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Overview

e Pacific Ocean

ENSO neutral conditions persisted with Nino3.4 = 0.2°C in Jun 2024.

NOAA “ENSO Diagnostic Discussion” on 11 Jul 2024 continued with “La Nifia Watch.”
The positive SSTA in the North Pacific continued and the negative phase of PDO
strengthened with PDOI =-2.4 in Jun 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 Jun 2024 was 10.9 million km?, ranking the 12t
lowest Jun since 1979.

Antarctic sea ice extent continues to track at the 2" 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 Jun 2024.
The Indian Ocean dipole (IDO) was neutral in Jun 2024. Most of NMME models suggest

that 10D will remain neutral through winter 2024.

e Atlantic Ocean

NOAA's outlook for the 2024 Atlantic Hurricane Season indicates that an above-normal

season is most likely.
Strong Marine heat waves have persisted in the north tropical Atlantic since May 2023.




Global Oceans



Global SST Anomaly (°C) and Anomaly Tendency
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[SSTS were above average in the\

present in the eastern Pacific.

- Strong positive SSTAs were
observed in the mid-latitude of
North Pacific.

- Positive SSTAs dominated the
Atlantic, Indian and Southern

chans.

west-central Pacific Ocean, while
near to below average SSTs were

/

/- Positive (negative) SSTA
tendencies were present in the
western (eastern) North Atlantic
Ocean.

- SSTA tendencies were mostly
negative in the tropical Atlantic

\Ocean.

~
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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
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/-Positive temperature anomaly\

\in the Atlantic Ocean. /

ﬂ\legative temperature

anomalies persisted near the
central-eastern thermocline in
the Pacific.

- Positive temperature
anomalies dominated the
upper 150m of Indian Ocean.
- Negative temperature
anomaly was present near the
thermocline in the Atlantic
Ocean.

tendency dominated the Pacific
Ocean.

- Both positive and negative
anomaly tendencies were
present along the thermocline

Equatorial depth-longitude section of ocean temperature anomalies (top) and anomaly tendency (bottom). Data is from the J 6

S NCEP's GODAS. Anomalies are departures from the 1991-2020 base period means.



Global Monthly SST anomaly and Marine Heat Waves

0ISSTv2.1 JUN2024 SST Anom. (°C)
Hatch area: MHW on JUN-2024-30
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KMHWS were observed in
much of the north tropical
Atlantic, east of
Newfoundland, western
equatorial Pacific, portions
of the Southern Oceans

\and north of Madagascar.




Tropical Pacific Ocean and ENSO
Conditions



Evolution of Pacific Nino SST Indices

Monthly Tropical Pacific SST Anomaly
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KBoth Nino3.4 and Nifio3 were near average in Jun\

2024, with Nino3.4 = 0.2°C.
- Nino4 remained above 0.5 °C.

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

- The indices may have differences if based on

\different SST products.

/




Tropical Pacific: SSTA, SSTA Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Winds
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Last 3- month tropical Pacific SST, OLR, and uv925 anomalies
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Equatorial Pacific SST (°C), HC300 (°C), u850 (m/s) Anomalies
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/- Negative SSTA have emerged in the far eastern Pacific since Mar 2024, and then extended westward. The below average
area contracted slightly in Jun 2024.

- Negative H300 anomaly has persisted in the central-eastern Pacific since Mar 2024.

- Westerly wind anomalies were present over much of equatorial Pacific during early Jun, contributing to weakened SSTA in
Che eastern Pacific. Y. 12




Equatorial Pacific Ocean Temperature Pentad Mean Anomaly
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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 and weakened since May 2024.

- Anomalous eastward current emerged in the central-eastern Pacific in Jun 2024, which were consistent with the

weakened SST cooling in the eastern Pacific. 1




North Pacific & Arctic Oceans
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North America Western Coastal Upwelling
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/-Anomalous upwelling \

dominated south to 40N
since May 2024,
contributing to SST

\cooling along the coast. )




Weekly SST anomaly and MHWs in the North Pacific
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(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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Pacific Decadal Oscillation (PDO) Index
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ﬁf he PDO has been in a negative\

phase since Jan 2020 and
strengthened with PDOI =-2.4 in
Jun 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 weakened in recent
years.




