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

2 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

KGlobal SSTA Predictions
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Overview

* Pacific Ocean

— Negative SSTA in the equatorial central Pacific weakened further with Nifio3.4 = 0.1°C
in March 2025.

— Positive SSTA along the South American coast strengthened with Nifiol+2 = 1.15°C in
March 2025.

— NOAA “ENSO Diagnostic Discussion” issued Final La Nifia Advisory on April 10, 2025.

— The PDO has been in a negative phase since March 2020 with PDOI = -0.4 in March
2025.

e Arctic & Antarctic Oceans

— The average March 2025 Arctic sea ice extent was 14.14 million km?, the lowest March
extent in the 47-year satellite record.

— Antarctic sea ice extent was 3.0 million km? in March 2025, ranking 4™ lowest March
record since 1979.

— CPC model-based forecasts call for a below-normal Arctic sea ice extent in 2025.

* Indian Ocean
— SSTs were near average along the equatorial Indian Ocean in March 2025.

 Atlantic Ocean
— Positive SSTA weakened in the tropical North Atlantic Ocean in March 2025.
— NAO switched to a neutral phase in March 2025 with NAOI = -0.1.




Global Oceans
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Global SST Anomaly (°C) and Anomaly Tendency
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ﬁT ropical SSTs were above averagh

and below average in the central
Pacific.

latitudes of both the North Pacific
and North Atlantic.

the equatorial Indian and Atlantic

chans.

in the far-western and eastern Pacific

- Positive SSTA persisted in the mid-

- SSTs were mostly near average in
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K Positive SSTA tendencies were

eastern equatorial Pacific.

Qopical Indian Ocean.

observed in the east-central and far-

- SSTA tendencies were negative in
the tropical eastern Atlantic Ocean.
- SSTA tendencies were small in the
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SSTA (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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AVISO & GODAS SSH Anomaly (cm) and Anomaly Tendency
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- Enhanced zonal contrast of SSH was observed across the tropical Pacific with above
average in the west and east, and below average in the central Pacific.
- Positive SSH anomalous tendencies were observed in the eastern equatorial Pacific.




Longitude-Depth Temperature Anomaly and Anomaly Tendency in 2°S-2°N

MAR 2025 Eq. Temp Anomaly (°C)
(GODAS, Clime. 91-20)
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- The dipole pattern was
persistent along the equatorial
Pacific thermocline with negative
(positive) temperature anomalies
in the central (west), consistent
with La Nifa conditions.

- Positive (negative) temperature
anomalies were observed in the
upper 100 m of the eastern
(western) Indian Ocean.

- Anomalies were small in the
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K The dipole pattern weakened with\
positive temperature anomaly
tendencies in the eastern Pacific
Ocean.

- Both positive and negative
temperature anomaly tendencies

\vvere present in the Indian Ocean. /
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Equatorial depth-longitude section of ocean temperature anomalies (top) and anomaly tendency (bottom). Data is from the 7
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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Last 3-month Tropical Pacific Ocean SST, OLR, and uv925 Anomalies:
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Monthly mean subsurface temperature anomaly along the Equator:

Ocean Temperature Anomaly in 2S—2MN (°C)
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EODAS OTA Projaction & EOFs {(0—458m, 25—2M, 1979—-2012)

(Q) Projection Onte EQF1 (Bar) & Mined.4 {Curve)
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Equatorial Sub-surface Ocean Temperature Monitoring

- The negative phase of
the dipole mode has
weakened since Feb
2025.

7 - WWV switched to a
recharge phase in Feb
2025.

- Projection of ocean temperature
anomalies onto EOF1 and EOF2;
EOF1: Tilt/dipole mode (ENSO peak
phase); EOF2: WWYV mode.

