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Well developed coral reef
ecosystem takes hundreds to
thousands of years to build.
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What is Coral Bleaching?
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~ « Most of corals’ food comes
from photosynthesis

« Corals can "bleach” due to
stress

'« Corals exposed to high
- temperatures and/or high
light become stressed

o Corals eject their algae;
coral appears "bleached”

-« If stress is mild or brief,
corals recover, otherwise
they die
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Thermal Stress Causes Mass Coral Bleaching
and Mortality




1998 Global Bleaching
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Over 15% of the world's reefs died after bleaching
during 1997-1999 El Nio and La Nifia

ro blaaching
low bleaching
® roderate bleaching

severe bleaching
@ :zeverity unknown
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Overfishing

1
2.
3. Coastal Development

4. Lack of Laws / Enforcement
5

6

7

Sedimentation (unnatural)
Lack of Education
. Nutrient Enrichment
|8. Algal Competition
9. Climate Change / Bleaching
10. Habitat Destruction
11. Tourism
- |36. Ocean Acidification

2004 Survey: 276 Coral Reef Scientists
1 Kleypas and Eakin (2007, Bull. Mar. Sci.)




./~ by warming and pollution in recent decades

Bleachmg has increased in frequency & intensity

- Significant long-term social, cultural, economic, and
ecological impacts

*> 25% of the world's coral reefs have been destroyed »

)
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Highest Thermal Stress Recorded?
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Overview
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+ Structure of existing bleaching

- SST forecast model

» Testing the bleaching outlook
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'NOAA Coral Reef Watch
Satellite-based Products




CRW Operational Bleaching HotSpots and
Degree Heating Weeks (DHW) Nowcasting
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A

SST

Bleaching threshold (MMMSST+1°C)

Maximum Monthly Mean SST
Climatology (MMMSST)

12 weeks

Z ( HotSpot value x duration )
>1°C

Degree Heating Weeks

|E|5|10|11|12 13 14 15

i
>4 DHWs — coral bleaching is expected {
> 8 DHWs — mass bleaching and mortallty are expected *!

14 http://coralreefwatch.noaa.gov R
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2005 Mass Coral Bleaching in the Caribbean ?"-.‘5‘;5
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Con'rrlbufed Bleaching Repor'Ts

Af’rer' QC:

_________________________________________________________ > 1000 SUPVEYS

> 50 coIIaboraTor's

> 25 J'ur'usdlc'rlons
Countr'les or s‘ra'res

Green data by both
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& >90% coral cover bleached
m >60% coral cover dead
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CRW Operational Bleaching HotSpots and
Degree Heating Weeks (DHW) Nowcasting
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- — —-| Bleaching threshold (MMMSST+1°C)

______ Maximum Monthly Mean SST
Climatology (MMMSST)
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12 weeks

Z ( HotSpot value x duration )
>1°C

Degree Heating Weeks

| B | 5|10| 11|12 13 14 15 16 DHW

18 http://coralreefwatch.noaa.gov
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>4 DHWs — coral bleaching is expected {
> 8 DHWs — mass bleaching and mortality are expected *
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Proposed Bleachmg HotSpots and
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L e
Foreeasts made 1 April 2005

" - SST |

Forecast
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Mlethod alb s al

= | > | |  Week-0 Time Week-12
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Model | anSR U B Sk HotSpot from Forecasts

f‘“‘;ﬁ.,m“” }E%ﬂ . }:\L‘JL' ’131% ‘(\) 12 weeks >
: TSR AERNE| o)

ey —— Z(HotSpotvaIuexduratlon
el SR BT TR A >1°C

Degree Heating Weeks

2] 10 12 13 14 15 16 DHW

.:vm%.b
>4 DHWs — coral bleaching is expected

>8DHWs — mass bleaching and mortality are expected é@
http://coralreefwatch.noaa.gov il f
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l SST Forecast

Bleaching Thermal Stress Forecast

- HotSpot forecast
- Degree Heating Week forecast

——

Collaboration between

- NOAA Coral Reef Watch in Silver Spring, Maryland
- NOAA Earth Science Research Laboratory's Physical
Science Division in Boulder, Colorado

20 http://coralreefwatch.noaa.




l 2008 Aug 26 NOAA Coral Reef Watch Coral Bleaching Thermal Stress Outlook for Aug—Nov 2008
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Potential Pleaching TPotential WidespreadBleaching Potential Sewvere Bleaching

A global tropical ocean prediction system (Released in July 2008)

Covering 30°S to 30°N (the global tropical coral reef areas)
2x2 degree spatial resolution

Weekly temporal resolution

1- Yo 24-week lead-times S
updates once a week {

Pl hﬂp://cor'ulreefwatch.noaa.gov%“'m,f




NOAA CRW Coral Bleaching Outlook System

CRW SST forecast model
- NOAA ESRL Linear Inverse Modeling (LIM)

* Evolution of tropical SST anomalies (SSTAs) can in large
part be represented as a stable, multivariate linear
dynamical system maintained by stochastic forcing.

