

Distributed on CRW website
. 5 . . , Mote Marine Laboratory / Flotida Keys National Marine Sanctuary N
Widely redistributed & used in US | 488 o e ™ ;ﬁﬁ

Updated June 2, 2015
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Developing Operational Coral Reef Bleaching Forecasts for
Coral Reef Management — Arun Kumar & Gang Liu

2015 Four Month Bleaching Outlook: Hawai’i
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Developing Operational Coral Reef Bleaching Forecasts for
Coral Reef Management — Arun Kumar & Gang Liu

Management Responses:
2015 Hawar'i Bleaching — DAR “Ark”
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Developing Operational Coral Reef Bleaching Forecasts for
Coral Reef Management — Arun Kumar & Gang Liu

Management Responses:
2015 Thailand Reef Closures

2016 May 3 NOAA Coral Reef Watch 80% Probability Coral Bleaching Thermal Stress for May—Aug 20186
Experimental, v2.Q, CF5vZ—bosed, 28—member Ensemble Ferecost
150

the guardlan

website of the year

home ) environment ) wildlife energy pollution climate change UK worlc =all g

Coral _‘__:-L_ lT 26 May 2016 aE;

Thailand closes dive sites over coral
bleaching crisis

In a rare move to shun tourism profits for environmental protection, 10 popular dive sites
have been shut down in a bid to slow a coral bleaching crisis
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Florida Keys BleachWatch —Sarah Fangman

BLEAGHWATCH

MOTE MARINE LABORATORY

Community based reporting of coral bleaching and data
Integration with existing NOAA coral bleaching early

warning products.
T
= FLORIDA = —:‘>_--___.*—‘.:—’<_«

F2) CoraLreer| | iRuAREER

FLORIDA KEYS
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Florida Keys BleachWatch —Sarah Fangman

Purpose:

Monitor environmental conditions.
Provide an “Early Warning Alert” of coral bleaching
Involve the community in monitoring coral reef health.

Provide FKNMS with the reef’'s Current Conditions by
summaries of the community feedback and
environmental conditions

Rapid feedback to resource managers
Ground-truth for satellite data

Modeled after GBRMPA program
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Florida Keys BleachWatch —Sarah Fangman

Mote Marine Laboratory / Florida Keys National Marine Sanctuary

Coral Bleaching Early Warning Network
Current Conditions Report #20160801

Figure 1. NOAA’s § km Experimental Current and 60% Probability Coral Ble
Areas through September 2016. Updated July 30, 2016.
noaa keys.php

Severity of 2014
Observations

g stations on a weekly basis for the remainder of the bleaching
season.
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Florida Keys BleachWatch —Sarah Fangman

« FLORIDA =
Issues:

Sustained funding
Primarily funded by FL License Plate support

Bieactiffabi Program i

Keeping community engaged Sy TEEEmmT—

Copied by FL DEP

Used as model elsewhere

; EYES OF THE REEF NETWORK
o Commurify Reporting. Network for coral bleaching, diseases, COTS and maring invasives

Southeast Florida Action Metwork
We're All Connected - Keap It Protected
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Modeling the Effects of Climate Change and Acidification
on Global Coral Reefs — John Dunne et al.

Use of GFDL model for IPCC 5" Assessment Report

Analysis of coral bleaching under future scenarios at 4 different
Representative Concentration Pathways (1.5°C warming to 4-6°C
warming)

Results cited in IPCC AR5 WG

Two major findings:
Corals have already adapted/acclimated to warming since early
20t century
Estimated potential range of adaptability by corals

Temporary adaptation such as symbiont shuffling has
=== Insignificant impact

: bleaching onset by a couple of decades unless global
! warming is held to 1.5°C
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Modeling the Effects of Climate Change and Acidification
on Global Coral Reefs — John Dunne et al.
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Modeling the Effects of Climate Change and Acidification
on Global Coral Reefs — John Dunne et al.

(a) RCP 2.6 (1.5°C warming)

100 . . ! ! !
''''' Model 1 (no adaptive response) : ; ;
w1 ()0 yr rolling climatology
s 80 yr rolling climatology
60 yr rolling climatology
40 yr rolling climatology
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Developing Downscaled Climate Models for Coral Reef

Andros
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Management into the 215t Century — John Lamkin et al.

T =
(8) GCM 2042 = .'

s \"FloridaRchTract

Used IPCC-AR5 models, a dynamic downscaled

model and a statistical downscaling to project the
onset of annual coral bleaching conditions in the

Caribbean

The average year for the onset of annual severe
bleaching is 2040-2047 for all three projections

Dynamically downscaled projections suggests an
earlier onset of annual severe bleaching linked to
projected changes in regional currents

Demonstrated the value of a dynamical
downscaling for projecting the onset of annual
coral bleaching at regional scales

Suggested that statistically downscaled projections
have to be interpreted with caution.

NOAA/NGI: S.-K. Lee & Y. Liu
USM (F. Hernandez) & SEFSC (J. Lamkin)
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Developing Downscaled Climate Models for Coral Reef

T =
(8) GCM 2042 = .'

S \"FloridaRchTract

Andros| Island,
Bahdmas

Management into the 215t Century — John Lamkin et al.

Initial downscaling work has
spawned a variety of research efforts
Including:
Bluefin and Skipjack Tuna habitat change
Biogeochemical process changes

Future applications include impacts
of:

Slowed Florida Current on sea level rise

T
{e) GCMstar 2047 £ 7.

Increased thermal stratification on hypoxia
along TX-LA shelf

Warm water on hurricane intensification

Summer season warming on N. Gulf of
Mexico ecosystems — to be explored using
ultra-high resolution model

13°N
f3°W R2oW 81°W 80°W T9°W 78w

_—HIIIII[IIHIIIIIII]_

W10 )34 e 47 MNda 050 M54 ISR

NOAA/CRCP: S.-K. Lee, Y. Liu
AOML: R. van Hooidonk & SEFSC: J. Lamkin, B. Muhling
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Modeling Reef Futures Using a High Resolution
Modular Ocean Model — Ruben van Hooidonk

Statistically downscaled projections of the timing of the onset of
annual severe bleaching (>8 DHW) conditions under RCP8.5.

