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Overview

e Pacific Ocean

ENSO neutral conditions continued with Nifo3.4 =-0.1°C in Aug 2024.

The positive SSTA and a strong negative phase of the PDO persisted in the North Pacific
with PDOI =-1.9 in Aug 2024.

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

e Arctic & Antarctic Oceans

The average Arctic sea ice extent for Aug 2024 was 5.2 million km?, ranking as the fourth
lowest August since 1979.

Antarctic sea ice extent continues to track as the 2"d historical low value.

CPC forecasts a below-normal Arctic sea ice extent minimum in Sep 2024.

* Indian Ocean

Positive SSTAs dominated the tropical Indian Ocean basin in Aug 2024.
The Indian Ocean dipole (I0D) was neutral in Aug 2024.

e Atlantic Ocean

Hurricane activity was relatively quiet in Aug 2024.

Strong Marine heat waves persisted in the north tropical Atlantic and the central
extratropical Atlantic Ocean .

Patterns of SST, OLR and low-level wind anomalies over Jun-Aug 2024 were consistent
with impact of tropical Atlantic meridional mode on local climate.




Global Oceans
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Global SST Anomaly (°C) and Anomaly Tendency

west-central Pacific Ocean, while
were near to below average SSTs
were present in the eastern
Pacific.

- Strong positive SSTAs continued

in the mid-latitude of the North

Pacific and North Atlantic Oceans.

- Positive SSTAs dominated the
tropical Atlantic, Indian and
Southern Oceans.

ﬂSTs were above average in thA

/-Both positive and negative SSTA

tendencies were observed in the
North Pacific and Atlantic Oceans.
- Weak SSTA tendencies were
present in the central-eastern

\equatorial Pacific Ocean.

/

SSTAs (top) and SSTA tendency (bottom). Data are derived from the Olv2.1 SST analysis, and anomalies are departures from
the 1991-2020 base period means.
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Longitude-Depth Temperature Anomaly and Anomaly Tendency in 2°S-2°N

AUG 2024 Eq. Temp Anomaly (°C)
(GODAS, Climo. 91-20)
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ﬂ\legative temperature

anomalies persisted along the
central-eastern thermocline in
the Pacific, while positive
temperature anomalies
continued in the western Pacific.
- Positive temperature
anomalies were present in the
upper 150m of the Indian
Ocean.

- Positive temperature anomaly
dominated the upper ocean of
the Atlantic.

/-Both positive and negative \

temperature anomaly tendencies
were present along the
thermocline in the Pacific Ocean.
- Negative temperature anomaly
tendency emerged in the eastern

Qtlantic Ocean. /

Equatorial depth-longitude section of ocean temperature anomalies (top) and anomaly tendency (bottom). Data is from the 6
S NCEP's GODAS. Anomalies are departures from the 1991-2020 base period means.



Global Monthly SST anomaly and Marine Heat Waves

QISSTv2.1 AUG2024 SST Anom. (°C)
Hatch area: MHW on AUG-2024-31

ﬁvIHWs were present in\

much of the central North
Atlantic, tropical North
Atlantic, north central -
western extratropical
Pacific and southern
tropical Indian Oceans.

- MHW emerged in the
Barents Sea and Kara Sea.
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Tropical Pacific Ocean and ENSO
Conditions



Evolution of Pacific Nino SST Indices

Monthly Tropical Pacific SST Anomaly
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m\liﬁo3.4 switched to negative phase in Aug 2024, \

with Nino3.4 = -0.1°C.

- Nino4 remained near 0.5 °C.

- Compared with Aug 2023, the tropical eastern
Pacific was cooler in Aug 2024

- The indices may have differences if based on

\different SST products.
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Tropical Pacific: SSTA, SSTA Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Winds
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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 westward currents have been observed since mid-Dec 2023 with a weakening since May 2024.
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- Anomalous westward currents strengthened in the eastern Pacific during Aug 2024 in GODAS, while were near
average in OSCAR.




Equatorial Pacific Ocean Temperature Pentad Mean Anomaly
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KNegative ocean

temperature anomalies in

the central Pacific
weakened during Aug
2024.

- Positive SSTA persisted
in east of 1502W in TAO,

while negative SSTAs

were observed in GODAS.
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Potential Impact of Missing TAO DATA on GODAS

# of in|y Temp. Profiles in AUG 2024 # of Daily Temp. Profiles in Upper 300m [120E—80W,10S—10N]
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Anomalous Temperature (C) Averaged in 15-1N: AUG 2024
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! 40 "
1004, . 100+

1w!s' 180 ;'
m-' o
2501 204
ki ' 0

GFOL BOM

51 0!