- Penland and Sardeshmukh (1995)
- Penland and Matrosova (1998)

dX/dt=BX+ &
X : sea surface temperature anomaly

- LIM is a statistical derivation of the best dynamical
description from the observations of a linear system and
prediction are made from the derived statistical model.

F‘w‘%‘%
22 hf'rp://cor-alreefwatch.noaa.govm
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ESRL LIM forecast model

|Best prediction at time #+ ris l

X(r+:)=6(:)X(r),

where '
G(7) =exp(Br)

= X7+ )XT(F)> < XHXT(r) >

- SST anomalies were cast in terms of Empirical Orthogonal Functions
(EOFs).

* The leading EOFs are retained in the model and contain most of the
observed data.

- Using this compressed description of the data in EOF, LIM was applied to
estimate the linear operators giving the best forecast of SSTA.

» Prediction of global tropical SSTAs is made by applying the derived
statistical model to the observed initial SSTAs as represented by EOFs 3
from weekly OISST. ‘%

23 Eh‘mﬁj
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ESRL LIM forecast model

* NOAA LIM prediction model

30E EOE S0E 120E  150E 180 150w 12000 oy a0y 200 ol

for forecasting tropical
SSTAs was developed by the

Physical Sciences Division

(PSD) of NOAA Earth

System Research Laboratory

NOAA/ESRL PSD and CIRES/CDC =~ F——\é

Forecast in Global Tropics Domain

based on Januar‘y_Febr‘uar‘y-Mar‘ch 150 170 180 A0 ZSJIJ:' 250 é?.ﬂ 20 30 3230 350
2009 |n|1'|(]l CondiTionS. NOANESHLPSDandCI;?EFSFSDC Experimental Forecas t
http://www.cdc.noaa.gov/forecasts/sstlim/Frcst.html

24
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CRW SST forecast model

- NOAA ESRL Linear Inverse
Model (LIM)

} - Based on Principal
Components/EOF Analysis

* The leading 30 EOFs are
retained for prediction,
explaining average 75% of
the total variance in the
SST time series data

- Weekly Reynolds and Smith
Opfimum In‘rer'pola’rion SST Fraction Variance of__30 EOFs/ Total Variance
(OISST) data were used for % e = }_}Eﬂ%ﬁﬁ |

| I
:

training the model and are 5 s
used as model input

W Sk AP

25 0.3 0.4 0.5 o6 a7 .8 0.2




NOAA CRW Coral Bleaching Outlook System
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Skill Analysis for SST Prediction
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CRW Operational Bleaching HotSpots and
Degree Heating Weeks (DHW) Nowcasting
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Bleaching threshold
(MMMSST+1°C)
Maximum Monthly Mean SST
Climatology (MMMSST)

m Week-12
Based on Glynn and D’Croz (1990)

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0°C

HotSpots Degree Heating Weeks 1 DHW =
12 1°C above
weeks '
2 ( HotSpot value x duration ) maximum
o i monthly
=1¢ mean for 1

week

8 5|1o|11|12 1314 15 16 DHW
I I P

. . G
>4 DHWs - wide-spread coral bleaching Is expected 7

> 8 DHWs -> wide-spread severe bleaching is expected {
28 http://coralreefwatch.noaa.gov m,f




Prediction for July 17-23, 2008 (4-week lead-time)
SST Prediction

Bleaching HotSpot Prediction 1

| DHW = 12-week accumulation of HotSpots ( > threshold) |

Bleaching Degree Heating Weeks

4
http://coralreefwatch.noaa.gov *
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SST and Bleaching Thermal Stress Forecast
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Prediction for July 17-23, 2008 (4-week lead-time)

HotSpot forecast

DHW fclarecas’} ‘

e
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%22, Bleaching Outlook
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Weekly Bleachmg OuTIook
1-week leadtime t

2-week leadtime =
3-week leadtin - :
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N-week leadtime
(currently up to'18 weeks)

Seasonal Bleaching Outlook 1
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Hindcast Seasonal Bleaching Outlooks vs
CRW HotSpot/DHW Observations
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2001-2004 Austral Bleaching Season (J an-Apr')

HOAS H‘r‘l Resf Watch Coral Bleaching Thermal Stress Outlock for Jan — Apr 2001 NOAA Coral Reef Watch Coral Bleaching Thermal Stress Outlook far J:|n Apr 2003
) '\‘L"ag‘

.—-’."

