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e Module 15

* Ocean variability in seasonal models
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e Climate drivers and the ocean

» Past and future coastal flooding for Pacific
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* Marine Applications of Ocean Outlooks
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Ocean variability in seasonal models

* Sea surface temperature
e Current changes (wind and density driven)
* Wind changes impacting mixing (cyclones)

40°N — — — — — — — —

20°N

 Subsurface downwelling/upwelling movements
 Cloudiness/Rainfall



Ocean variability in seasonal models
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Sea Level Modelled in ACCESS-S
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Ocean variability in seasonal models

Reanalysis Sea Surface Height Anomaly Last 7 days Reanalysis Heat Content at 300m Anomaly Last 7 days
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e Sea level

* Subsurface density changes from
temperature and salinity

variation : , :
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Ocean variability: climate drivers

2020

3 . Most severe bleaching
{ :;"’«,.,. @© No or negligible bleaching

* El Nifio Southern Oscillation (ENSO)

e SST and Sea level changes in the tropics

* MJO

 Rainfall/Cloudiness and wind impacts on SST

° ITCZ/ S P CZ November sea surface temperature

* Cloudiness decreases insolation (sun shining on the ocean)




El Nifio Southern Oscillation (ENSO):
El Nino Events

http://www.bom.gov.au/climate/enso/hist
ory/In-2010-12/three-phases-of-
ENSO.shtml



El Nifio Southern Oscillation (ENSO):
La Nina Events

Meutral

http://www.bom.gov.au/climate/enso/hist
ory/In-2010-12/three-phases-of-
ENSO.shtml



ENSO cycles and Sea Level

; Pacific Ocean
20 Monthly sea levels for Samoa - Apia Monthly Sea Level Altimetry: May 2012
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ENSO cycles and Sea Level
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ENSO cycles and Sea Level

Sea Level Anomaly SST Anomaly Subsurface Anomaly

Reanalysis Temperature Anomaly at Equator Start Date: 20151201
Region: Global Period: 2015-12-01 to 2015-12-31
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Ocean Variability: Years to decades

Pacific Decadal Oscillation

* PDO — Pacific Decadal Oscillation positive phase negative phase
* Index compares North Pacific SST patterns to equatorial Pacific v
* Usually oscillates around 5 to 10 year intervals
* Represented in model initial conditions

* |PO — Interdecadal Pacific Oscillation

* Index compares both north and south Pacific SST to equatorial Pacific
* 15 to 30 year oscillations
. Represented in model initial conditions

3
1871 1881 1891 1901 191 1921 91 2001 20M




Ocean Variability: Years to decades

* Climate Change — Sea Level Rise

e Current global trend is +3.40 mm/year
* Sea level observations not part of ACCESS-S initial conditions

 Removed ACCESS-S2 post processing (detrended)

Trend: Jan 1993 to Jul 2020
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Past and future coastal flooding
for Pacific Small-Island Nations

Mathilde Ritman
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Sea Surface Temperature

Dead coral covered in
turfing algae

Healthy coral Bleached coral

* Environmental health
e Coral bleaching
e Lagoon health (deoxygenation)

* Fisheries/Aquaculture
* Pelagic fish migrations . -
e Aquaculture site selection & management
B = | [

Water temperature returns to normal




Sea Surface Temperature: Coral bleaching

e Coral Bleaching outlooks
available in the ocean
portal

Ocean Portal: Coral Reefs

e Derived from SST outlooks
from NOAAs CFSv2




Sea Surface Temperature: Coral bleaching

Alert Level Level Definition Effect
No Stress HotSpot < 0.0 No thermal stress
Bleaching Watch Watch 0.0 < HotSpot < 1.0 Low-level thermal stress
Bleaching Warning 1.0 < HotSpotand 0.0 <DHW <4.0  Coral bleaching possible
Bleaching Alert Level 2 1.0 < HotSpot and 8.0 < DHW Coral mortality likely

Alert Level Effect Coral Bleaching Alert

No alert data available

No Stress No thermal stress
Bleaching Watch Low-level thermal stress
Bleaching Warning Coral bleaching possible

Coral bleaching likely

L4

Bleaching Alert Level 2 Coral mortality likely




Marine Heatwaves: Impacts (Kiribati)
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Marine Heatwaves: Impacts

Almost 3 years of anomalously warm temperatures
Peaking during the 2015-2016 El Nifio at Category 2

- Strong

Jan 2015

Jul 2015
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Marine Heatwaves: Impacts