1001 | 1001

1501 | (501

201 ' " |

25 204 |

m m. !

MET MERCATOR NCEP CFSR

% ‘v 01 i

) ‘ 1001 g

m, w 0] b

2001 201 ri

25 %04 i

0 30 ’

ENS. Meon Spread SN Ratio _
0 | 50- | Log il LN
1001 001 ! H jﬁ
150 150- 5 kwﬂ
201 2+ ' X

2 20 ! 0

1} S E— ' I —. '} I S —
{20 (50 180 (50N (20W OOW {X€ (€ B0 (0N (2N OW (206 (S0E 10 (0N (2N 0N
T T T T T o (T
-4 =3 -2 -1-050 051 2 7 4 5 6 24 6 B 12

AUG 2024 = JUL 2024 1S-1IN Temp Anamaly (C)

NCEP GODAS

JMA

ECMWF

sEzsse

GFOL

100 i
1% i
wl

bi

m T T T T T
{2 150E 180 150W 120 oW

-l -1-080 0512

T 458

sEEsse

NCEP CFSR

we—
(MF € 180 (50 (2 O

14




Anomalous Temperature (C) at z=5m minus QISST: AUG 2024
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North Pacific & Arctic Oceans




Last 3- month North Pacific SST, SLP, and uv925 anomalies
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Pacific Decadal Oscillation (PDO) Index
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ﬁf he PDO has been in a negative\

phase since Jan 2020 and weakened
slightly with PDOI = -1.9 in Aug
2024.

- Statistically, ENSO leads PDO by
3-4 months, through teleconnection
via atmospheric bridge, with El
Nifio (La Nifia) associated with
positive (negative) PDO Index, but
this relationship has weakened in
recent years.
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Subsurface Temperature Anomaly in the Northcentral Pacific

Anomalous Temperature (C) in [160E—150W, 30N—45N]
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ﬁPositive temperature anomaly

(>0.92C) has persisted in the
upper 100m since 2020, and
penetrated to 300m since Jul
2024.

- Subsurface warming in the last
four years is the strongest
episode since 1979.
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Two Oceanic PDO indices

SST-based PDO (Wen et al. 2014: GRL)

2.5+

- The negative phase of PDO
has persisted since Jan 2020
with PDOI =-1.9. in Aug2024.
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- Negative H300-based PDO
index has persisted since Nov
2016, with HPDO =- 2.2 in Aug

-25- 2024.
T 1985 1990 1995 2000 2005 2010 2015 2020 2025
- SST-based PDO index has
considerable variability both
H300'based PDO (Arun and Wen 2016:MOH.W€3.RGV.) on Seasona| and decadya| 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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Weekly SST anomaly and MHWs in the North Pacific

Weekly 0OISSTv2.1 Anom. (°C)
Hatch area: MHW location
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/-IVIHWS have persisted in\
the central North Pacific
since early May, but the
coverage area varied

owing to high frequency of

\atmosphere circulation. /

(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

21

percentile of daily SST for at least 14 days. Data is derived from NCEI OISSTv2.1 and the climatology reference period is 1991-2020




Extent (millions of square kilometers)

Arctic Sea Ice; NSIDC (https://nsidc.org/sea-ice-today)

Sea Ice Extent, Aug 2024
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- Average Arctic sea ice extent
during Aug 2024 was 5.2 million
square kilometers, ranking as the
fourth lowest Aug in the satellite

record.
N /
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Antarctic Sea Ice; NSIDC (https://nsidc.org/sea-ice-today)

Sea Ice Extent, 31 Aug 2024
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- Antarctic sea ice extent continues to track as the second lowest ice extent in

the satellite data record.
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NCEP/CPC Arctic Sea Ice Extent (SIE) Forecast

Arctic sea ice extent (SIE) forecast
Experimental UFS initialized August 21-—-25, 2024
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https://www.cpc.ncep.noaa.gov/products/people/jszhu/seaice seasonal/index.html

- CPC forecasts call for a below normal sea ice extent minimum in the Arctic in Sep
2024.
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Indian Ocean
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Evolution of Indian Ocean SST Indices

Indian Ocean Dipole Mode Indices

(0ISSTv2.1, 1991-2020 Climatology)
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- Basin wide SST warming continued in the

tropical Indian Ocean.