These exemplify the high local-scale (10’s of km) variation seen in
projected in most locations.

Data available from CRW

Florida Reef Tract, USA Northern Great Barrier Reef Fiji
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Modeling Reef Futures Using a High Resolution
Modular Ocean Model — Ruben van Hooidonk

Working with Coral Program-funded FL nurseries to maximize long
term survival

Florida Reef Tract, USA N Computing resources an issue due
to large file sizes
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Environmental Monitoring of Coral Disease and Bleaching
In the Hawaiian Islands — Bernardo Vargas-Angel et al.

Develop and populate comprehensive database of coral disease

observations

Use these to develop products to predict disease from satellite-SST

HAWAII CORAL DISEASE (HICORDIS)

DATABASE

e 286,071 coral colonies surveyed
on 1,819 transects at 660 sites
between 2005 and 2015

e 60 species from 22 genera with
21 health conditions.

Kure
Midway @ .
Pearl & Hermes
Lisianski

Hawaiian Archipelago

Survey Sites

Laysan
Maro

French Frigate Shoals “*® ¢

Nihoa
Main Hawaiian Islands

W

O

Could be expanded elsewhere (Caribbean has data sharing issues)
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Environmental Monitoring of Coral Disease and Bleaching
In the Hawaiian Islands — Bernardo Vargas-Angel et al.

Products available from CRW

SST-BASED OUTBREAK RISK TOOLS: Metrics from winter (left) and summer (right)
temperatures of 2015 contribute to the assessed outbreak risk for various coral diseases.

17 G 172 168% 1 54 176w 1720 1684 1 G4 180w 155W

Cool Mild Warm Low Moderate High

20.9

PRODUCT EVALUATION:
Boosted Regression Tree
analysis revealed distinct
relationships for different

diseases. Caldwell et al. 2016 °c. s @
Montipora Coral Density Winter Condition Summer Hot Snap

102 104 106 1.08
L L L L

Further support sought from NASA, led by UH PhD student
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Monitoring Ocean Acidification from Space in the
Pacific — Ruben van Hooidonk
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Summary:

Coral Program-supported remote sensing and modeling have
become the go-to products for scientists and managers across all
US jurisdictions and worldwide

They have guided planning, monitoring, and action by marine
resource managers

Confidence in NOAA's predictive ability has enhanced NOAA
credibility working with resource users
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From Coral Managers’ Survey:

ltems needing improvement/missing:
Continued increase Iin resolution

Actual sea level products, incorporating ENSO
Wave and surface current prediction

Nutrient detection

Turbidity plumes in nearshore

Localized data in modeling

Coastwatch data alongside CRCP products
Coral Disease forecasting
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Addendum:
Publication List since 2010

Questions?
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Publication List from Coral Reef Watch since 2010

Coral Reef Watch Data Products:

Liu, G.; Chen, M.; Eakin, C.M.; Kumar, A.; De La Cour, J.L.; Geiger, E.F.; Heron, S.F.; Skirving,
W.J.; Tirak, K.V.; Strong, A.E.; Gomez, A.M. (2016). Noaa Coral Reef Watch’s Probabilistic
Seasonal-scale Coral Bleaching Thermal Stress Outlook System For Informing
Management Decisions. Proceedings of the 13th International Coral Reef Symposium, Honolulu,
HI, 19-24 June 2016.

De La Cour, J.L.; Eakin, C.M.; Liu, G.; Geiger, E.F.; Heron, S.F.; Skirving, W.J.; Tirak, K.V.;

Gomez, A.M.; Strong, A.E. (2016). Application Of Noaa Coral Reef Watch’s Near-real-time
Satellite And Model-based Decision Support System To Local Coral Reef Management.
Proceedings of the 13th International Coral Reef Symposium, Honolulu, HI, 19-24 June 2016.

Geiger, E.F.; Eakin, C.M.; Liu, G.; De La Cour, J.L.; Heron, S.F.; Skirving, W.J.; Tirak, K.V.; Strong,
A.E. (2016). No Reef Left Behind: Using And Interpreting Noaa Coral Reef Watch’s 5-km
Regional Virtual Stations For Monitoring Bleaching Stress. Proceedings of the 13th International
Coral Reef Symposium, Honolulu, HI, 19-24 June 2016.

Skirving, W.J.; Burgess, T.F.; Liu, G.; De La Cour, J.L.; Enriquez, S.; King, H.M.; Gomez, A.M,;
Strong, A.E.; Dove, S.; Hoegh-Guldberg, O.; Eakin, C.M.; Heron, S.F.; Geiger, E.F.; Tirak, K.V.;
Iglesias-Prieto, R. (2016). From Mesocosm Experiments To Satellites: Implementing The
Light Stress Damage Product Suite For Tracking Coral Photosystem Health. Proceedings of
the 13th International Coral Reef Symposium, Honolulu, HI, 19-24 June 2016.
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Publication List from Coral Reef Watch since 2010, continued

|. Coral Reef Watch Data Products:

» Strong, A.E.; Wang, M.; Eakin, C.M.; Geiger, E.F.; Warner, R.A.; Skirving, W.J.; Liu, G.; Heron, S.F.;
Tirak, K.V.; Ondrusek, M.; Hernandez, W.J.; Cardona-Maldonado, M.; Armstrong, R.A.; De La Cour,
J.L. (2016). New Viirs Satellite Ocean Color Products For Management Of Land-based Sources
Of Pollution Over Coral Reefs. Proceedings of the 13th International Coral Reef Symposium,
Honolulu, HI, 19-24 June 2016.