HUFFPOST

NEWS CORONAVIRUS POLITICS 2020 ELECTIONS ENTERTAINMENT LIFE PERSONAL VIDEQO SHOPPING

Lagipelva Cherelle Jackson, Contributor
Independent Samoan Wiiter

Fish Kills Reported in Fiji and Vanuatu

02/15/2016 03:43 pm ET | Updated Dec 06. 2017

You know how we talk about worst case scenario of climate change impacts? Well, it's
happening now in some Pacific islands. All across the Pacific, high temperatures have
been recorded and residents reported the hottest months they have ever experienced.
For some islands however, the impacts have gone beyond a daily nuisance to a serious
marine threat. Last week reports from Vanuatu and Fiji showed fish kills by the thousands
as a result of the temperatures.

Fiji

Weekly Average Sea Surface Temperature Anomaly: 08 February 2016 to 14 February 2016
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Marine Heatwaves: Impacts (Fiji)

* 21 January 2016

Fili
. Weekly Average Sea Surtace Temperature Anomaly: 18 January 2016 1o 24 january 2016
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Fisheries in the Pacific

* Major source of animal protein in the diet of most
Pacific Islanders (1 billion people worldwide)

* Primary source of
cash income (tuna)

* Primary source of Velowfin tuns

food security (tuna — 4
and reef fish) Eppaa

Albacore tuna

24 " Skipjack tuna
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Fisheries: Convergence Zone

* The convergence zone is a well-defined salinity front that surrounds the western

Pacific warm pool.

A % - Legend
e January
Paiau N ) @ \larch
d Federated States of Micronesia Marshall Islands ay
- w —yly

.. . e September
Kiribati
e November

Kiribati

& g ~ "

\ G

. —Samoa
Vanuatu INASTT
s -
: Fijii _
v - Nlue
N Tonga Cook Islands

26



27

SPC Tuna factsheet

oML & e

ML & e

El Nino

i

‘Al“

w 'y

‘hl‘

roo0
Your



Seasonal Outlooks For Fisheries SeaS(}:F

Sea surface temperature forecast for
June 2021

* Tuna (skipjack in =
below example)
drifts with the o
Western Warm
Pool boundary
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Sea Surface Temperature: Management of aquaculture

Ocean temperature is

an important environmental condition that
effects pearl oyster reproduction, pelagic
larval duration, and growth. Optimal
operating temperature range for growth and
reproduction has been defined as 23-34°C.
Sub-seasonal to seasonal outlooks of SST
from the Bureau of Meteorology's ACCESS-S
model can be used to inform management
decisions to mitigate the effect of warm
ocean temperatures, such as increasing the
proportion of spat produced in hatcheries
under controlled temperature and
harvesting pearls during the cooler months
of the year.

Introduction

Solar radiation and sea surface
temperatures (SST) are two

important climate features of the Pacific
islands’ climate. Although sunshine is
good for agriculture production in many
Small Island Developing States (SIDS)
via photosynthesis, excessive solar
radiation is detrimental to the marine life
and ecosystems thal can deprive niche
markets for sustainable growth.
Prolonged periods of above normal
8ST from excessive solar radiation can
be devastating in shallow lagoons of
these atolls. This can deplete marine
life, and could also be exacerbated by
severe weather, resulting in the
economic loss of millions of dollars

and could face depopulation.

Aworker clears new foreign growth on
the ayster shells on a regular basis in

Changing ocean waters

Climate data and recent observations have
significantly shown some trends in these climate
parameters to be of negative impact on the
Pacific Islands and especially atolls. These are
the loss of certain lagoon fishes, the migration
of the crown of thoms that normally peaks at

Assessing status of
and impacts to the
Black Pearl Sector

Through the collaboration with other National
Meteorological Services and scientif

El Nifio episodes and the more than
of oyster spats in some lagoons that cannot be
sorted for aquaculture farming and eventually
harvesting. Marine heatwaves days and severity
in the Cook Islands are projected (o increase
over this century.

Mt e e sl e of o 0 coch o cnegy BCHL

for seeding or

Departomcd o Fereign Aflies s Trace

projected

y
to increase in the Cook Islands source:
hitps://www.rccay ibrary/item/61fc956b7402a

CSIRO and SPREP 2022

friendly and tailored
products and services for aquaculture and
marine ecosystems have been used to gauge
the status of this sector. This work is aligned
also o the findings of IPCC for more extreme
tropical cyclones and ocean acidification.
In the case of the Cook Islands this involves
providing CSIRO with data on the number of
black pearl farms on the island of Manihiki, with
the Cook Islands Meteorological Service
working closely with the Marine Resources of

the Cook Islands and some pearl fammers. Data
were collected by a leam that shone some light
on the fate of the black pearls on Manihiki.