- Indian dipole mode was near neutral in Aug

2024.
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Tropical Indian: SSTA, SSTA Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Wind Anom.

AUG 2024 SST Anom. (°C) 28AUG2024 — 31JUL2024 SST Anom. (°C)
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Tropical and North Atlantic Ocean




Evolution of Tropical Atlantic SST Indices
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- Meridional gradient mode index remained well
above average since Jun 2024, indicating the presence
of a strong positive meridional mode phase.

- ATL3 index was near average in Aug 2024.




Impact of Atlantic Meridional Mode (MM) on African climate

JUN 2024 SST Anom. (°C) JUN 2024 OLR Anom. (W
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Shaded: SSTA Vector: 10m
wind, Contour: precipitation

/—Patterns of SSTA, wind anomaly \
and OLR anomalies over the past
three months are consistent with
the impact of positive MM on the
African and South American
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Tropical Atlantic: SST, SST tend., TCHP, OLR, 200 hPa wind, wind share, heat flex, & RH anom.
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Weekly anomaly and IVMIHWS In the North Atlantic

Weekly QISSTv2.1 Anom. (°C)

Hatch area: MHW location

28 AUG 2024 Q7 AUG 2024
0N LemEra = e =

BEEEERERE

a )

- Strong MHW:s persisted in
the northern tropical
Atlantic and the central
extratropical Atlantic

Q)cean. /

21 AUG 2024

BEEEeigal

FHTITIET

—2.5—-1.5 —0.9 —0.8 —0.3 0.3 0.6 40.9 1.5 2.5

Weekly SST anomaly (shaded) and locations experience Marine heat waves (hatched) by the date labelled in the plot. MHW is defined
as a discrete prolonged warmer than 90" percentile of daily SST for at least 14 days. Data is derived from NCEI OISSTv2.1 and the

. .. 32
climatology reference period is 1991-2020




mpact ot IMHWS on tropical storm trac

Weekly OISSTv2.1 Anom. (°C)

Hatch area: MHW location

28 AUG 2024 Q7 AUG 2024
é#_?— — = :-.__5, “"#_:“' — =

Hurricane Ernesto. Aug 12-Aug 20

ST

Hurricane Debby. Aug 3-Aug 9
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Evolution of SST anomaly in the North Atlantic
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- SST warming in the hurricane main
development region ranked the 2nd
warmest Jun-Aug since 1982, nearly

\matching the record high set in 2023

'J
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Evolution of 200mb-850mb Wind Shear Anomaly

200mb — 850mb Wind Shear Anom. (m/s): JUN—AUG 2024

JUN—AUG WIndSheor Anomaly
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- Statistically, wind shear
tends to enhance (weaken)
over the Hurricane Main
Development region (MDR,
green box) during El Nifio (La
Nifia) events.

- Negative wind shear
anomalies dominated in the
MDR during Jun-Aug 2024,
favouring tropical storm
development.
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2024 Atlantic Hurricane Season Outlook Update

X7 71124 Atlantic Hurgig :Season Oilook,

Named storms
17 -25

Hurricanes
8-13
: : Named storms
Major hurricanes {17 AL
4-7

Above normal Near normal Below normal

Season probability Hllrri[:alles
8-13

Be prepared: Visit hurricanes.gov and follow @NWS and @NHC_Atlantic on X.
Major hurricanes
4-7
Above normal Near normal Below normal

Season probability

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

KNOAA forecasters have increased the likelihood of an above-normal Atlantic hurricane season from 85%ih
outlook issued in May to 90% in August outlook update.
- Main climate factors expected to influence the 2024 Atlantic hurricane activity are :
Continuous of warm phase of AMO
Near historical high record of SST over the MDR
Below normal 200-850hPa wind shear
Enhanced west African monsoon
High chance of La Nina development during peak of the hurricane season
\(https://www. cpc.ncep.noaa.gov/products/outlooks/hurricane.shtml) 26




2024 Atlantic Hurricane Season Activities

ﬂy Sep 8 2024, five tropical \

storms formed, with one
developing into major
hurricane and two into
hurricanes.

- No named storm formations
since Ernesto on Aug 12.

- Dry Saharan air was
considered as an important
factor that prevented tropical

https://en.wikipedia.org/wiki/2024 Atlantic
_hurricane season

storm development.

Total storms 17-24
Hurricanes 3 8-13
Major 1 4-7

hurricanes

17-25
8-13 7
4-7 3
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NAO and SST Anomaly in North Atlantic
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KPositive NAO decreased in Aug 2024,\
with NAO index=0.7.