150 4

250 -

100 1

Subsurface Temperature Anomaly in the Northcentral Pacific

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

1979rent
\ |

1980 1985 1990 1995 2000 2005 2010

Laat 10 vear

2015

2020

) I S —
-2.5-1.5-0.9-0.6-0.30.3 0.6 0.9 1.5

1st EOF of monthly ERSST v3b

20N + T= v —
120E 140E  160E 180 160w  140W  120W  100W

25

4

55
S0
e
on
£
e
20
TOE 1€ 10E  MOE IS0 IME  TOE 10 10w 16w 1S 140w 1300 1
\ —_I_I_I_E_
~1-0.9-0.8-0.7-0.6-0.5-0.4-0.5-0.2-0.10.1 0.2 0.3 0.4 0.5 0.6 0.7 0.50.91/

KPositive temperature anomaly

(>0.92C) has persisted in the
upper 100m since 2020, and

four years is the strongest
episode since 1979.

2015 2017 2018 2018 2020 2021

-15 1.2 09 0603 43 08 09 1.2 L5

2022

2023

2024

-

\

penetrated to 250m in Jun 2024.

- Subsurface warming in the last
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Two Oceanic PDO indices

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

- The negative phase of PDO
has persisted since Jan 2020
with PDOI =-2.4.in Jun 2024.

- Negative H300-based PDO
index has persisted since Nov
2016, with HPDO =- 2.3 in Jun
2024,

-3

1980 1985 1990 1995 2000 2006 2010 2015 2020
- SST-based PDO index has
H300-based PDO (Arun and Wen 2016:Mon.Wea.Rev.) considerable variability both
5 on seasonal and decadal time
54 scales.

- H300-based PDO index

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

che upper ocean.

1980 1985 1990 1995 2000 2005 2010 20615 2020
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Arctic Sea Ice; NSIDC (http://nsidc.org/arcticseaicenews)

Average Monthly Arctic Sea Ice Extent Sea Ice Extent, Jun 2024
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£a2s

€

E

=2

Z 12 =
o

3 g

o o

;‘: 11.5 :-5_:

E F

= 11 -

E s

b= 3

= 8

£ 105 L

w 2
S
B

10%
1980 139B4 1968 1992 1996 2000 2004 2008 2012 2016 2020 2024

Year

Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)

— 2024
— 2023
— 2022
— 2021
8 —2020
-~ 2012

median ice ed

1981-2010 Median
s Interquartile Range
Interdecile Range
Mar Apr rMay Jun Jut
a3 p4 3004

Extent {millions of square kilometers)

Nebical Snow and ke Date Conter, Unfveraity of Coforado Doulder

Total extent = 10,9 million sq km

- Average Arctic sea ice extent during Jun 2024 was 10.9 million square kilometers, the 12" lowest Jun in the
satellite record.
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Antarctic Sea Ice; NSIDC (http://nsidc.org/arcticseaicenews)

Antarctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)

Sea Ice Extent, Jun 2024
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Total extent = 11.8 million sq km

1981-2010 mean = 13.4 million sq km
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National Snow and Ice Data Center, University of Colorado, Boulder

slope = -0.4 = 1.2 % per decade

[ - Antarctic sea ice extent continues to track 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 June 21-25, 2024
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https://www.cpc.ncep.noaa.gov/products/people/jszhu/seaice seasonal/index.html

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

Indian Ocean Dipole Mode Indices
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Tropical Indian: SSTA, SSTA Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Wind Anom.
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tendencies were present
in the central-eastern
(western) tropical Indian
Ocean.

- Westerly wind anomaly
weakened in Jun 2024,
consistent with neutral
phase of IOD.
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Tropical and North Atlantic Ocean




Evolution of Tropical Atlantic SST Indices
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- Positive SSTA in the tropical south Atlantic
weakened in Jun 2024, contributing to the enhanced
Meridional mode index.

- Positive ATL3 index decreased by 0.7 °Cin Jun 2024.




Last 3-month Atlantic SST, OLR & uv925 and D20 anomalies

APR 2024 SST Anom.
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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 OISSTv2.1 Anom. (°C)
Hatch area: MHW location

26 JUN 2024 a5 JUN 2024

BEbyEEEYE

19 JUN 2024 29 MAY 2024

: K Strong MHW:s persisted \

in the northern tropical
Atlantic.