Farm workers remove pear! shells from lines which
are cleaned on the boat and returned immediately
instead of taking them to farm houses, for
efficiency and cost savings

Outlooks for Black
Pearl Management

Ocean temperature is an important
environmental condition that effects pearl
oyster reproduction, pelagic larval duration,
and growth. Optimal operating temperature
range for growth and reproduction has been
defined as 23-34°C. Sub-seasonal to
seasonal outlooks of SST from the Bureau of
Meteorology's ACCESS-S model can be used
to inform management decisions to mitigate
the effect of warm ocean temperatures, such
as increasing the proportion of spat produced
in ies under

and harvesting pearls during the cooler
months of the year.

Sub-seasonal and seasonal outlooks can be used
as part of Black Pearl Management Practices

-
A
\& Arona Ngari | arena.ngari@cookislands gov.ck @ Grant Smith | grant.smith@bom.gov.au



Sea level: Coastal hazards
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Sea level: Low water standings

* Taimasa
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Inundation or Reef Exposure Risk

Difference from average sea surface height forecast for
May 2021
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How good is the tides + anomaly method?

Solomon Islands - Honiara. updated on 10th October 2022, 05:40 UTC

| Observations | Diagnostics ~ Settings
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PNG Case Study: December 2021
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PNG Case Study
2021

Time Zone -=1000

Difference from average sea surface height forecast for
December 2021
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Inverse Barometer effect

IB accounts for several centimetres of sea level, approximately 1 cm per hPa below average.

About 10 cm still remains unaccounted for.

The forecast is monthly, which averages the daily data over the month, lessening the peaks.

—Predictions —Observed

6/12/2021

11/12/2021 16/12/2021 21/12/2021 26/12/2021

Mean Sea Level Pressure

—OQObserved

31/12/2021
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Inve -ted Barometer E¥ «ct

6th December 2021
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PNG Case Study: Conclusion

Papua New Guinea
Daily Near Real Time Sea Level Anomaly: 06 December 2021

e Limitations in forecasting
the full scale of the

& inundation event

 Monthly average forecasts
lessen the daily peaks

* Inverse Barometer effect

m

* In hindsight looking at satellite not included in ACCESS-S
observations, we'd expect a total sea ° SmaII. gcalg local coastal
level of 1.44 m, which is still 4 cm amplification effects

below the tide gauge observations.



Ocean Outlooks

e Seasonal outlooks for Ocean
Outlook Bulletins

* Commonly use SST Anomaly, Sea
Level, Coral Bleaching, SST for
Fisheries

e Released on monthly or 3-monthly
timeframes

e Also include recent observations_
and tide predictions

o0 06-0-0-0-0-0-00-0-0-0-

Ocean Outlook for March 2021
Samoa Meteorology Division (SMD)
Ministry of Natural Resources and Environment

&

o facebook com/ Samoa Meteorological Senices

Summary

= Cooler Sea Surface Temperatures expected in March 2021 Pg 1

10 position further . Pg1

« Coral Bleach Watch levels predicted for n the upcoming months. Pg 2

‘Sea Level for the souther Samoa region expecting a sight slevaticn. P52

Ministry of Metaotelogy, Enrgy. Inormalion,

Disastor, Envieonmant, Climats Change snd Communieation

TONGA METEOROLOGICAL -

SERVICE

‘Tonga Ocean Outlook
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The lonw tide at Lautoka Wharf on June 25 and Suva Wharf on Juse 26° would
be the lowest astronomical tide for the year at both sites, respectively.

Cooler than normal sea surface iemperatures extended
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near nonnal temperatures. This patiem is consistent
with a decaying La Niia event
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Module 17: ACCESS-S Ocean
Outlooks & Skill
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Monthly sea surface temperature anomalies for NINO3.4 region

ACCESS-S Skill Information

77777777777777777777777777

e Ocean outlook maps from ACCESS-S are an ensemble mean anomaly
* An ensemble mean is an average of all model ensembles

* Ocean parameters such as SST and Sea Level usually have good skill in
tropical pacific when showing outlooks as the ensemble mean

* Different types of forecasts need different methods of verification

e Skill metrics used are Correlation Coefficient and Root Means
Squared Error



Operations with the mean

Sum of all the observations

mean = :
Number of all observations

Means can be added if variable is cumulative (like rainfall)

Mean Jan to March rainfall = Jan mean + Feb mean + March mean

Means can be averaged if variable is not cumulative (like temperature)

Jan mean + Feb mean + March mean
3

Mean Jan to March maximum temperature =



Hindcast skill: How good is ACCESS-S at
prediction?