» Johnston, L.; Heron, S.F.; Johnson, S.; Okano, R.; Benavente, D.; Iguel, J.; Perez, D. |.; Liu, G;
Geiger, E.F.; De La Cour, J.L.; Eakin, C.M. (2016). Validation Of Reef-scale Thermal Stress
Satellite Products For Coral Bleaching Monitoring. Proceedings of the 13th International Coral
Reef Symposium, Honolulu, HI, 19-24 June 2016.

» Caldwell, J.M.; Heron, S.F.; Eakin, C.M.; Donahue, M.J. (2016). Application Of Satellite Sst-based
Coral Disease Outbreak Predictions For Hawaii. Proceedings of the 13th International Coral Reef
Symposium, Honolulu, HI, 19-24 June 2016.

 Clark, S.J.; Heron, S.F.; Eakin, C.M.; Brainard, R.E.; Oliver, T.A.; Geiger, E.F. (2016). Improving
Thermal Stress Representation On Oceanographically Diverse Pacific Reefs Using A
Combination Of In Situ And Satellite Data. Proceedings of the 13th International Coral Reef
Symposium, Honolulu, HI, 19-24 June 2016.
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Publication List from Coral Reef Watch since 2010, continued

|. Coral Reef Watch Data Products:

» Eakin, CM, Liu G, Gomez AM, De La Cour JL, Heron SF, Skirving WJ, Geiger EF, Tirak KV,
Strong AE (2016). Global Coral Bleaching 2014-2017: Status and an Appeal for
Observations. Reef Encounter 43 31(1): 20-26.

* Heron, S.F.; Johnston, L.; Liu, G.; Geiger, E.F.; Maynard, J.A.; De La Cour, J.L.; Johnson, S.;
Okano, R.; Benavente, D.; Burgess, T.F.R.; Iguel, J.; Perez, D.; Skirving, W.J.; Strong, A.E.; Tirak,
K.; Eakin, C.M. (2016). Validation of Reef-scale Thermal Stress Satellite Products for Coral
Bleaching Monitoring. Remote Sensing 8(1): 59, doi: 10.3390/rs8010059.

« Mohammed, S.S.; Heron, S.F.; Mahabir, R.; Clarke, R.M. Performance Evaluation of CRW
Reef-Scale and Broad-Scale SST-Based Coral Monitoring Products in Fringing Reef
Systems of Tobago. Remote Sensing 8(1): 12, doi: 10.3390/rs8010012.

» Heron, SF, Liu G, Eakin CM, Skirving WJ, Muller-Karger FE, Vega-Rodriguez M, De La Cour JL,
Burgess TFR, Strong AE, Geiger EF, Guild LS, Lynds S (2015). Climatology Development for
NOAA Coral Reef Watch's 5-km Product Suite. NOAA Technical Report NESDIS 145.
NOAA/NESDIS. College Park, MD. 21pp.

* Liu, G, Heron SF, Eakin CM, Muller-Karger FE, Vega-Rodriguez M, Guild LS, De La Cour JL,
Geiger EF, Skirving WJ, Burgess TFR, Strong AE, Harris A, Maturi E, Ignatov A, Sapper J, Li J,
Lynds S (2014). Reef-scale Thermal Stress Monitoring of Coral Ecosystems: New 5-km
Global Products from NOAA Coral Reef Watch. Remote Sensing 6(11): 11579-11606,
doi:10.3390/rs61111579.
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Publication List from Coral Reef Watch since 2010, continued

|. Coral Reef Watch Data Products:

» Heron, SF, Liu G, Rauenzahn JL, Christensen TRL, Skirving WJ, Burgess TFR, Eakin CM,
Morgan JA (2014). Improvements to and Continuity of Operational Global Thermal Stress
Monitoring for Coral Bleaching. J. Operational Oceanography 7(2): 3-11.

* Liu, G, Heron SF, Eakin CM, Rauenzahn JL, Geiger EF, Skirving WJ, Burgess TFR, Strong AE
(2014). NOAA Coral Reef Watch's Next-Generation 5 km Satellite Coral Bleaching Thermal
Stress Monitoring. Reef Encounter 40 29(2): 27-29.

* Liu, G., J.L. Rauenzahn, S.F. Heron, C.M. Eakin, W.J. Skirving, T.R.L. Christensen, A.E. Strong,
J. Li (2013). NOAA Coral Reef Watch 50 km Satellite Sea Surface Temperature-Based
Decision Support System for Coral Bleaching Management. NOAA Technical Report NESDIS
143. NOAA/NESDIS. College Park, MD. 33pp.

* Lucas, E.Y., A.E. Strong (2013). Product Development Plan for the Next Generation of
Satellite Remote Sensing Products for NOAA Coral Reef Ecosystem Management
Activities. NOAA Technical Report NESDIS 142B. NOAA/NESDIS. Silver Spring, MD. 69pp.

« Eakin, C.M., G. Liu, M. Chen, A. Kumar (2012). Ghost of bleaching future: Seasonal Outlooks
from NOAA's Operational Climate Forecast System. Proceedings of the 12th International
Coral Reef Symposium, Cairns, Australia, 9-13 July 2012.
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Publication List from Coral Reef Watch since 2010, continued

|. Coral Reef Watch Data Products:

* Liu, G, C.M. Eakin, J.L. Rauenzahn, T.R.L. Christensen, S.F. Heron, J. Li, W. Skirving, A.E.
Strong, T. Burgess (2012). NOAA Coral Reef Watch's Decision Support System for Coral
Reef Management. Proceedings of the 12th International Coral Reef Symposium, Cairns,
Australia, 9-13 July 2012.

» Strong, A.E., E.Y. Lucas, C.M. Eakin, J. Rauenzahn, P. Chang, A. Ignatov, G. Liu, E. Maturi, L.
Miller, W. Pichel, W.J. Skirving, M. Wang (2012). Enhanced Satellite-Remote Sensing for Coral
Reef Management: Next Decade. Proceedings of the 12th International Coral Reef Symposium,
Cairns, Australia, 9-13 July 2012.