- New MHWs developed
west of Newfoundland in

KJun 2024. j

TTHIH

353588838

—2.5 —1.5 —0.9 —O0.8 —OC.3 O.3 .8 a.9 1.5 2.5

(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 32
percentile of daily SST for at least 14 days. Data is derived from NCEI OISSTv2.1 and the climatology reference period is 1991-2020




’rolonged IVIHVWS In the northern tropica
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(’ - MHWs in the northern
25 v . tropical Atlantic has
\ persisted since May 2023.
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| Above normal

Near normal
Season probability

Below normal

Named storms
17-25

Hurricanes
8-13

Major hurricanes
4-7

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

K May 23, 2024: NOAA\

CPC forecast a range of
17-25 total named
storms. Of those, 8-13
could become
hurricanes, including 4-
7 major hurricanes
(category 3, 4 or 5).

- The corresponding
climatological averages

@e 14,7, & 3. }

K‘. ... the continuation of the high-activity era for Atlantic hurricanes, which began in 1995 in \
association with a transition to the warm phase of the Atlantic Multidecadal Oscillation (AMO).
The recently observed and predicted atmospheric conditions for ASO 2024 reflect the warm
AMYV phase....
The SSTs in the MDR (North Atlantic) are at (near) record high levels.

.... a 77% chance that La Nifia conditions will develop through the hurricane season....”

\(https://www. cpc.ncep.noaa.gov/products/outlooks/hurricane.shtml)




2024 Atlantic Hurricane Season Activities

/— By Jul 10 2024, three A

tropical storms formed, with
one developing into major
hurricane

N ' /

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

Total storms 17-25

Hurricanes 1 8-13 7

Major hurricanes 1 4-7 3 35
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NAO and SST Anomaly in North Atlantic

Monthly Stundurdized NAQ
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Zonal Averaged Monthly SSTA in North Adtantic (80w—20wW, C)
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KNAO was near-normal in Jun 2024. \
- 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. J




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

IRI/CPC Nifio3.4 Forecast

Model Predictions of ENSO from Jun 2024
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- Most of models favor ENSO neutral
condition through Sep-Oct and La Nifia
since Oct-Dec 2024.

- On 11 Jul 2024, CPC maintained a “La Nifa
Watch”.

- Synopsis: “ENSO-neutral is expected to
continue for the next several months, with
La Nina favored to emerge during August-
October (70% chance) and persist into the
Northern Hemisphere winter 2024-25 (79%
chance during November-January) ”
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CFS Nino3.4 SST Predictions from Different Initial Months

 C=0ct2023

NINO3.4 SST anomalies (K)
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NMME forecasts from different initial conditions

NMME scaled Nino3.4, |IC=202404 NMME scaled Nino3.4, IC=202405

CagCM4i N

E F__CGFSv2 _ _______ ~
g N N v ] F " GEM5_NEMO
.o N

-1F NCAR GCCaMa : NCAR_CCSM4

—2§ 1 1 1 1 1 1 1 _2 z_

Dec Feb Apr Jun Aug Oct Dec

NMME scaled Nino3.4, IC=202406
—r 1 1 T T Tt T T T T — NMME scaled Nino3.4, IC=202407

T T T T L) Ll L) Al T L4 Ll

_____________________________________

CanCM5

b - -, - - - —— - -

GFDL SPEAR _ E R
NCAR_CCSM4 E -1F  NCAR_Ccsma
E -2f
Mar May Jul Sep Nov Jan Feb Apr Jun Aug

41




Individual Model Forecast

—
| EC:Nifio3.4,1C=1Jul 2024 | [ UKMO: Nifio3.4, Updated 11 Jul 2024
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Anomalous Temperature (C) Averaged in 1S—1N: JUN 2024 .
NCEP GODAS A ECMWE - Compared with other ocean

300
NCEP CFS

- Both ECMWF and GFDL have
greater H300 anomaly in the tropical
Pacific during the last four years,
which is consistent with difference in
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NMME Forecasts in the Indian Ocean

NMME 10D fest, 1C=202407 “\\\\

NMME Sea Surface Temperature Anomalies (DecC)
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NCEl Olv2.1 daily analysis
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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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Ohesrvations

predictions call for

above-normal SST in
the tropical North
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- CFSv2 has large cold
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Monthly SST Anomaly in the Atlantic Ocean

JUN 2024 Monthly SST Anomaly (°C)
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Tropical N. Atlantic SSTA (°C)
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- NSST provide SST nudging source for\
CFSR.

