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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

e Pacific Ocean

— NOAA “ENSO Diagnostic Discussion” on 9 Mar 2023 stated “La Niiia has ended and
ENSO-neutral conditions are expected to continue through the Northern Hemisphere
spring and early summer 2023.”

— ENSO was in neutral conditions with Nifi03.4 = -0.2°C (ERSSTv5) and 0.0°C (Olv2.1)
in Mar 2023.

— Astrong coastal EI Nifio has been observed since Feb 2023 with Nifiol+2 =1.5°C in
Mar 2023.

— Positive SSTAs persisted in the North Pacific in Mar 2023. The PDO has been in a
negative phase since Feb 2020 with PDOI =-1.6 in Mar 2023.
* Arctic and Antarctic Oceans

— The Mar 2023 average Arctic sea ice extent was 14.44 million square kilometers, the
sixth lowest March in the satellite record.

— The average sea ice extent around Antarctica was the second lowest March on record.

* Indian Ocean

— Positive (negative) SSTAs were in the western (southeastern) tropical Indian Ocean in
Mar 2023.

* Atlantic Ocean
— NAO switched to a negative phase in Mar 2023 with NAOI= -1.6.




Global Oceans



Global SST Anomaly (°C) and Anomaly Tendency

MAR 2023 SST Anomaly {°C)

Climatology)
T - - - Above (near) normal SSTs were

present in the western and eastern
(central) equatorial Pacific.

- Positive SSTAs were observed in the
North Pacific and most of the Atlantic
Ocean.

- Small SSTAs were observed in the
tropical Indian Ocean.

- Appreciable positive and negative
SSTAs were seen in the middle-
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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.




AVISO & GODAS SSH Anomaly (cm) and Anomaly Tendency
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- SSHs were near normal along the eastern equatorial Pacific in GODAS.

- The tendencies indicated an increase of SSH in the central and eastern tropical Pacific.




MAR 2023 Eq. Temp Anomaly (°C)
(GODAS, Clima. 91-2
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Longitude-Depth Temperature Anomaly and Anomaly Tendency in 2°S-2°N

ﬁStrong positive temperaturh

anomalies were present along
the thermocline in the western
and central, and far-eastern
equatorial Pacific.

- Positive (negative)
temperature anomalies were
observed above (below) the
equatorial thermocline in the

wdian Ocean. /

K Temperature anomaly tendency\
was positive (negative) along the
thermocline in the east-central
and far-eastern (western) Pacific.
- Temperature anomaly tendency
was positive (negative) above
(below) the thermocline in the

\Indian Ocean. /

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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SSTAs (top-left), SSTA tendency (top-right), Outgoing Long-wave Radiation (OLR) anomalies (middle-left), sum of net surface short- and long-

wave radiation, latent and sensible heat flux anomalies (middle-right; positive means heat into the ocean), 925-mb wind anomaly vector and its
amplitude (bottom-left), 200-mb wind anomaly vector and its amplitude (bottom-right). SST are derived from the Olv2.1 SST analysis, OLR from
the NOAA 18 AVHRR IR window channel measurements by NESDIS, winds and surface radiation and heat fluxes from the NCEP CDAS. Anomalies

are departures from the 1991-2020 base period means.




Evolution of Pacific Nino SST Indices
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Nifo region indices, calculated as the area-averaged monthly mean SSTAs (°C) for the specified region. Data are derived from the 10
OIv2.1 SST analysis, and anomalies are departures from the 1991-2020 base period means.




Coastal El Ninos in 1925, 2017, & 2023
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Hu, Z.-Z., B. Huang, J. Zhu, A. Kumar, and M. J. McPhaden: 2019: On the variety of coastal El Nifio events. Climate Dyn., 52

(12), 7537-7552. DOI: 10.1007/s00382-018-4290-4.
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El Nino & Coastal El Ninho
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Lead and Lag Correlations Between Nino1+2 & Nino3.4 in ERSSTvS 1854—-2022
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- Statistically, Nifio1+2 (coastal EI Nifio) leads Nifi03.4 (El Nifio) by 1-2 months
Hu, Z.-Z., B. Huang, J. Zhu, A. Kumar, and M. J. McPhaden: 2019: On the variety of coastal El Nifio events. Climate Dyn., 52
(12), 7537-7552. DOI: 10.1007/s00382-018-4290-4.
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El Nino & Coastal El Ninho

Lead and Lag Correlations between Nino1+2 and Nino3.4
(30 Year Running Window; ERSSTv5; 10—Year HF: Jan1854—Dec2022)
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- 30 year running window for lead-lag correlation between Nifiol+2 & Nifio3.4 (ERSSTV5, 10-year HF): Nifio3.4 lags
Nifiol+2 by 1-3 months during 1870-1980 (westward propagation) ; no lead since 1980 (no propagation); correlations weak
during 1920-1960 (Hu, Z.-Z., B. Huang, J. Zhu, A. Kumar, and M. J. McPhaden: 2019: On the variety of coastal El Nifio
events. Climate Dyn., 52 (12), 7537-7552. DOI: 10.1007/s00382-018-4290-4)




El Nino & Coastal El Ninho

HadISST SSTA {(1991—2020 Climatolegy;: 10—Year HF; C)
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- Coastal El Nifio in spring 2017 was followed by a La Nifia, while coastal El Nifio in spring 1925
was followed by a canonical El Nifio.