Different types of forecasts need different methods of verification

Sea surface temperature anomaly spatial correlation. nino34
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Correlation — how related are two variables?

We test a dependent variable's relationship with an independent variable

The Correlation Coefficient (r) measures the strength of the relationship — it can vary between —
1and +1

Values of —1 and +1 are perfect in which all the observations lie on a straight line

Positive correlation: dependent variable increases as the independent variable increases

Negative correlation: dependent variable decreases as the independent variable increases

r relates to the scatter of observations about the regression line of best fit
Correlation does not imply Causation

Correlation can be used to calculate model skill



Correlation coefficient examples
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The number below each graph is the
value of r, the correlation coefficient



Observed SST Anomaly
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Using excel to calculate the correlation

SST Anomaly at one grid cell

R?=0.8111

-0.5 0
Predicted SST Anomaly

0.5

What is the correlation between SST predicted
by ACCESS-S and satellite observations of SST

Use Excel to test the correlation. To calculate the
correlation coefficient between two arrays of
numbers: the formula is =Correl(arrayl:array2)

There is a positive correlation between the two
datasets, very good news for a model (a negative
correlation would mean the model is well
underperforming.

Excel calculates 0.9 for r. If we square this, we
get the R? value shown on the graph.

But is it statistically significant?



Statistical significance

Difference from average sea surface height spatial correlation

Spatial correlation of fortnightly sea surface temperature anomaly October

for October. Lead time: 1 week
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Using significance tables for correlation significance

The correlation coefficient (r) can be checked against a table of critical r values for different levels
of significance [e.g. 0.05 (5%) or 0.01 (1%)] and degrees of freedom (df)

degrees of freedom (df) = n — 1, where n is the number of points on the graph, i.e. the sample size
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Correlation can be misleading....
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Root Mean Square Error

" — )2
RMSE = Z(yz Yi)

: n
\ 1=1

U1, Y2, . .., Yn are predicted values

Y1,Y2, ..., Y, are observed values

n 1s the number of observations

RMS stands for Root Mean Squared

It looks similar to the Standard Deviation

Measures the error of a model in predicting data

n = Sample size

V; — y; is the error (anomaly or residual) between the
model prediction and the observation

Each error is squared

We calculate the sum (3) of all the squared errors

= This sum is divided by the number of observations to

create the mean of the squared errors
Finally, calculate the square root of the mean

This is a common method used in ACCESS-S model
verification



ACCESS-S Skill: Root means squared error
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ACCESS-S Skill Calculations

e ACCESS-S has a 38-year hindcast
* A hindcast is a set of retrospective forecast over the past few decades

* We use the hindcast to assess how good the model forecasts because
we know what happened

 The model forecasts are compared to observations

e For SST, we used satellite
observations (1982 to 2018)

* For Sea Level, we used satellite
altimetry (1993 to 2018)




Lead 1 Lead O

Lead 2

Model skill reduces with lead time...

Spatial correlation of monthly sea surface temperature anomaly
for October. Lead time: 1 month

Spatial correlation of monthly sea surface temperature anomaly
for October. Lead time: 1 month

-

3 [ »
120 130°E M0 150°E 160°E 0B 180°  170°W  160W  150W  10°W 130

Spatial correlation of monthly sea surface temperature anomaly
for November. Lead time: 2 months

Lat B [
120 10°E M0E 10°E 160°E 170°E 180°  170°W 160 150°W oW 130°W

Spatial correlation of monthly sea surface temperature anomaly
for December. Lead time: 3 months

L g %S L5 gt

Sk i
120°E 130°F 140 150°E 160°F 170 - W 16°W 150 L40W 130w

0.6
Spatial correlation

Run date: 15t September

Data source: ACGESS 52 and NOA OSST v2
S Cammancal o suevots 02 yalontou of sl supsred by Cos
S'w".‘&i‘v’w“!?,ﬁ, R L e e S

Base period: 1981-2018 Issued: 0210272022

Kiribati

10

170 175

180°

175w

170w

165°W

160°W

155°W

Spatial correlation of monthly sea surface temperature anomaly
for November. Lead time: 2 months