- Recharge/discharge oscillation
(ENSO transition phase); Recharge
process: heat transport from outside
of equator to equator; Negative ->
positive phase of ENSO

- For details, see: Kumar and Hu
(2014) DOI: 10.1007/s00382-013-

1721-0; Izumo & Colin (2022) DOI:

\1\0.1029/2022(3 L1010083. //
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Equatorial Pacific Ocean Temperature Pentad Mean Anomaly
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K Positive (negative)
ocean temperature
anomalies along the
thermocline in the
western (east-central)

the last month.

- The features of the
ocean temperature

between GODAS and

\TAO analysis.

Pacific persisted during

anomalies were similar
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Oceanic Kelvin Wave (OKW) Index
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- Multiple downwelling and upwelling Kelvin waves were observed in 2024-25, leading to fluctuations in SSTA in the central and eastern equatorial

Pacific and ENSO evolution.

- Although there were some Kelvin wave-like fluctuations, the variations were mostly stationary since Feb 2024.

(OKW index is defined as standardized projections of total anomalies onto the 14 patterns of Extended EOF1 of equatorial temperature anomalies (Seo and Xue , GRL, 2005).)
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» rNino3.4 has been cooler than Nifio3.4 since May 2024

» The cooling
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https://www.cpc.ncep.noaa.gov/data/indices/RONI.ascii.txt

Evolution of Pacific Nino SST Indices
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Kln Mar 2025, all Nifio indices warmed up with Niﬁ03.4\

=0.1°C (0.0°C in ERSSTV5 data).

- Nifio1+2 became positive with value of 0.69°C and
1.15°C in Feb & Mar 2025, respectively.

- Compared with Mar 2024, the tropical central (eastern)
Pacific was cooler (warmer) in Mar 2025.

- The values of the indices may have differences if based
on different SST products.
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Daily Nino SST Indices: Potential development of a coast EI Nifo

Tropical Pacific Daily SST Anomaly (QOlv2.1; Last 180 days)
Mirod

ﬂ' hree  mechanisms for}

coastal El Nino occurrence
: . : : . : : . : : . . (Hu et al. 2019; Clim. Dyn.
160CT  1MDY 1BMOY 10EC 1BDEC  1JAM  1GJAN  1FEE  16FEB 1MAR  1G6MAR  1APR DOI: 10.1007/s00382-018-
Min6s.4 Faes ' '
2 R R I e S R 4290-4):

' R e S | S | - Southward shift of 1TCZ
after an extreme basin-scale
El Nino (1983, 1987, &
1998);
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- Westerly  wind  burst,
downwelling Kelvin waves,
similar to basin-scale El
Nino (2014; 2015);

- Westerly wind anomalies
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2024 2025 and enhancement of the

1 ; : : : seasonal cycle extend the
: : ' : warm phase of the seasonal
i\ cycle (2008 & 2017).
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/ Nino3.4 (Dash) & Nino1+2 (Shading) & ENSO—adjusted Nino1+2 (Solid)

I (& 1983 (&) 1987 L, » Coast ElI Nifio definition:
, , Both the monthly mean Nifiol1+2
— > one STD (0.8°C) & ENSO-

0 — — o adjusted monthly mean Nifiol+2
Y 1., index = one STD (0.6°C) with
4D-I-.'C JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOVDEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV anoma“es Of thlS magnitude

persisting for at least three
consecutive overlapping months
(Hu et al. 2019 Clim. Dyn.)

> 8 Coastal EI Nino events
JAN APR JUL ocT JAN APR JUL ocT since 1982:

1983 (Mar-Oct 1983)
1987 (Mar-May 1987)
1998 (Apr 1997-Aug 1998)

, 2008 (Jul-Sep 2008)
2014 (May-Aug 2014)
2015 (May-Jul 2015)

2017 (Jan-Apr 2017)
2023 (Mar-Oct 2023)

> Coastal ElI Nino normally
peaks in spring or summer with
the durations from 3 months
2 (1987, 2008, 2015) to 17 months
o (1998).