» Strong, A.E., G. Liu, W. Skirving, C.M. Eakin (2011). NOAA's Coral Reef Watch Program from
satellite observations. Annals of GIS 17(2): 83-92, doi: 10.1080/19475683.2011.576266.

* Heron, S.F., B.L. Willis, W.J. Skirving, C.M. Eakin, C.A. Page, I.R. Miller (2010). Summer Hot
Snaps and Winter Conditions: Modelling White Syndrome Outbreaks on Great Barrier Reef
Corals. PL0S One. 5, €12210. (doi:10.1371/journal.pone.0012210)

Il. Bleaching Events:

« Eakin, C.M.; Gomez, A.M.; Hodgson, G.; Vevers, R.; De La Cour, J.L.; Liu, G.; Geiger, E.; Heron,
S.F.; Skirving, W.J.; Tirak, K.V.; Strong, A.E. (2016). Two Years And Counting: Monitoring And
Documenting The Ongoing Global Coral Bleaching Event (2014-2016 And Beyond).
Proceedings of the 13th International Coral Reef Symposium, Honolulu, HI, 19-24 June 2016.
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Publication List from Coral Reef Watch since 2010, continued
Il. Bleaching Events:

 Gomez, A.M.; Eakin, C.M.; De La Cour, J.L.; Liu, G.; Geiger, E.F.; Heron, S.F.; Skirving, W.J.;
Tirak, K.V.; Strong, A.E. (2016). The 2014-2016 Global Coral Bleaching Event: Preliminary
Comparisons Between Thermal Stress And Bleaching Timing And Intensity. Proceedings of
the 13th International Coral Reef Symposium, Honolulu, HI, 19-24 June 2016.

* Couch, C.S.; Burns, J.; Steward, K.; Gutlay, T.N.; Geiger, E.; Eakin, C.M.; Kosaki, R. (2016).
Causes And Consequences Of The 2014 Mass Bleaching Event In Papahanaumokuakea
Marine National Monument. Proceedings of the 13th International Coral Reef Symposium,
Honolulu, HI, 19-24 June 2016.

* Doshi, A., S. Pascoe, O. Thébaud, C.R. Thomas, N Setiasih, J. Tan Chun Hong, J. True, H.Z.
Schuttenberg, S.F. Heron (2012). Loss of economic value from coral bleaching in S.E. Asia.
Proceedings of the 12th International Coral Reef Symposium, Cairns, Australia, 9-13 July 2012.

e Tan C.H., S.F. Heron (2011). First observed severe mass bleaching in Malaysia, Greater Coral
Triangle, Galaxea. Journal of Coral Reef Studies 13: 27-28.

« Thomas C.R., S.F. Heron (2011). South-East Asia Coral Bleaching Rapid Response: Final
Report. Commonwealth Scientific and Industrial Research Organisation, Wealth from Oceans
Flagship, Australia. 24pp.
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Publication List from Coral Reef Watch since 2010, continued

ll. Bleaching Events:

e Eakin, M., J. Morgan, S. Heron, T. Smith, G. Liu, L. Alvarez-Filip, B. Baca, E. Bartels, C. Bastidas,
C. Bouchon, M. Brandt, A. Bruckner, L. Bunkley-Williams, A. Cameron, B. Causey, M. Chiappone,
T. Christensen, M. Crabbe, O. Day, E. de la Guardia, G. Diaz-Pulido, D. DiResta, D. Gil-Agudelo,
D. Gilliam, R. Ginsburg, S. Gore, H. Guzman, J. Hendee, E. Hernandez-Delgado, E. Husain, C.
Jeffrey, R. Jones, E. Jordan-Dahlgren, L. Kaufman, D. Kline, P. Kramer, J. Lang, D. Lirman, J.
Mallela, C. Manfrino, J. Maréchal, K. Marks, J. Mihaly, W. Miller, E. Mueller, E. Muller, C. Orozco
Toro, H. Oxenford, D. Ponce-Taylor, N. Quinn, K. Ritchie, S. Rodriguez, A. Rodriguez Ramirez,
S. Romano, J. Samhouri, J. Sanchez, G. Schmahl, B. Shank, W. Skirving, S. Steiner, E.
Villamizar, S. Walsh, C. Walter, E. Well, E. Williams, K. Roberson, and Y. Yusuf (2010).
Caribbean Corals in Crisis: Record Thermal Stress, Bleaching, and Mortality in 2005. PL0oS
One.

lll. Climate Change and Coral Reefs:

* Heron, S.F.; Maynard, J.A.; Eakin, C.M.; De La Cour, J.L.; Liu, G.; Geiger, E.F.; Gomez, A.M.;
Skirving, W.J.; Strong, A.E.; Tirak, K.V. (2016). The Influence Of Thermal History On Coral
Bleaching Response During High Temperature Stress. Proceedings of the 13th International
Coral Reef Symposium, Honolulu, HI, 19-24 June 2016.

» Ainsworth, T.D.; Heron, S.F.; Ortiz, J.C.; Mumby, P.J.; Grech, A.; Ogawa, D.; Eakin, C.M.; Leggat,
W. (2016). The Great Barrier Reef Is At Risk Of Losing Thermal Tolerance. Proceedings of
the 13th International Coral Reef Symposium, Honolulu, HI, 19-24 June 2016.
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Publication List from Coral Reef Watch since 2010, continued

lll. Climate Change and Coral Reefs:

» Keith, SA, Maynard JA, Edwards AJ, Guest JR, Bauman AG, van Hooidonk R, Heron SF,
Berumen ML, Bouwmeester J, Piromvaragorn S, Rahbek C, Baird AH. (2016) Coral mass
spawning predicted by rapid seasonal rise in ocean temperature. Proc. R. Soc. B 283(1830):
20160011, doi: 10.1098/rspb.2016.0011.

