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This project, to deliver real-time ocean monitoring products, is implemented

by CPC in cooperation with NOAA’s Global Ocean Monitoring and Observing Program (GOMO)
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. Recent highlights

— Pacific Ocean
— Arctic & Antarctic Oceans
— Indian Ocean

— Atlantic Ocean

Global SSTA Predictions
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Overview

* Pacific Ocean

— The warming in the central and eastern equatorial Pacific strengthened in Aug 2023 with
Nino3.4 = 1.3°C

— The strong coastal El Nifio developed in Feb 2023 and continued to grow with Nifol+2=
3.3°Cin Aug 2023.

— NOAA “ENSO Diagnostic Discussion” on 10 August 2023 stated “E/ Nifio is anticipated to
continue through the Northern Hemisphere winter (with greater than 95% chance through
December 2023 -February 2024)”.

— The PDO has been in a negative phase since Jan 2020 with PDOI = -1.7 in Aug 2023.

— Strong subsurface warming has persisted in the central north Pacific Ocean since 2020.

e Arctic and Antarctic Oceans

— Average Arctic sea ice extent during Aug 2023 ranked the eighth lowest August since 1979.
— Antarctic sea ice extent continues to track at historical low values.

* Indian Ocean

— Positive Indian dipole mode index increased substantially in Aug 2023.

e Atlantic Ocean

—  SST warming during Jul-Aug 2023 hit the historical high for the same season since 1982.

— Hurricane activity was active in Aug 2023.

— Ongoing mass marine heatwave starting in June/July 2023 caused mass coral bleaching in
Caribbean, Gulf of Mexico, and Florida Keys.




Global Oceans
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Global SST Anomaly (°C) and Anomaly Tendency
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K SSTs were above average across most
of the equatorial Pacific Ocean.
- The strong coastal El Nifio condition
persisted in Aug 2023.
- Strong positive SSTAs persisted in the
North Pacific and the North Atlantic

\Ocea ns.

- Strong positive SSTA tendencies were
observed near the west coast of the
United States.

-Large SSTA tendencies were observed
in the mid-to-high latitude of the
North Atlantic Ocean.

-Positive SSTA tendencies were
present in the central-eastern
equatorial Pacific Ocean.

- Positive SSTA tendencies dominated
the tropical Indian Ocean.

SSTAs (top) and SSTA tendency (bottom). Data are derived from the Olv2.1 SST analysis, and anomalies are departures from 5
the 1991-2020 base period means.




Global Monthly SST anomaly and Marine Heat Waves
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KMHWS were observed in \

the Northeast Pacific,
Northwest Pacific, eastern
equatorial Pacific,
Southwest Pacific near New
Zealand, Northeast Atlantic,
Gulf of Mexico, Labrador

basin and the Arabian Sea.



Longitude-Depth Temperature Anomaly and Anomaly Tendency in 2°S-2°N
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Equatorial depth-longitude section of ocean temperature anomalies (top) and anomaly tendency (bottom). Data is from the 7
S NCEP's GODAS. Anomalies are departures from the 1991-2020 base period means.




Tropical Pacific Ocean and ENSO
Conditions



Tropical Pacific: SSTA, SSTA Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Winds
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Westward Expansion & Evolution of Coastal El Nifio
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Equatorial Pacific SST (°C), HC300 (°C), u850 (m/s) Anomalies

2GS —2°N Average, 3 Pentad Running Mean
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-Since Feb 2023, a set of westerly wind surges triggered downwelling Kelvin waves, helping to reinforce the subsurface

warming in the central-eastern Pacific.
11
- Positive SST anomalies continued to strengthen and expanded westward.



Multiple Ocean Reanalysis Intercomparison: Temperature Anomaly and Tendency at Equator

Anomalous Temperature (C) Averaged in 15-1N: AUG 2023
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https://www.cpc.ncep.noaa.gov/products/GODAS/multiora93_body.html

Evolution of Equatorial Pacific Surface Zonal Current Anomaly (cm/s)

U {(15m), cm/s, 2°6—2°N (Shading=Anamaly; Cantour=1993—-2020 Clim)
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- Anomalous eastward currents were present in the equatorial Pacific in both OSCAR and GODAS since Feb 2023,
which were consistent with the growth of the positive SSTA.
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Evolution of Pacific Nino SST Indices
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- All Nifio indices strengthened in Aug 2023, with \
Nifo3.4 = 1.3°C.

- A coastal El Nifio developed in Feb 2023 and
continued to grow with Nifio1+2=3.3°Cin Aug
2023.

- Compared with Aug 2022, the tropical Pacific was
much warmer in Aug 2023.