- Strong warming continued in the
eastern North Atlantic Ocean.

- The prolonged positive SSTAs in the
middle latitudes were evident, due to
dominance of the positive phase of

\NAO during the last 5-6 years. )




ENSO and Global SST Predictions
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https://www.cpc.ncep.noaa.gov/products/GODAS/multiora93_body.html

DJF Nino34 predictions based on ENSO precursors

NINO3.4 Index DJF 1994-2024
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IRI/CPC Nifio3.4 Forecast

~

0 Model Predictions of ENSO from Aug 2024 \
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- Most of models predict ENSO neutral
condition through Sep-Nov, with borderline La
Nifia conditions developing during Oct-Dec
2024, followed by a transition to neutral
conditions during JFM 2025.

- On 9 Aug 2024, CPC maintained a “La Nina
Watch”.

- Synopsis: “ENSO-neutral is expected to
continue for the next several months, with La
Nina favored to emerge during September-
November (66% chance) and persist into the
Northern Hemisphere winter 2024-25 (74%
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Individual Model Forecast

Anomaly (deg C)

[ EC: Nino3.4, IC=1 Sep 2024 ]

NINO3.4 SST anomaly plume
ECMWEF forecast from 1 Sep 2024
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NMME forecasts from different initial conditions

T T T T T T T
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NINO34 in La Nina Years following El Nino conditions

NINO34 La Nina flowing El Nino Composites
— 2024 B

R S TSI T WS M W) RS S S S M Tt +

JO MO MO JO SO NO J1 M1 M1 J1 S1 N1

Following strong EI Nino events: 1983, 1998,2016
Following moderate EI Nino events: 1988, 2007, 2010
Following weak El Nino events: 1995, 2005, 2020

45
(Nino 34 and NINO1+2 indice are derived from the NCEP Ol SST analysis, and anomalies are departures from the 1991-2020 base W
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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 [5S-5N]
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NMME Forecasts in the Indian Ocean

NMME Sea Surface Temperature Anomalies (DecC)
Oct2024-Dec2024 September2024 initial conditions
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NMME Forecasts in the Atlantic Ocean

NMME MDR[9OW—18W,9N—21N] fcst, IC=202409

NMME Sea Surface Temperature Anomalies (DecC)
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CFS Pacific Decadal Oscillation (PDO) Index Predictions from Different Initial Months
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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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Global Sea Surface Salinity (SSS): Anomaly for August 2024

New Update: The NCEI SST data used in the quality SSS (PSU) Aug. 2024

ST

control procedure has been updated to version 2.1 40N 5
since August 2020;

Strong positive SSS anomalies are found over certain 208
mid-latitude regions of the Pacific and Atlantic ».
oceans, while strong negative anomalies in some - (r;ff 180 1o o0
higher latitudes of Pacific and Atlantic as well as T
northern Indian ocean. The SSS anomaly patterns are
overall consistent with the E-P flux anomaly patterns
over the Pacific and Indian Oceans, which is more
dominated by the precipitation anomalies over these
regions. In the meantime, the consistency between
the SSS and E-P flux in the southern Atlantic and
Indian Oceans is less obvious.
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/SSS : Blended Analysis of Surface Salinity (BASS) V0.Z \
(a CPC-NESDIS/NODC-NESDIS/STAR joint effort)
ftp.cpc.ncep.noaa.gov/precip/BASS
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Precipitation: CMORPH adjusted satellite precipitation estimates
Cvaporation: Adjusted CFS Reanalysis J




Global Sea Surface Salinity (SSS): Tendency for August 2024

The global SSS tendency in August
2024 is overall weak and with
mixed signs. The Precipitation are
generally decreasing along the
equator but enhancing off equator
in the Pacific, whereas strong
precipitation increase is found in
the equatorial Indian ocean but
decrease north of the equator. The
E-P flux patterns seem to be more
dominated by the precipitation
patters. Overall, the SSS trend
doesn’t show pronounced large
scale pattern for this month.
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Monthly SSS Anomaly Evolution over Equatorial Pacific

Sea Surface Salinity
2010
m)TE:Since August 2015, thm - 2

BASS SSS is from in situ, SMOS

and SMAP; before August 212
2015,The BASS SSS is from in 2013
situ, SMOS and Aquarius. 2014 {0
*Hovermoller diagram for 2015 o
equatorial SSS anomaly (5S- ek

5°N);