» Ainsworth, TD, Heron SF, Ortiz JC, Mumby PJ, Grech A, Ogawa D, Eakin CM, Leggat W. (2016)
Climate change disables coral bleaching protection on the Great Barrier Reef. Science
352(6283): 338-342, doi: 10.1126/science.aac7125.

» Wilkinson C, Salvat B, Eakin CM, Brathwaite A, Francini-Filho R, Webster N, Ferreira BP, Harris P
(2016) Tropical and Sub-Tropical Coral Reefs. In the Group of Experts of the Regular
Process [Ed.] The First Global Integrated Marine Assessment: World Ocean Assessment |,
United Nations, Chapter 43, 1-42pp.

* Magris, RA, Heron SF, Pressey RL (2015) Conservation Planning for Coral Reefs Accounting
for Climate Warming Disturbances. PLoS ONE 10(11): e0140828, doi:
10.1371/journal.pone.0140828.

* Maynard JA, McKagan S, Raymundo L, Johnson S, Ahmadia GN, Johnston L, Houk P, Williams
GJ, Kendall M, Heron SF, van Hooidonk R, Mcleod E, Tracey D, Planes S (2015) Assessing
relative resilience potential of coral reefs to inform management. Biological Conservation
192: 109-119, doi: 10.1016/j.biocon.2015.09.001.
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Publication List from Coral Reef Watch since 2010, continued

lll. Climate Change and Coral Reefs:

» Gattuso, J-P, Magnan A, Billé R, Cheung WWL, Howes EL, Joos F, Allemand D, Bopp L, Cooley
S, Eakin CM, Hoegh-Guldberg O, Kelly RP, Pdrtner HO, Rogers AD, Baxter JM, Laffoley D,
Osborn D, Rankovic A, Rochette J, Sumaila UR, Treyer S, Turley C (2015) Contrasting futures
for ocean and society from different CO, emissions scenarios. Science 349(6243): aac4722,
doi: 10.1126/science.aac4722.

* Howes EL, Joos F, Eakin CM, and Gattuso J-P. (2015) An updated synthesis of the observed
and projected impacts of climate change on the chemical, physical and biological
processes in the oceans. Frontiers in Marine Science 2: 36, doi: 10.3389/fmars.2015.00036.

* Anderson, KD, Heron SF, Pratchett MS. (2015) Species-specific declines in the linear
extension of branching corals at a subtropical reef, Lord Howe Island. Coral Reefs 34(2):
479-490, doi: 10.1007/s00338-014-1251-1.

* Vega-Rodriguez, M., Muller-Karger F., Hallock P., Quiles-Perez G., Eakin M., Colella M., Jones
D., LiJ., Soto I., Guild L., Lynds S., Ruzicka R. (2015) Influence of water-temperature
variability on stony coral diversity in Florida Keys patch reefs. Marine Ecology Progress
Series 528: 173-186, doi: 10.3354/meps11268.

* Maynard, J, van Hooidonk R, Eakin CM, Puotinen M, Garren M, Williams G, Heron SF, Lamb J,
Weil E, Willis B, Harvell CD (2015) Projections of climate conditions that increase coral
disease susceptibility and pathogen abundance and virulence. Nature Climate Change, doi:
10.1038/NCLIMATE2625.
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Publication List from Coral Reef Watch since 2010, continued

lll. Climate Change and Coral Reefs:

Howes, E. L., Joos, F., Eakin, M., Gattuso, J.-P. (2015) The Oceans 2015 Initiative, Part I: An
updated synthesis of the observed and projected impacts of climate change on physical
and biological processes in the oceans, Studies N° 02/15, IDDRI, Paris, France, 52pp.

* Weatherdon, L., Rogers, A., Sumaila, R., Magnan, A., Cheung, W.W.L. (2015) The Oceans 2015

Initiative, Part Il: An updated understanding of the observed and projected impacts of
ocean warming and acidification on marine and coastal socioeconomic activities/sectors,
Studies N° 03/15, IDDRI, Paris, France, 46pp.

Eakin, CM, Rauenzahn JL, Liu G, Heron SF, Skirving WJ, Geiger EF, Burgess TFR, Strong AE
(2014) Will 2014-2015 be the Next Big El Nino? If so, What Might it Mean for Coral Reefs?
Reef Encounter 40 29(2): 30-35.

* Anthony, KRN, Marshall PA, Abdullah A, Beeden R, Bergh C, Black R, Eakin CM, Game ET,

Gooch M, Graham NAJ, Green A, Heron SF, van Hooidonk R, Knowland C, Mangubhai S,
Marshall N, Maynard JA, McGinnity P, McLeod E, Mumby PJ, Nystrom M, Obura D, Oliver J,
Possingham HP, Pressey RL, Rowlands GP, Tamelander J, Wachenfeld D, Wear S (2014)
Operationalising resilience for adaptive coral reef management under global environmental
change. Global Change Biology 21(1): 48-61, doi: 10.1111/gcb.12700.

Eakin, CM (2014) Lamarck was partially right - and that is good for corals (perspective
article). Science 344(6186): 798-799.



NOAA Coral Reef Conservation Program

Climate Goal Il: Modeling and Forecasting

Publication List from Coral Reef Watch since 2010, continued

lll. Climate Change and Coral Reefs:

Hoegh-Guldberg, O., R. Cali, E.S. Poloczanska, P.G. Brewer, S. Sundby, K. Hilmi, V.J. Fabry, and
S. Jung, 2014: The Ocean. In: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part
B: Regional Aspects. Contribution of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change [Barros, V.R., C.B. Field, D.J. Dokken, M.D.
Mastrandrea, K.J. Mach, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma,
E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 1655-1731.