—-24 T T T T T T T T T T T T T T T T T T T T - —2
DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOVDEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV

41 (h) 2023 (i) 2025 F4

2 1

O — — _ﬁxr
-2

DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOVDEC JAN F{B MAR APH MAY JUN JUL AUG SEP OCT NOV

— /




Divergent
evolution:
»2016-17: La Nifa,
coastal El Nifo to
La Nifa.

> 2022-23: La
Nifla, coastal El
Nifo to El Nifo.

e - — R |
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Res. Lett., 51 (9), DOI: 10.1029/2024GL.108198.

SSTAs in (a) Dec 2016, (b)
Mar 2017, (c) Jun 2017, (d)
Sep 2017, (e) Dec 2017, (f)
Dec 2022, (g) Mar 2023, (h)
Jun 2023, (i) Sep 2023, and
(j) Dec 2023. The unit is °C.
The rectangles in (a)
represent the regions for the
Nifio3.4 and Nifiol+2
indices.

Tan, et al., 2024: On the divergent Evolution of ENSO after the Coastal El Nifios in 2017 and 2023. Geophys.




(a) Jan2017

Ocean Temperature Anomaly Averaged 2S—2N (GODAS)

(q) Jan2023
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»Subsurface ocean
heat conditions are
favorable
(unfavorable) for a
transition to El Nino
in 2023 (2017).

GODAS ocean temperature
anomalies averaged in 2°S-2°N in (a)
Jan 2017, (b) Mar 2017, (c) May
2017, (d) Jul 2017, (e) Sep 2017, ()
Nov 2017, (g) Jan 2023, (h) Mar
2023, (i) May 2023, (j) Jul 2023, (k)
Sep 2023, and (I) Nov 2023. The unit
Is °C.




NMME Predicted ( contour) & Observed (shading) SSTA (C; Left: IC=Jan2017; Right: IC=Jan2023)
Mor2017 (d) Mar2023
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»The transition to La
Nifa in 2017 was not
well predicted.

» The transition to El
Nifio in 2023 was well
predicted, implying the
Importance of
subsurface ocean heat
conditions In ENSO
prediction.

NMME predicted SSTAs (contours with
interval of 0.5°C) in (a) Mar 2017, (b)
Jun 2017, (c) Sep 2017 with initial
conditions in Jan 2017, in (d) Mar
2023, (e) Jun 2023, and (f) Sep 2023
with initial conditions in Jan 2023.
Shading represents the corresponding
observations.
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North Pacific, Arctic, & Antarctic Oceans
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Pacific Decadal Oscillation (PDO) Index

Nino 3.4
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w0 2023 204 20

Legree C

1850 1955 196[1' 1955 19?0 19?5 1960 1955 1990 1995 EG'DG' 2005 EUIU 2015 ?_G'EG' 2025

1st EOF of monthly ERSST v3b
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ﬁl‘ he PDO has been in a negative
phase since Mar 2020 and weakened

in Mar 2025 with PDOI = -0.4.

- Simultaneous correlation of PDO
& Nifno3.4 indices is 0.43 in 1961-
1990 and 0.50 in 1991-2020.

- Statistically, ENSO leads PDO by
3-4 months, through teleconnection
via atmospheric bridge, with El Nifio
(La Nifia) associated with positive
(negative) PDO Index.

* PDO is defined as the 15t EOF of monthly ERSST v3b in the North Pacific for the period 1900-1993. PDO index is the
standardized projection of the monthly SST anomalies onto the 1t EOF pattern.
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North America Western Coastal Upwelling

Pentad Coasatal Upwelling for west Coast Morth America
{m?/s,/100MmM ccoaatine) Standard Positions of Upwelling Index Calculations\
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(top) Total and (bottom) anomalous upwelling indices at the 15 standard locations for the western coast of North America. Derived from the vertical
velocity of the NCEP’s GODAS and are calculated as integrated vertical volume transport at 50-meter depth from each location to its nearest coast

point (m3/s/100m coastline). Anomalies are departures from the 1991-2020 base period pentad means.

- Area below (above) black line indicates climatological upwelling (downwelling) season.