MOAA 'vr’ Feaf Watch Cora E‘:er\,hl ng Thermal Stress Qutlock far Jan — Apr 2002 MOIAS m | F“P-. Watch Ceral Ble n.,}’mc Tharmal Strass Outlock far Jan — Apr 2004

‘k‘ ] “"u\ i‘"’" .

) e
‘\H&: ,’%-17-\- )

S {
“v‘l - s . i
"g;%? e ! kS T

00 05 10 1 “t‘,01234557391ﬂ1112131415160HW
PotantnlBlﬁchmg Potential Hide prcudBlcwh:.ng Potential & pcvcn Blgaching M | R .. 0000000

Bleaching Outlook HotSpot DHW




Hindcast Seasonal Bleaching Outlooks vs
CRW HotSpot/DHW Observations
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2005-2008 Austral Bleaching Season (J an-Apr')

MO~ [or'l 1==r Watch Coral Bleaching Thermal Stress Outlook far Jan May 2005 MNOAA Coral P‘“’ Watch Coral Ble ”‘“HF'J Thermal Stress Outlock far Jan Apr 2007
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Hindcast Seasonal Bleaching Outlooks vs
CRW HotSpot/DHW Observations
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2001-2004 Boreal Bleaching Season (July-Oct)

- MOAA Coral Resf Watch Coral Bleaching Thermal Strass Outlock far Ju Oct 2001 MOAA Coral Resf Watch Coral Blesaching Tharmal Strass Outlock far Ju Oet 2003
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Hindcast Seasonal Bleaching Outlooks vs
CRW HotSpot/DHW Observations

2005-2008
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NOAA CRW Coral Bleaching Outlook System 3
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Bleaching Ou'rlook for' J' ul- Oc’r 2008

SIS Degres Heating Wee

2008
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Bleaching Outlook
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Bleaching Degree
Heating"Weeks
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Current Bleaching Outlook for Jun-Sept 2009 ";‘Efj
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Animation =

MOAA Coral Reef Watch Coral Bleaching Thermal Stress Outlock: 2—Week forecast for Jul 03 2005
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Thermal Stress Causes Mass Coral Bleaching
and or"rall‘l'y

l':l

1 What can bleaching ouﬂook help‘? |
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* Driven by US Coral Reef
Task Force

-+ Result of international
workshop, research, and
planning

. Addresses local reef
management in light of
Changing climate

Available at coralreef.noaa.gov
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Short-term Opportunities for
- Coral Bleaching Management
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Local managers can:

* Reduce bleaching
* Reduce light stress
- Cool reefs, increase mixing

7 IUCN

T 5 - %‘%
T h'H'p://cor'alr'eefwa'l't:h.nOGG.gOVM

- A
"o
S

Ll

é




Short-term Opportunities for
Coral Bleaching Managemen
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Local managers can:

» Reduce bleaching
* Reduce light stress
» Cool reefs, increase mixing

Small yet .
economically
important effect

Quicksilver Connections




Short-term Opportunities for
Coral Bleaching Management
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Local managers can:

» Reduce bleaching
* Reduce light stress
» Cool reefs, increase mixing

| Increase survival
* Improve water quality
* Reduce disease prevalence

& 4 === CN
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Short-term Opportunities for
Coral Bleaching Management
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Local managers can:

Reduce bleaching
* Reduce light stress
» Cool reefs, increase mixing

* Increase survival
* Improve water quality
* Reduce disease prevalence

» Aid recovery
- - Coral fragmentation . e =
+ Encourage recruitment . “liENeE |y
» Protect ecosystem functions (herbiv "~ — ]|
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First-ever bleaching forecast tool

SST prediction skill highest in central and eastern
Pacific Ocean and Caribbean

Performs best in the Caribbean and Great Barrier Reef

Provides general patterns of potential bleaching
- enables managers and scientists to prepare

Further evaluate and analyze skill and improve accuracy

Next: Application of NOAA operational Climate

Forecast System P
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Tropical SST Outlooks - Multiple Models
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Conclusions and Future Work

First-ever bleaching forecast tool

SST prediction skill highest in central and eastern
Pacific Ocean and Caribbean

Performs best in the Caribbean and Great Barrier Reef

Provides general patterns of potential bleaching
- enables managers and scientists to prepare

Further evaluate and analyze skill and improve accuracy

Next: Application of NOAA operational Climate

Forecast System P
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