- The indices may have differences if based on
different SST products.




Evolution of NINO34 & NINO1+2 in El Nino Years
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Evolution of Monthly Mean Zonal Wind Stress Anomaly across [55-5N]

Monthly Mean TAUX(shaded) & SST(contour) Anomaly(5S—5N: 1991 -2020 Climatology,
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Evolution of Monthly Mean D20 Anomaly across [2S-2N]

Monthly Mean D20(shaded) & SST(contour) Anomaly (28—2N: 1991-2020 Climatoclogy)
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North Pacific & Arctic Oceans




Last 3- month North Pacific SST, SLP, and uv925 anomalies
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Subsurface Temperature Anomaly in the Northcentral Pacific
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Anomalous Temperature (C) in [160E—150W, 30N—45N]
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- Positive temperature anomaly
(>0.92C) penetrated to 150m

and persisted since 2020.

- Subsurface warming in the last
three years is the strongest since
1979.

S
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Weekly SST anomaly and MHWs in the North Pacific

Weekly OISSTv2.1 Anom. (°C)
Hatch area: MHW location
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northwest coast of USA in
Aug 2023.
- Considerable amount of

\California.

KMHWS persisted near the\

anomalously warm waters
persisted near the coast of

/

(Left panel) Weekly SST anomaly (shaded) and locations experience Marine heat waves (hatched) by the date labelled in the plot.
(right panel) SST evolution at a specific location. Green line and blue line denote the seasonal 90t percentile and daily climatology,
respectively. Shaded area denotes the periods experiencing MHW. MHW is defined as a discrete prolonged warmer than 90t
percentile of daily SST for at least 14 days. Data is derived from NCEI OISSTv2.1 and the climatology reference period is 1991-2020
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Subsurface Temperature Anomaly in the Northeast Pacific

Anomalous Temperature (C) in [140W—125W, 35N—50N]
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- Subsurface warm water was

only confined in the upper
50m in Aug 2023.
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Two Oceanic PDO indices

SST-based PDO (Wen et al. 2014: GRL)
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H300-based PDO (Arun and Wen 2016:Mon.Wea.Rev.)
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- The negative phase of PDO
has persisted since Jan 2020
with PDOI =-1.7. in Aug 2023.

- Negative H300-based PDO
index has persisted since Nov
2016, with HPDO =- 2.2 in Aug
2023.

- SST-based PDO index has
considerable variability both
on seasonal and decadal time
scales.

- H300-based PDO index

highlights the slower variability
and encapsulates an integrated
view of temperature variability

che upper ocean.
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Sea Ice; NSIDC (https://nsidc.org/arcticseaicenews/)

Average Monthly Arctic Sea Ice Extent
August 1979 - 2023
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National Snow and Ice Data Center, Uni

- Average Arctic sea ice extent during Aug 2023 was 5.6 million square kilometers, the eighth lowest August in the
satellite record.
- Antarctic sea ice extent is continuing to track at extreme record low levels since 1979.
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NCEP/CPC Arctic Sea Ice Extent (SIE) Forecast

CFSm5

Arctic sea ice extent (SIE) forecast
Experimental CFSv2 initialized August 21-25, 2023
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UFS

Arctic sea ice extent (SIE) forecast

Experimental UFS initialized August 21-25, 2023
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https://www.cpc.ncep.noaa.gov/products/
people/jszhu/seaice seasonal/index.html

- Both CFSm5 and UFS forecasts suggest SIE will be around 5 million square
kilometers in Sep 2023.
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Indian Ocean
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- Positive SSTAs dominated most of the

- Indian dipole mode index (DMI)

\increased substantially in Aug 2023.

tropical Indian Ocean basin in Aug 2023.

-
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Tropical Indian: SSTA, SSTA Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Wind Anom.
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Tropical and North Atlantic Ocean




Evolution of Tropical Atlantic SST Indices
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- Strong positive SSTA in the tropical north Atlantic

of meridional mode index.
- Positive ATL3 index persisted in Aug 2023.

persisted in Aug 2023, contributing to the large value




Hurricane-friendly Climate Conditions

Humcane fnendly climate conditions during “active” eras: warm phase of AMO

T\MMRWMWDMMRMW%&R “”;¢
-2 — Main Deve!opment Region / /- ‘

“w surface trade winds upper-level easterlies
weaken extend farther west

*(Gerry Bell,2014)
https://www.climate.gov/news-features/blogs/enso/impacts-el-ni%C3%B10-and-la-ni%C3%B1a-hurricane-
season

Established theories:

*Warm phase of Atlantic Multi-decadal Oscillation (AMO)
*Warmer SSTs across the Atlantic hurricane main development
region

*Reduced wind shear (i.e ENSO impact)

*Stronger West African monsoon
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Tropical Atlantic: SST, SST tend., TCHP, OLR, 200 hPa wind, wind share, heat flex, & RH anom.