- Climatologically upwelling season progresses from March to July along the west coast of North America from 362N to 572N. 24




Last 3-month North Pacific SST, OLR, and uv925 anomalies
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N. Pacific Marine Heat Wave: Weakened since Jan 2025

Weakly SSTA (Z25~B0ON,180~250W)
Intensity: Maximum SSTA [Shﬂdhg} g Meon SSTA Wﬁh.SSTA}E;GCl(UHE]
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CFSv2 & NMME N. Pacific SST Anomaly Predictions

CFSv2 Predicted SST Anomaly (40 Member Mean; °C)
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- CFSv2 & NMME predict that the current warm condition in the North Pacific will
persist through fall 2025.
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Arctic Sea Ice; NSIDC (https://nsidc.org/arcticseaicenews/)

Arctic Sea Ice Extent
(Area of ocean with at least 15% sea ice) Sea Ice Extent, Mar 2025
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—  The average Mar 2025 Arctic sea ice extent was 14.14 million km?, the lowest March extent in the 47-year
record.
— Including 2025, the downward linear trend for March is 2.5% per decade relative to the 1981 to 2010 average.
—  Since 1979, sea ice extent in March has lost 1.71 million km?, which is equivalent to the size of Alaska. 28




NCEP/CPC Arctic Sea Ice Extent (SIE) Forecast
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- CPC model-based forecasts call for a below-normal Arctic sea ice extent
through end of 2025.
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Antarctic Sea Ice; NSIDC (https://nsidc.org/arcticseaicenews/)

Antarctic Sea Ice Extent
(Area of ocean with at least 15% sea ice)
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- Antarctic sea ice extent was 3.0 million km2in Mar 2025, ranking 4 lowest March record.




Indian Ocean
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Tropical Indian: SSTA, SSTA Tend., OLR, Sfc Rad, Sfc Flx, 925-mb & 200-mb Wind Anom.
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Last 3-month Tropical Indian Ocean SST, OLR, and uv925 Anomalies:
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Evolution of Indian Ocean SST Indices
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- The IOD & WTIO indices were
positive in Mar 2025.

Basin-wide warming featured a

Kpositive phase of the IOBM.




Tropical and North Atlantic Ocean




SSTA in the North Atlantic & MDR
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Evolution of Tropical Atlantic SST Indices

Monthly Trapical Atlantic SST Indices {1991 —-2020 Clirnutnlogy, C; ERSSTvS)
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- Positive SSTA weakened in the tropical N. & S.
Atlantic in Mar 2025.

- The relative ATL3 index (ATL3-Global; Tan et al.
2023, GRL DOI: 10.1029/2023GL106511) has been

positive since Nov 2024.
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CFSv2 & NMME Atlantic SST Anomaly Predictions

CFSv2 Predicted SST Anomaly (40 Member Mean; °C) NMME Predicted SST Anomaly (°C)
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= CFSv2 predictions call for an Atlantic Nifa during June-September 2025, while
NMME predicts Atlantic Nifa-like conditions.
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NAO and SST Anomaly in North Atlantic

Monthly Stondardized NAD
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f— NAOI =-0.1 in Mar 2025. A
- The prolonged positive
SSTA in the middle and high
latitudes were evident during
the last 5-6 years.

- d Y

Monthly standardized NAO index (top) derived from monthly standardized 500-mb height anomalies obtained from the NCEP CDAS in 20°N-90°N.
Time-latitude section of SSTA averaged between 802W and 202W (bottom). SST are derived from the Olv2.1 SST analysis, and anomalies are
departures from the 1991-2020 base period means.
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ENSO and Global SST Predictions



CPC & IRI Nino3.4 Forecast
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1 00 Mean bias averaged over EI Nifio/La Nifia cases for DYN and STAT
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Fig. 6: Mean bias averaged over El Nifio and La Nifia cases for DYN and STAT real-time forecasts