» Jackson, Jeremy B.C., ... Eakin, C. Mark, ... Heron, Scott F., et al. (2014). Part I: Overview And
Synthesis For The Wider Caribbean Region. In: J. Jackson, M. Donovan, K. Cramer, and V. Lam
(eds.), Status And Trends Of Caribbean Coral Reefs: 1970-2012, Global Coral Reef Monitoring
Network, [UCN, Gland, Switzerland, pp. 55-154.

» Schuttenberg, HZ, Pascoe S, Heron SF, Setiasih N, Tan JCH, True J, Manopawitr P, Calgaro E,
Chelliah A, Doshi A, Hyde J, Lau CM, Purwita D, Yee S. (2014). Building Capacity for Socio-
ecological Resilience to Coral Bleaching Events in Indonesia, Malaysia, and Thailand. APN
Science Bulletin 4: 152-157.

* Weijerman, M, Birkeland C, Piniak GA, Miller MW, Eakin CM, McElhany P, Dunlap M, Patterson
M, Brainard RE (2014). Endangered Species Act listing: three case studies of data
deficiencies and consequences of ESA 'threatened' listing on research output. Current
Opinion in Environmental Sustainability 7: 15-21.
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Publication List from Coral Reef Watch since 2010, continued

lll. Climate Change and Coral Reefs:

Burge, CA, Eakin CM, Friedman CS, Froelich B, Hershberger PK, Hofmann EE, Petes LE, Prager
KC, Well E, Willis BL, Ford SE, Harvell CD (2014). Climate change influences on marine
infectious diseases: implications for management and society. Annual Review of Marine
Science 6: 249-277.

Logan, C.A., J.P. Dunne, C.M. Eakin, S.D. Donner (2014). Incorporating adaptive responses
into future projections of coral bleaching. Global Change Biology 20(1): 125-139,
doi:10.1111/gcb.12390.

Brainard, R.E., Weijerman M., Eakin C.M., McElhany P., Miller M.W., Patterson M., Piniak G.A.,
Dunlap M.J., Birkeland C. (2013). Incorporating Climate and Ocean Change into Extinction
Risk Assessments for 82 Coral Species. Conservation Biology 27(6): 1169-1178,
doi:10.1111/cobi.12171.

Birkeland, C., Miller M.W., Piniak G.A., Eakin C.M., Weijerman M., McElhany P., Dunlap M.,
Brainard R.E. (2013). Safety in numbers? Abundance may not safeguard corals from
increasing carbon dioxide. BioScience 63(12): 967-974, doi:10.1525/bi0.2013.63.12.9.

Neal, B.P., Condit C., Liu G., dos Santos S., Kahru M., Mitchell B.G., Kline D.I. (2013). When
depth is no refuge: cumulative thermal stress increases with depth in Bocas del Toro,
Panama. Coral Reefs 33(1): 193-205, doi:10.1007/s00338-013-1081-6.
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Publication List from Coral Reef Watch since 2010, continued

lll. Climate Change and Coral Reefs:

Bauman, A.G., M.S. Pratchett, A.H. Baird, B. Riegl, S.F. Heron, D.A. Feary (2013). Variation in
the size structure of corals is related to environmental extremes in the Persian Gulf. Marine
Environmental Research 84: 43-50, doi:10.1016/j.marenvres.2012.11.007.

Gove, J.M., G.J. Williams, M.A. McManus, S.F. Heron, S.A. Sandin, O.J. Vetter, D.G. Foley
(2013). Quantifying Climatological Ranges and Anomalies for Pacific Coral Reef
Ecosystems. PLoS ONE 8(4): e61974, doi:10.1371/journal.pone.0061974.

Chollett, I., F.E. Muller-Karger, S.F. Heron, W. Skirving, P.J. Mumby (2012). Seasonal and
spatial heterogeneity of recent sea surface temperature trends in the Caribbean Sea and
southeast Gulf of Mexico. Marine Pollution Bulletin 64(5): 956-965.

Heron, S.F., R.L. Pressey, W.J. Skirving, J.L. Rauenzahn, B.A.A. Parker, C.M. Eakin (2012).
Identifying Oceanic Thermal Anomalies in the Coral Triangle Region. Proceedings of the 12th
International Coral Reef Symposium, Cairns, Australia, 9-13 July 2012.

Logan, C.A., J.D. Dunne, C.M. Eakin, S.D. Donner (2012). A framework for comparing coral
bleaching thresholds. Proceedings of the 12th International Coral Reef Symposium, Cairns,
Australia, 9-13 July 2012.
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Publication List from Coral Reef Watch since 2010, continued

lll. Climate Change and Coral Reefs:

McClanahan, T.R., S.D. Donner, J.A. Maynard, M.A. MacNeil, N.A.J. Graham, J.M. Maina, A.C.
Baker, J.B. Alemu, I.M. Beger, S.J. Campbell, E.S. Darling, C.M. Eakin, S.F. Heron, S.D. Jupiter,
C.J. Lundquist, E. McLeod, P.J. Mumby, M.J. Paddack, E.R. Selig, R. van Woesik (2012).
Prioritizing key resilience indicators to support coral reef management in a changing
climate, PLoS ONE 7(8): e42884.

McLeod, E., A. Green, E. Game, K. Anthony, J. Cinner, S.F. Heron, J. Kleypas, C. Lovelock, J.M.
Pandolfi, R.L. Pressey, R. Salm, S. Schill, C. Woodroffe (2012). Integrating climate and ocean
change vulnerability into conservation planning, Coastal Management 40:6, 651-672.

Helmle, K.P., R.E. Dodge, P.K. Swart, D.K. Gledhill, C.M. Eakin (2011). Growth rates of Florida
corals from 1937 to 1996 and their response to climate change. Nature Communications
2(215), doi:10.1038/ncomms1222.