10°

170 175

180°

175w

170w

165°W

160°W

155°W

Spatial correlation of monthly sea surface temperature anomaly
for December. Lead time: 3 months

10°

Run date: 1t September
Data source: ACCESS-S2 and NOAA OISST V2

0.6
Spatial correlation

Base period: 1981-2018

160°W

08

155°W

150°W

150°W

Issued: 02/02/2022

Tuvalu

Spatial correlation of monthly
sea surface temperature anomaly
for October. Lead time: 1 month

10°
11°s
12°8

73 174°E 175 176°E 177°E 178°F 179°E 1800 179°W 178°W 177°W

Spatial correlation of monthly
sea surface temperature anomaly
for November. Lead time: 2 months

10°
1°s
12°8

73°E 174°E 175° 176°E 177°E 178°E 179°E 1800 179°W 178°W 177°W

Spatial correlation of monthly
sea surface temperature anomaly
for December. Lead time: 3 months

10°
11°s
12°5

L3 LI°E 175 176° 177°E 178 179 1800 179°W 178°W 177°W

03 04 05 0.6 07 08 09 1

Spatial correlation

Run date: 1st September Issued: 02/02/2022
03t surc:ACCESS 2000 NORA 0T V2

a%si“w‘ziﬁi'ﬁ"ﬁw."wmrsf B i ot i

Base period: 19812018

Vo1 s e Rt T 400



Tuvalu SST Skill Exam

Spatial correlation of monthly

sea surface temperature anomaly
for October. Lead time: 1 month
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Tuvalu Sea Level Skill E

Difference from average sea surface height spatial correlation
September
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Kiribati SST Skill Example

Spatial correlation of monthly sea surface temperature
for October. Lead time: 1 month

anomaly
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Kiribati Sea Level Skill Example

Difference from average sea surface height spatial correlation
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Skill in Ocean Portal Help Files
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Important take home messages...

 Three main products: SST anomaly, sea level anomaly, SST with
convergence zone.

 The most comprehensive resource for outlooks is the ACCESS-S webpage
which includes regional/national maps and skill for all time scales.

 Pacific Ocean Portal provides an interactive view of monthly outlooks

* Model skill is represented by correlation with observations, and root
means squared error.

e Use correlation to determine if there is skill, and use RMSE to see how
different the model is to observations on average.

e Check skill for your country when issuing outlooks to ensure outlooks are
trustworthy.



Pacific Forecasts — oceanic variables

Sea surface temperature forecast for
October 2022
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Outputs for:

e Sea surface temperature (both
full field and anomaly)

» Sea surface height



ACCESS-S Ocean Outlooks: website

http://www.bom.gov.au/climate/pacific/outlooks/

7 Weekly/fortnightly/monthly/seasonal
e ey s e == aVailable for SST anomaly

the environment. The risks are particularly significant for Pacific Island Countries and compounded by human caused o

Global and Pacific ACCESS-S outlooks and Pacific climate monitoring
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ACCESS-S Ocean Outlooks: Ocean Portal

* http://oceanportal.spc.i
nt/portal/ocean.html

* Monthly only

* Right click to
discover real values
down to two decimal
places

* Help files available (with
monthly skill maps
included)

* Interactive map window

e Available out to six
months

Ocean Portal: Coral Reefs

Marshall Isfands
My

© 2020 Geoscienca, Enary and Martima Division, Pacitic Camunity (SPC)




ACCESS-S Ocean Outlooks: SST full field

Global and Pacific ACCESS-S outlooks and Pacific climate monitoring

Qutlooks issued on Thursdays, ocne and two week outiooks also issued on Mondays
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ACCESS-S Ocean Outlooks: Sea level

e http://www.bom.gov.au/climate/p
acific/outlooks/

Difference from average sea surface height forecast for

August 2022
|-|

* Only available on the website (will
be available in the ocean portal
soon)

* Difficult to find sea level outlooks
R ) AN from global seasonal climate

- I <~ TSN T o e models (only other one available is
’ RS g NOAA CFSv2....)
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CFSv2 and ACCESS-S MME
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Sea level anomaly (cm)

* https://uhslc.soest.hawaii.edu/sea-

level-forecasts/

* Time series available (one location
per Pacific country only)
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Marine Heatwaves Outlooks

* https://psl.noaa.gov/marine-
heatwaves/

* Marine Heatwave outlooks on a
monthly time scale

e Probabilistic outlooks

* From NOAA's North American
Multi-Model Ensemble

* Includes skill maps