(Ehsan, MA, L’Heureux, ML, Tippett, MK et al., 2024: Real-time ENSO forecast skill evaluated over the last two decades, with
focus on the onset of ENSO events. npj Clim Atmos Sci 7, 301 (DOI: 10.1038/s41612-024-00845-5)




(a) DYN Forecasts (Members-based Variance)
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90. (@) Accuracy of Warm Episodes onset in DYN and STAT Forecasts
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NMME forecasts from different initial conditions

NMME scaled Nino3.4, IC=202501
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Individual Model Forecasts:

[ EC: Nino3.4, IC= 1 Apr 2025 )

NINO3.4 SST anomaly plume
ECMWF forecast from 1 Apr 2025
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ECMWEF Forecasts with ICs in Apr since 2017:

Most years had warm biases

NINO3.4 SST anomaly plume NINO3.4 SST anomaly plume
ECMWF forecast from 1 Apr 2017 ECMWF forecast from 1 Apr 2018 NINO3.4 SST anomaly plume
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CFS Nino3.4 SST Predictions from Different Initial Months

NINO3.4 SST anomalies (K)
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CFS Nifio3.4 SST prediction from the latest 9 initial months. Displayed are 40 forecast members (brown) made four times per
day initialized from the last 10 days of the initial month (labelled as IC=MonthYear) as well as ensemble mean (blue) and
observations (black). Anomalies were computed with respect to the 1991-2020 base period means. 49
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https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php

> In CPC
ONI (with
climatology
based on
centered 30-
year base
periods
updated
every 5
years), it
seems that
there are
more La
Nifa than El
Nifio since
2000.
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NCEP CFSv2 PDO Index Predictions from Different Initial Months
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CFS Pacific Decadal Oscillation (PDO) index predictions from the latest 9 initial months. Displayed are 40 forecast members (brown) made four times

per day initialized from the last 10 days of the initial month (labelled as IC=MonthYear) as well as ensemble mean (blue) and observations (black).
Anomalies were computed with respect to the 1991-2020 base period means. PDO is the first EOF of monthly ERSSTv3b anomaly in the region of
[110°E-100°W, 20°N-60°N]. CFS PDO index is the standardized projection of CFS SST forecast anomalies onto the PDO EOF pattern.
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NCEP CFSv2 DMI SST Predictions from Different Initial Months

Indian Ocean Dipole SST anomalies (K)
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NCEP CFSv2 Tropical North Atlantic (TNA) SST Predictions from Different Initial Months

Tropical N. Atlantic 55T anomalies (K)
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CFS Tropical North Atlantic (TNA) SST predictions from the latest 9 initial months. Displayed are 40 forecast members (brown) made four times per
day initialized from the last 10 days of the initial month (labelled as IC=MonthYear) as well as ensemble mean (blue) and observations (black).
Anomalies were computed with respect to the 1991-2020 base period means. TNA is the SST anomaly averaged in the region of [600W-300W, 50N-

200N].
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» NCEP/CPC Ocean Monitoring & Briefing Operation (Hu et al., 2022,
BAMS)
Weekly Optimal Interpolation SST (Olv2.1 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 Long-wave Radiation (Liebmann and Smith 1996)
NCEP’s GODAS temperature, heat content, currents (Behringer and Xue
2004)

YV V V V VYV V VYV

» Aviso altimetry sea surface height from CMEMS

» Ocean Surface Current Analyses — Realtime (OSCAR)

» Insitu 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 HC300 Anomaly & Anomaly Tendency
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Evolution of Basin-Averaged SST Anomalies

Monthly SST Time Series
{(OISSTv2.1, 1991 —-2020 Climatology)

zlobal Docean

#llllllllllllllllllllllllllllllIIIIIIIIIIIIIIIIIII
JUL JAH JuL ik JuL JiH JuL i
Zoz1 FOzz Z0Z3 074 2025