Mumby, P.J., l.A. Elliott, C.M. Eakin, W. Skirving, C.B. Paris, H.J. Edwards, S. Enriquez R.
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0248.2010.01562.x.
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lll. Climate Change and Coral Reefs:

« Jury, M., S. Heron S, C. Spillman, K. Anthony, P. Dexter, M. Sivakumar M. (2010) Climate,
Carbon and Coral Reefs. WMO-No. 1063, World Meteorological Organization, Geneva,
Switzerland. 32pp.

IV. Remote Sensing Technology for Coral Reefs:

» Hedley JD, Roelfsema CM, Chollett I, Harborne AR, Heron SF, Weeks S, Skirving WJ, Strong AE,
Eakin CM, Christensen TRL, Ticzon V, Bejarano S, and Mumby PJ (2016) Remote Sensing of
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doi:10.3390/rs8020118.
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Outbreak Predictions for the Hawaiian Archipelago. Remote Sensing 8(2): 93,
doi:10.3390/rs8020093.

» Garde LA, Spillman CM, Heron SF, Beeden RJ (2014) ReefTemp Next Generation: A New
Operational System for Monitoring Reef Thermal Stress. Journal of Operational
Oceanography 7(1): 21-33.



NOAA Coral Reef Conservation Program

Climate Goal Il: Modeling and Forecasting

Publication List from Coral Reef Watch since 2010, continued

IV. Remote Sensing Technology for Coral Reefs:

Heron, M., A. Mantovanelli, D. Di Massa, S.F. Heron (2012). Coastal Ocean Radars Applied to
Coral Reef Science and Management. Proceedings of the 12th International Coral Reef
Symposium, Cairns, Australia, 9-13 July 2012.

Mantovanelli, A., M.L. Heron, S.F. Heron, C.R. Steinberg (2012). Relative dispersion of surface
drifters in a barrier reef region. J. Geophys. Res. 117, C11016, doi:10.1029/2012JC008106.
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Ziskin, D., C. Aubrecht, C. Elvidge, B. Tuttle, C.M. Eakin, A.E. Strong, L.S. Guild (2011).
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V. Observing Systems and Technologies for Coral Reefs:

* Hendee, J., L.J. Gramer, S.F. Heron, M. Jankulak, N. Amornthammarong, M. Shoemaker, T.
Burgess, J. Fajans, S. Bainbridge, W. Skirving (2012). Wireless architectures for coral reef
environmental monitoring. Proceedings of the 12th International Coral Reef Symposium,
Cairns, Australia, 9-13 July 2012.

* Heron, S.F., C.R. Steinberg, M.L. Heron, A. Manto vanelli, W.J. Skirving, F. McAllister, P. Righy,
D. Wisdom, S. Bainbridge (2010), Advancing Ocean Monitoring Near Coral Reefs, Eos Trans.
AGU, 91(41), 369.370, doi:10.1029/2010E0410001.

VI. Hydrodynamic Modeling:

» Skirving, W.J., S.F. Heron, C.R. Steinberg, C. McLean, B.A.A. Parker, C.M. Eakin, M.L. Heron,
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Technical Memorandum CRCP 12. 317 pp.
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l.; Oliver, T.; Williams, I.; Vargas-AngeI, B.; Blondeau, J.; Edwards, P.; Eakin, C.M.; Kelsey, H.;
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Management. Proceedings of the 13th International Coral Reef Symposium, Honolulu, HI, 19-24
June 2016.
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responding to coral disease outbreaks that facilitates adaptive management. Environmental
Management 49: 1-13.

Heron, S.F., J. Maynard, B. Willis, T. Christensen, D. Harvell, B. Vargas-Angel, R. Beeden, J.
Sziklay, G. Aeby, E. Franklin, W. Skirving, M. Eakin, T. Burgess, J. Li, G. Liu, E. Lucas, J.
Rauenzahn, A. Strong (2012). Developments in understanding relationships between
environmental conditions and coral disease. Proceedings of the 12th International Coral Reef
Symposium, Cairns, Australia, 9-13 July 2012.

Edwards, H.J., lLA. Elliott, C.M. Eakin, A. Irikawa, J.S. Madin, M. McField, J.A. Morgan, R. van
Woesik, P.J. Mumby (2011). How much time can herbivore protection buy for coral reefs
under realistic regimes of hurricanes and coral bleaching? Global Change Biology 17:
2033.2048. doi: 10.1111/}.1365-2486.2010.02366.X.

Liu, G., D. Obura, M. Richmond, D. Souter, M. Eakin (2011). Global and Regional Phenomena.
In: Field Guide to the Seashores of Eastern Africa and the Western Indian Ocean Islands, 3rd
Edition, M. Richmond, ed., Sida/SAREC, University of Dar es Salaam, 464pp.

Maynard, J.A., K.R.N. Anthony, C.D. Harvell, M.A. Burgman, R. Beeden, H. Sweatman, S.F.
Heron, J.B. Lamb, B.L. Willis (2011). Predicting outbreaks of a climate-driven coral disease in
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Selig, E.R., K.S. Casey, and J.F. Bruno (2010), New insights into global patterns of ocean
temperature anomalies: implications for coral reef health and management, Global Ecology and
Biogeography, DOI: 10.1111/j.1466-8238.2009.00522.x.

Halpern, Benjamin S., M. Frazier, J. Potapenko, Kenneth S. Casey, K. Koenig, C. Longo, J.S.
Lowndes, R.C. Rockwood, E.R. Selig, K.A. Selkoe, and S. Walbridge (2015). Spatial and temporal
changes in cumulative human impacts on the world's ocean, Nature Communications, vol. 6, no.
7615, pp. 1-7.(DOI: 10.1038/ncomms8615)

McLeod, Elizabeth, Russell Moffitt, Axel Timmermann, Rodney Salm, Laurie Menviel, Michael J.
Palmer, Elizabeth R. Selig, Kenneth S. Casey, and John F. Bruno, (2010) 'Warming Seas in the
Coral Triangle: Coral Reef Vulnerability and Management Implications', Coastal Management, 38:
5, 518-539, First published on: 26 August 2010 (iFirst), DOI: 10.1080/08920753.2010.509466.
URL: (DOI: 10.1080/08920753.2010.509466.