- 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 0.6C in Jun 2024.

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

lead forecasts.
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NMME Forecasts in the Atlantic Ocean
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CFS Pacific Decadal Oscillation (PDO) Index Predictions from Different Initial Months

standardized PDO index
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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 June 2024

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

The SSS exhibits positive anomalies in many regions
over the Pacific and Atlantic oceans, while negative
anomalies in the northern Indian ocean and the sea
water around the mainland Southeast Asia. The
anomalous pattern in the Indian ocean is partly due
to large fresh water run off since it’s much stronger
than what can be explained by the E-P anomalies
alone. The Pacific ITCZ is enhanced; the SPCZ is also
enhanced largely. The E-P anomalies are dominated
by the precipitation anomalies over these regions,

thus the salinity anomalies show overall consistent
anomaly patterns.

(s

E

o

Precipitation: CMORPH adjusted satellite precipitation estimates

SS : Blended Analysis of Surface Salinity (BASS) V0.Z \
(a CPC-NESDIS/NODC-NESDIS/STAR joint effort)
ftp.cpc.ncep.noaa.gov/precip/BASS

vaporation: Adjusted CFS Reanalysis )
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Global Sea Surface Salinity (SSS): Tendency for June 2024

The global SSS tendency in June
2024 is overall weak and with
mixed signs. The Precipitation are
generally decreasing along the
equator but enhancing off
equator. Strong decreasing of
precipitation is found in the
tropical Indian ocean, while
increasing . Stronger SPCZ is found
with further extended
precipitation into southern Pacific
ocean. Large scale trends in the
evaporation (e.g.,
decreasing/increasing in the
western/eastern side of Pacific)
are found, but still dominated by
the precipitation trends. 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
NJTE: Since June 2015, the\ 2010 -—
BASS SSS is from in situ, SMOS =

and SMAP; before June Jo12
2015,The BASS SSS is from in
situ, SMOS and Aquarius.

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

* Decreased SSS is found
over the equatorial -
western Pacific, but is 2019
increased over the central 2020 188
Pacific. Freshening is also 2021 {0
found over the equatorial 2022
eastern Pacific. Generally,
these anomalies are not
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Pentad SSS Anomaly Evolution over Equatorial Pacific

/Figure caption:

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

@13.
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Degree C Degree C Degree C

Degree C

Evolution of Pacific Nino SST Indices

Monthly Trapical Pacific SST Anamaly
Cold Tongue Index (Ren and Jm 2011}
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- Relative Nifno3.4 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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NOAA’s 2024 Hurricane Season Qutlooks

Above

Near

Central Pacific » y s
Below-Normal Season ' Normal 5% 60% 50%
1-4 Tropical Cyclones &

Average is 4-5 TCs

Atlantic
Above-Normal Season
17-25 Named Storms

Eastern Pacific 8-13 Hurricanes

Below-Normal Season ; 4-7 Major Hurricanes
11-17 Named Storms 150%-245% Median ACE

Averages are 14 NS, 7 H, 3 MH

4-9 Hurricanes
1-4 Major Hurricanes
50%-110% Median ACE
Averages are 15 NS, 8 H,4 MH

For the Atlantic hurricane region, the outlooks indicate a 85% chance of an above-normal season, a 10% chance of a near-normal
season, and a 5% chance of a below-normal season. For the East Pacific Hurricane season, the outlooks indicate a 60% chance of

below-normal activity, with a 30% chance for near-normal levels, and a 10% chance for below-normal levels.
These outlooks are for the overall seasonal activity. They are not a hurricane landfall forecast.
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N. Atlantic: SST, SST tend., OLR, SLP, & heat flex anom.

JUN 2024 SST Anom. (°C) 26JUN2024 — 29MAY2024 SST Anom. (°C)
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NCEP CFS DMI SST Predictions from Different Initial Months
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