AUG 2023 SST Anom. 30AUG2023 — 02AUG2023 AUG 2023 TCHP Anom.
(°Cc) SST Anomaly (°C) (KJ/cm?)

AUG 2023 200mb — 850mb
Wind Shear Anom. (m/s)

. TN 12

- A 7. } -12
90W 60W 30W 0

AUG 2023 SW + LW Anom. 2 AUG 2023 700 mb
(W/m?) RH Anom. (%
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Evolution of SST anomaly in the North Atlantic
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2023 Atlantic Hurricane Season Outlook Update

2 \}:\ -

Attantic Huricane Season UutlogheR

Named storms

xz 7023 Atlantic Hurricane Seas

Hugicgnes AUGUST-10 UPDATE

o Named storms
Major hurricanes it
1-4

Above normal Near normal Below normal

Season probability Hurri[:alles

Be prepared: Visit hurricanes.gov and follow @NWS and @NHC_Atlantic on Twitter. May 2023 6 -1 1

Major hurricanes
Above normal Near normal Below normal Lo

Season probability

Be prepared: Visit hurricanes.gov and follow @NWS and @NHC_Atlantic on Twitter.

/-NOAA forecasters have increased the likelihood of an above-normal Atlantic hurricane season from 30% in\
outlook issued in May to 60% in August outlook update.

- Main climate factors expected to influence the 2023 Atlantic hurricane activity are : the ongoing El Nifio,

the warm phase of the Atlantic Multi-Decadal Oscillation and record-warm Atlantic SSTs.

- Likelihood of greater activity rises due to record-warm Atlantic SST .
(https://www.noaa.gov/news-release/noaa-forecasters-increase-atlantic-hurricane-season-prediction-to-

\above-normal) )
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2023 Atlantic Hurricane Season Activities

~

/— By 11 Sep 2023, fourteen
tropical storms formed, with
four developing into
hurricane and three major

hurricanes.
N /

https://en.wikipedia.org/wiki/2023 Atlantic
hurricane season

Total storms 14-21 12-17
Hurricanes 4 6-11 5-9 7
Major 3 2-5 1-4 3

hurricanes 39



Weekly OISSTv2.1 Anom. {(°C) . S

Hatch area: MHW location e =
30 AUG 2023 a9 AUG 2023 A -
=il o 3 =il — > .

HHIHT

KStrong MHW:s \

continued near the west
coast of North Africa.

- MHWs near the
Caribbean, Gulf of
Mexico were developed
in early July and
persisted through Aug
2023.

- MHWs continued near

\the Larbrador basin. /

(Left panel) Weekly SST anomaly (shaded) and locations experience Marine heat waves (hatched) by the date labelled in the plot.
(right panel) SST evolution at a specific location. Green line and blue line denote the seasonal 90" percentile and daily climatology,
respectively. Shaded area denotes the periods experiencing MHW. MHW is defined as a discrete prolonged warmer than 90t
percentile of daily SST for at least 14 days. Data is derived from NCEI OISSTv2.1 and the climatology reference period is 1991-2020

THHIHT

80 30
16 AUG 2023

SINTHT

—2.5 —1.5 —0.9 —O.8 —O.3 O.3 o.68 a.9 1.5 2.5
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Subsurface Temperature Anomaly in southern Gulf of Mexico
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- Subsurface warming near
the Florida has persisted
since 2014.
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Impact of MHWs on Corals and Marine ecosystems in Florida

MHWs Categories (July 15)

(Courtesy of Dr. Gang Liu)

NOAA Coral Reef Watch

ﬁMass coral bleaching D

n 11985 — 06 Aug 2023)

Newfound Harbor (Ja
40

Bleaching Threshold SST — 1332
i Morthly Higo — 1887
L E+d Monthly Mean Climatology  —— 138
— 19%
—_— 1G9
— 199
— 19
— 159
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[CONo Stress [IBleaching Watch [ Bleaching Warning Bl Alert Level 1 Bl Alert Level 2

Re/) Bleaching Alert Levels for 2023
N

- /

20 Ciecks

https://coralreefwatch.noaa.gov/product/marine_heatwave/

the eastern equatorial
Pacific, Caribbean, Gulf
of Mexico, and Florida
Keys resulted from
ongoing marine
heatwave starting in
June/July 2023.