Selig, E.R., K.S. Casey, and J.F. Bruno (2010). New insights into global patterns of ocean
temperature anomalies: implications for coral reef health and management, Global Ecology and
Biogeography, (DOI: 10.1111/].1466-8238.2009.00522.x.)

Selig, E.R., K.S. Casey and J.F. Bruno (2012). Temperature-driven coral decline: the role of
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» Caribbean Corals in Crisis: Record Thermal Stress, Bleaching, and Mortality in 2005. Eakin
CM, Morgan JA, Heron SF, Smith TB, Liu G, et al. (2010) PL0oS ONE 5(11): e13969.

* Prediction of Coral Bleaching in the Florida Keys Using Remotely Sensed Data. Barnes,
Brian B.; Hallock, Pamela; Hu, Chuanmin; Muller-Karger, Frank; Palandro, David; Walter, Cory;
Zepp, Richard (2015) Coral Reefs, Volume 34, Issue 2, pp.491-503

» Coral bleaching data from BleachWatch in the Florida Keys National Marine Sanctuary from
2015-05-31 to 2015-11-03 (NCEI Accession 0140822) Dieveney, Beth; Walter, Cory; Bartels,
Erich (2016).

Publication List — Dunne et al. Climate Change Modeling

* Logan, C A., J P Dunne, C M Eakin, and S D Donner, 2012: A framework for comparing coral
bleaching thresholds In Proceedings of the 12th International Coral Reef Symposium, Cairns,
Australia, 9-13 July 2012, 1-5.

e Logan, C.A., J.P. Dunne, C.M. Eakin, S.D. Donner (2014). Incorporating adaptive responses
into future projections of coral bleaching. Global Change Biology 20(1): 125-139,
doi:10.1111/gcb.12390.
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Liu, Y., Lee, S. K., Muhling, B. A., Lamkin, J. T., & Enfield, D. B. (2012). Significant reduction of
the Loop Current in the 21st century and its impact on the Gulf of Mexico. Journal of
Geophysical Research: Oceans, 117(C5) DOI: 10.1029/2011JC007555

Liu, Y., Lee, S. K., Enfield, D. B., Muhling, B. A., Lamkin, J. T., Muller-Karger, F. E., & Roffer, M.
A. (2015). Potential impact of climate change on the Intra-Americas Sea: Part-1. A dynamic
downscaling of the CMIP5 model projections. Journal of Marine Systems, 148, 56-69.

Muhling, B. A., Liu, Y., Lee, S. K., Lamkin, J. T., Roffer, M. A., Muller-Karger, F., & Walter, J. F.
(2015). Potential impact of climate change on the Intra-Americas Sea: Part 2. Implications for
Atlantic bluefin tuna and skipjack tuna adult and larval habitats. Journal of Marine
Systems, 148, 1-13.

Liu, Y., S.-K. Lee, D. B. Enfield, B. A. Muhling, J. T. Lamkin, F. E. Muller-Karger, and M. A. Roffer,
2016: Past and future climate variability in the Intra-Americas Sea and its impact on the
marine ecosystem and fisheries, US CLIVAR Variations, Vol. 14, No. 1, 27-32
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Maynard JA, McKagan S, Raymundo L, Johnson S, Ahmadia GN, Johnston L, Houk P, Williams
GJ, Kendall M, Heron SF, van Hooidonk R, Mcleod E, Tracey D, Planes S (2015) Assessing
relative resilience potential of coral reefs to inform management. Biological Conservation
192: 109-119, doi: 10.1016/j.biocon.2015.09.001.

Maynard, J, van Hooidonk R, Eakin CM, Puotinen M, Garren M, Williams G, Heron SF, Lamb J,
Weil E, Willis B, Harvell CD (2015) Projections of climate conditions that increase coral
disease susceptibility and pathogen abundance and virulence. Nature Climate Change, doi:
10.1038/NCLIMATE2625.

Maynard J, van Hooidonk R, Harvell CD, Eakin CM, Liu G, Willis BL, Williams GJ, Groner M,
Dobson A, Heron SF, Glenn R, Reardon K, Shields JD (2016) Improving marine disease
surveillance through sea temperature monitoring, outlooks and projections. Phil. Trans. R.
Soc. B 371(1689): 20150208, doi: 10.1098/rstb.2015.0208.

van Hooidonk R, Maynard JA, Liu Y, Lee SK. 2015 Downscaled projections of Caribbean coral
bleaching that can inform conservation planning. Glob. Change Biol. (doi:
10.1111/gcb.12901).

van Hooidonk R. Maynard JA, Manzello D, Planes S. 2014 Opposite latitudinal gradients in
projected ocean acidification and bleaching impacts on coral reefs. Glob. Change Biol.
20(1), 103-112.

van Hooidonk R, Maynard JA, Planes S. 2013 Temporary refugia for coral reefs in a warming
world. Nature Clim. Change. 3(5), 508-511.
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Caldwell JM, Burns JHR, Couch C, Ross M, Runyon C, Takabayashi M, Vargas-Angel B, Walsh
W, Walton M, White D, Williams G, Heron SF (2016) Hawai‘i Coral Disease database
(HICORDIS): species-specific coral health data from across the Hawaiian archipelago. Data
in Brief 8: 1054-1058, http://dx.doi.org/10.1016/j.dib.2016.07.025

Caldwell JM, Heron SF, Eakin CM, Donahue MJ. (2016) Satellite SST-Based Coral Disease
Outbreak Predictions for the Hawaiian Archipelago. Remote Sensing 8(2): 93,
doi:10.3390/rs8020093.
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