Tropical Ocean (205— 30N

#--Illllll-l----------llIlIIIIIIIIIIIIIIIIIIII.III
JUL &M JuL iR JUL JaH JuL JAN
2021 2052 2023 FOEA 2A35
5 Harth FPacific l::'l Z2E—T110W, A0MN— E‘DN]
" IllIlllllllllllllllllIlllllllIllllllllllllllllll
ujfl
—0.5
JUIL JAP JUL JAp JUL JAM JUL Jip
oo 2072 PIal] FOZA 2H75

Marth Atlantic (20W—0, J0N—GDM)

1 | ||| |
.5
L. T T
—na
.JUL .J.ﬁ.N JUL .JA.N .JUL .J.ﬁ.N .JUL .l.ﬁ.N
2021 20772 2023 Z024 20725

Southern Ocean {BOS—303)

(]
045
.3
S
1]
—0.15
-3
JUL JAM JUL R JUL JAM JUL JAN
2021 20z2 2023 2024 2025

Equatorial Facific {1IZ0E—B0OW, 535—5MN}
-..IIIIIIIII..-------___-

JLIL JAH JuL ik JLL JiH JuL di
oozl o022 2023 F024 2025

-

| |
bl IS
inaingin— inka

59




Warm Water Volume (WWYV) and Nifno3.4 Anomalies

- Pacific equatorial Warm
Water Volume (WWYV)
switched to a discharge

kphase after Feb 2024. p

ﬁs WWV is intimately Iinked\

to ENSO variability (Wyrtki
1985; Jin 1997), it is useful to
monitor ENSO in a phase
space of WWV and Nifo3.4
(Kessler 2002).

- Increase (decrease) of WWV
indicates recharge (discharge)
of the equatorial oceanic heat

(NINO3.4 degree) EL NINO

LA NINA

Qntent. /

[NINO3.4, WWV] Phase Space

2 I
|
|
|
f - 1
|
|
|
|
|
|
|
.
[
— —p
-3 T T T II T T T T
~24 -20 -16 -12 -8 -4 2 16 20
DISCHARGE  (Warm Water Volume)  RECHARGE

Phase diagram of Warm Water Volume (WWYV) and Nifio3.4 indices. WWV is the average of depth of 202C in [1202E-802W, 525-52N]

calculated with the NCEP’s GODAS. Anomalies are departures from the 1991-2020 base period means.




Nifno3.4 evolution after an El Nifio
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Comparison of ERSSTv5 with Olv2.1 Nifo3.4 Index

Latest 12—kanth Nino3.4 (*C; Red: ERSSTvE>0l2.1; Bluse: ERSSTwS<0lvZ.1)

Ni205.4 P JANT982 —MARZO25; Red: ERESTwS=0lv2, 1; Blue: ERSSTwS<OlvE,

/. During the last year,\

ERSSTv5 was close
to Olv2.1.

- Sometimes,
ERSSTVS is either
warmer or cooler than
Olv2.1.

- For both the extreme
positive and negative
(>1.5°C or <-1.5°C)
Nino3.4, ERSSTV5 is
mostly warmer than

\Olvz.l. /




Evolution of Pentad D20 and Taux anomalies along the equator

Depth 20°C Pentad Anomaly, ending Apr 05 2025

(2¢S—29N), 12—Pentads Running Mean Zonal Wind Stress Penatd Anomaly, ending Apr 05 2025

{2°S—2°N), 3—pentad running mean
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Equatorial Pacific SST (°C), HC300 (°C), u850 (m/s) Anomalies

295—2°N Average, 3 Pentad Running Mean
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[ - Since Feb 2024, easterly wind anomalies have present, consistent with decrease in heat content and SST.




North Pacific Ocean: SSTA, SSTA Tend., OLR, SLP, Sfc Rad, Sfc FIx Anomalies
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Tropical Atlantic: SST, SST tend., TCHP, OLR, 200 hPa wind, wind share, heat flex, & RH anom.
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N. Atlantic: SST, SST tend., OLR, SLP, & heat flex anom.

MAR 2025 SST Anom. (°C)
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