*Decreased SSS is found over
the warm pool region, but
increased over the central
Pacific. SSS increasing is also

found over the equatorial
eastern Pacific. 2022
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Pentad SSS Anomaly Evolution over Equatorial Pacific

/Figure caption:

Hovermoller 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 to
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Equatorial Pacific SST (°C), HC300 (°C), u850 (m/s) Anomalies

29S—2°N Average, 3 Pentad Running Mean

SST Heat Cocntent
AUGZO23 v Q os
SEP2023 - ?
ocrzoza—ﬂ) éfb
NOWZ2023 - [:“E
1
DEC2023 -
JANZOZA ) o
FEBZO244 [ g e | B g s
MAR2024-{
APR2024 -
MAY2024 - QQ’ o,
~ % 2 -
JUN2024 - 1
JuLzo244 |
AUG2024 -
.' . A7) A . { ; N
1Z0E  150E 18C S0W 120E 150E  18C  150W 120W 90W1Z0E
(55 s ) s B D O B B W S |
-34-3-28-2-18-1-050 08 1 143 2 25 3 3.8
(5 s s o — —— — —

U350

€ m e

- O

——

-
.
4 "
- r
C
.
=

&

——
.

~-

T ——rr

-

150E

180

4
150W  120%W 90w
| | | I N B |
—14+12-10-8-868—-4-2 0 2 4+ B8 8 1012 -
T o

-21-18-15-1.2-09068-03 0 0.3 46 D09 1.2 1.5 1.8 L1

-Negative SSTA in the eastern Pacific enhanced slightly in Jul 2024, while positive SSTA persisted west of 1502W.
- Negative H300 anomaly increased slightly in the eastern Pacific during Aug 2024.

re-strengthening of subsurface cooling in the eastern Pacific.

- Easterly wind anomalies persisted over much of central-eastern equatorial Pacific during Aug 2024, contributing to}
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Degree C Degree C Degree C

Degree C

Evolution of Pacific Nino SST Indices

Cold Tongue Index (Ren and Jin 2011}

Monthly Tropical Pacific SST Anomaly
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- Relative Nifio3.4 index is now included in
ENSO monitoring, which is defined as the
conventional Niflo3.4 index minus the SSTA
averaged in the whole tropics (0°-360°, 20°S-
20°N), in order to remove the global
warming signal. Also, to have the same
variability as the conventional Nifio3.4
index, the relative Nifo3.4 index is
renormalized (van Oldenborgh et al. 2021:
ERL, 10.1088/1748-9326/abe9ed).

Relative Nino3.4 data updated monthly at:

https://www.cpc.ncep.noaa.gov/data/indices/
RONI.ascii.txt
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North Pacific & Arctic Ocean: SSTA, SSTA Tend., OLR, SLP, Sfc Rad, Sfc FIx Anomalies
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North America Western Coastal Upwelling
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mpact ot extremely Warm Atlantic on 2025 RHurricane Activity

SST Configurations
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- Extremely warm Atlantic was the > O an }M' o o s

primary driver of the reduced vertical . o ﬁ
wind shear over the hurricane main |
development region. — /4
- The unique spatial pattern of 2023 El VWSZ‘;:OP&:” EEll_","\IVIVN%’FV,VAg“ -~ wwsm,;,m o 0
Nifio contributes to increased levels of “ g
vertical wind shear than historical

Qoderate/strong El Nifo composite. /

Klotzbach et al, 2024: The 2023 Atlantic Hurricane Season: An Above-Normal Season Despite
Strong El Nifio Conditions Bull. Amer. Meteor. Soc. https://doi.org/10.1175/BAMS-D-23-0305.1
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North Atlantic Ocean: SSTA, SSTA Tend., OLR, SLP, Sfc Rad, Sfc FIx Anomalies

AUG 2024 SST Anom. (°C) 28AUG2024 — 31JUL2024 SST Anom. (°C)
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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

Tropical N. Atlantic SST anomalies (K)
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- CFSv2 has large cold
bias at 0-month lead
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Monthly SST Anomaly in the Atlantic Ocean

AUG 2024 Monthly SST Anomaly (°C)
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Anomaly

§

ﬁ\ISST provide SST nudging source for CFSh

- NSST was cooler than other SST analysis in
most of tropical Atlantic Ocean.

- NSST anomaly in the northern tropical
Atlantic Ocean region was colder than OISST
v2.1 anomaly by 0.5C in Aug 2024.

- NSST cold bias at least partially
contributed to cold bias in CFSv2 short-lead
forecasts.
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