- Situation in the Florida
Keys is unprecedented in
its severity & extent for
so early in the summer
season.

38




Impact of MHWs on Corals and Marine ecosystems in Florida

(Courtesy of Dr. Gang Liu)

Unprecedented (month before usual peak of heat stress/bleaching): Ongoing marine heatwave
across South Florida, the Gulf of Mexico, and the greater Caribbean has caused widespread, significant
bleaching since June. Since early July, widespread, severe bleaching and significant mortality have been
reported in many locations in the Florida Keys.

Example: Complete bleaching at Cheeca Rocks, Florida was observed July 31- August 1 by NOAA
AOML scientists & partners. Cheeca Rocks had some of the highest coral cover in the Florida Keys and
had demonstrated persistence in the wake of the 2014 and 2015 bleaching events.

Actions: NOAA and its partners have conducted rescue missions to protect local genets and ensure coral
survival, including evacuating live corals from wild habitats and natural coral nurseries to land-based
facilities. NOAA and the State of Florida have issued Interim Protocols for the Management of In-Water

Nurseries, Coral Transport, and Coral Outplanting.

Credit: Coral Restoration Credit: NOAAAOML Credit: NOAA AOML Credit: Florida FWCC
' 39
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NAO and SST Anomaly in North Atlantic

Monthly Standardized NAQO

T

2017 2018 2019 2020 2021 2022 2023

Zonal Averaged Monthly SSTA in North Adtantic (8OwW—20w, C)
(O2.1 SST Anomaly referred to 1991—2020 Climatology)
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Aug 2023.
- Strong warming continued in the
eastern North Atlantic Ocean.

S

middle latitudes were evident, due
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ENSO and Global SST Predictions



IRI/CPC Nifio3.4 Forecast

Mid-August 2023 IRl Model-Based Probabilistic ENSO Forecasts
Model Predictions of ENSO from Aug 2023 . 3
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conditions will continue through the Northern
Hemisphere winter 2023-24.
- Dynamical model ensemble mean favors of a
strong El Nifio in the coming winter.
-ENSO Alert System Status issued on 10 Aug 2023:
El Nino Advisory
- Synopsis: “El Nifio is anticipated to continue
through the Northern Hemisphere winter (with
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NMME forecasts from different initial conditions

NMME scaled Nino3.4, |IC=202306
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Individual Model Forecasts:

[ EC: Nino3.4, IC=1 Sep 2023 ]

NINO3.4 SST anomaly plume
ECMWEF forecast from 1 Sep 2023

Monthly mean anomalies relative to ERAS 1981-2010 climatology
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Oceanic ENSO Precursors: WWV & CTP

Anomalous Depth (ms) of 20C Isot erm
(Hatched areas gnal/noise >1

N JUN_2023 ENM ) ~ Anomalous Depth (m) of 20C Isotherm Averaged in [120E—80W, §S—5N]
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https://www.cpc.ncep.noaa.gov/products/GODAS/multiora93_body.html

NMME Forecasts in the Indian Ocean

NMME Sea Surface Temperature Anomalies (DecC)
0ct2023-Dec2023 September2023 initial conditions
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NMME Forecasts in the Atlantic Ocean

NMME Sea Surface Temperature Anomalies (DecC)
612025-De02023

September2023 initial conditions
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CFS Pacific Decadal Oscillation (PDO) Index Predictions from Different Initial Months

standardized PDO index
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NOAA PSL Marine Heat Wave Forecasts

Probability (NMME start Aug 2023)

Sep 2023 Forecast

MMM magnitude (masked < 30.0%)

=
— —
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Nov 2023 Forecast

60°E 120°E 180° 120°wW 60°W

Feb 2024 Forecast
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May 2024 Forecast
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MHW probability (%)
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R A R R RN NN

MHW magnitude (degC)

&hrough October 2023.

https://psl.noaa.gov/marine-heatwaves/#report

ﬂ\IMME forecasts suggest \

that MHW coverage will
remain near 50% of the global
oceans through Feb 2024.

- MHW conditions are
expected to persist in the
eastern tropical Pacific, central
North Pacific, Northwest
Pacific and tropical North
Atlantic through the end of
year.

-The MHW off the Oregon and
Washington coasts are
forecasted to weaken over the
next 1-2 months.

- MHW condition will persist

in the Caribbean Sea and

southern Gulf of Mexico
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» NCEP/CPC Ocean Monitoring & Briefing Operation (Hu et al., 2022,
BAMS)
Weekly Optimal Interpolation SST (OlIv2.1 SST; Huang et al. 2021)
Extended Reconstructed SST (ERSST) v5 (Huang et al. 2017)
Blended Analysis of Surface Salinity (BASS) (Xie et al. 2014)
CMORPH precipitation (Xie et al. 2017)
CFSR evaporation adjusted to OAFlux (Xie and Ren 2018)
NCEP CDAS winds, surface radiation and heat fluxes (Kalnay et al. 1996)
NESDIS Outgoing L.ong-wave Radiation (Liebmann and Smith 1996)
NCEP’s GODAS temperature, heat content, currents (Behringer and Xue
2004)

VV VYV VYV VYV Y

»  Aviso altimetry sea surface height from CMEMS

»  Ocean Surface Current Analyses — Realtime (OSCAR)

» In situ data objective analyses (IPRC, Scripps, EN4.2.1, PMEL TAO)
»  Operational Ocean Reanalysis Intercomparison Project

http://www.cpc.ncep.noaa.gov/products/GODAS/multiora_body.html
http://www.cpc.ncep.noaa.gov/products/GODAS/multiora93 body.html
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http://www.cpc.ncep.noaa.gov/products/GODAS/multiora93_body.html
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Global Sea Surface Salinity (SSS): Anomaly for August 2023

New Update: The NCEI SST data used in the quality
control procedure has been updated to version 2.1
since May 2020;

Enhanced convection (precipitation, E-P) is observed
across the equatorial Pacific and Atlantic, positioned
southward / northward of its climatological latitudes,
respectively over the two oceans. Positive
precipitation (E-P) is also enhanced / depressed over
the equatorial Indian Ocean / Bay of Bengal. SSS
anomalies over the above mentioned regions are
largely a reflection of the E-P anomalies there.
Freshened SSS anomalies over the Calabrian Sea and
adjacent areas are mostly attributable to the active
hurricanes / tropical storms over the region during
August.
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/SSS : Blended Analysis of Surface Salinity (BASS) V0.Z
(a CPC-NESDIS/NODC-NESDIS/STAR joint effort)
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Precipitation: CMORPH adjusted satellite precipitation estimates
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Global Sea Surface Salinity (SSS): Tendency for August 2023

A pair of zonally oriented bands of
enhanced / strengthened ITCZ
precipitation anomaly tendencies
present over the equatorial Pacific,
causing SSS tendency of similar
patterns (though much less
organized). Dry precipitation / E-P
tendencies also appear over the
Bay of Bengal and Arabian Sea,
contributing to the saltier SSS
tendency there.
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Monthly SSS Anomaly Evolution over Equatorial Pacific

KOTE: Since June 2015, the BASS Q
is from in situ, SMOS and SMAP;

before June 2015,The BASS SSS is
from in situ, SMOS and Aquarius.

 Hovermoller diagram for
equatorial SSS anomaly (5°S-5°N);

e SSS anomalies over the western
and central equatorial Pacific
(130°E-180°) now turn into
negative (freshened), after a multi-
year continued saltier SSS. SSS
anomalies over the eastern
equatorial are less directly
influenced by E-P in general and

exhibit slightly positive (saltier)
Krecently. j

Sea Surface Salinity
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Pentad SSS Anomaly Evolution over Equatorial Pacific

ﬁigure caption: Hovermolle}

diagram for equatorial (5°S-
5°N) 5-day mean SSS, SST
and precipitation anomalies.
The climatology for SSS is
Levitus 1994 climatology.
The SST data used here is
the OISST V2 AVHRR only
daily dataset with its
climatology being calculated
from 1985 to 2010. The
precipitation data used here
is the adjusted CMORPH
dataset with its climatology
being calculated from 1999
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Evolution of Pacific Nino SST Indices

Monthly Trapical Pacific SST Anamaly
Cold Tongue Index (Ren and Jin 2011)
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Pacific Decadal Oscillation (PDO) Index
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negative phase since Jan 2020
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North America Western Coastal Upwelling

Standard Positions of Upwelling Index Calculations\

Pentad Coastal Upwelling for west Coast North America
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North Pacific & Arctic Ocean: SSTA, SSTA Tend., OLR, SLP, Sfc Rad, Sfc FIx Anomalies
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N. Atlantic: SST, SST tend., OLR, SLP, & heat flex anom.
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CFS Nino3.4 SST Predictions from Different Initial Months

NINO3.4 SST anomalies (K)
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NCEP CFS DMI SST Predictions from Different Initial Months

Indian Ocean Dipole SST anomalies (K)
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CFS Tropical North Atlantic (TNA) SST Predictions from Different Initial Months
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