Hu, Z.-Z., B. Huang, J. Zhu, A. Kumar, and M. J. McPhaden: 2019: On the variety of coastal El Nifio events. Climate Dyn., 52
(12), 7537-7552. DOI: 10.1007/s00382-018-4290-4. Y.
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Comparison of ERSSTv5 & Olv2.1 Nifno3.4 Index

Latest 12—Manth MNino3.4 (°C; Red: ERSSTvE>0w2.1; Blue: ERSSTwE<OWE.1 )

al.
_q ______--__“--—.._____:
_2—

APR MAY  JUN  JUL  AUG  SER OCT MDY DEC  JAN  FEB  MAR
20232 2023

Nigo.},ﬁl- PO JANTBSZ2—MARZO23; Red: ERESTvS>0IvZ,1; Bluge: ERSS5TwECOIVE. 1)

ey
./'-:-l

______________________________________

/- Recently, ERSSTv5 is\

cooler than ERSSTv2.1:
-0.0C (Olv2.1) & -0.2C
(ERSSTV5).

- Historically, ERSSTv5
can be either warmer or
cooler than Olv2.1.

- For both the extreme
positive and negative
(>1.5°C or <-1.5°C)
Nifio3.4, ERSSTV5 is
mostly warmer than
Olv2.1.

- During last few
months, ERSSTv5 was

\similar to Olv2.1. /
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Evolution of Pacific Nino SST Indices

Monthly Trapical Pacific SST Anomaly
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Oceanic Kelvin Wave (OKW) Index
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- Multiple weak downwelling and upwelling Kelvin waves were observed in 2022, leading to the
small fluctuation of SSTA in the central and eastern equatorial Pacific.

- A weak downwelling Kelvin wave propagated eastward since Jan 2023.

(OKW index is defined as standardized projections of total anomalies onto the 14 patterns of Extended EOF1 of
unatoria/ temperature anomalies (Seo and Xue , GRL, 2005).) j
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Evolution of Equatorial Pacific Surface Zonal Current Anomaly (cm/s)

U {15m), cm/s, 296—29N {(Shading=Anamaly; Cantour=1993—2020 Clim)
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- Anomalous eastward currents were present in the east-central equatorial Pacific in both OSCAR and GODAS since

Dec 2022, which were overall consistent with the weakening of the negative SSTA.
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Equatorial Pacific Ocean Temperature Pentad Mean Anomaly
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temperature
anomalies along the
thermocline extended
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month.

- The features of the
ocean temperature
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Monthly mean subsurface temperature anomaly along the Equator

Depth 20°C Pentad Anomaly, ending Apr 05 2023 . .
(2°5—2°N), 12-Pentad Zonal Wind Stress Penatd Anomaly, ending Apr 05 2023
N (2°S—2°N), 3—pentad running mean
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Monthly mean subsurface temperature anomaly along the Equator:
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Equatorial Sub-surface Ocean Temperature Monitoring
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North Pacific & Arctic Oceans
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Pacific Decadal Oscillation (PDO) Index

Monthly Standardized PLO
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ﬁl’he PDO has beenin a \

negative phase since Feb 2020
with PDOI = -1.6 in Mar 2023.

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

\gegative) 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

Fentad Coasatal Upwelling for wWest Coast Morth America
{m?/s,/100mM coaadine)

Total Upwelling
¥

Standard Positions of Upwelling Index Calculations\
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- Coastal anomalous
upwelling was
observed since mid-

Jan 2023.
N /

2FM A o
24M
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2022 2023
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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. 25
- Climatologically upwelling season progresses from March to July along the west coast of North America from 362N to 572N.




North Pacific SST, OLR, and uv925 anomalies
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North Pacific & Arctic Ocean: SSTA, SSTA Tend., OLR, SLP, Sfc Rad, Sfc FIx Anomalies

MAR 2023 SST Anom. (°C) 29MAR2023 — O1MARZ2023 SST Ancm. (°C
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SSTA (top-left; Olv2.1 SST Analysis), SSTA tendency (top-right), Outgoing Long-wave Radiation (OLR) (middle-left; NOAA 18
AVHRR IR ), sea surface pressure (middle-right; NCEP CDAS), sum of net surface short- and long-wave radiation (bottom-left;
positive means heat into the ocean; NCEP CDAS), sum of latent and sensible heat flux (bottom-right; positive means heat

27
into the ocean; NCEP CDAS). Anomalies are departures from the 1991-2020 base period means.




N. Pacific Marine Heat Wave:

Weekly SSTA [(25~B0N,180250W)

Intensity: Maximum S55TA [(shading) & Meaon S5TA with SSTA=Z.0C (Line)

Intensity C
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[https://origin.cpc.ncep.noaa.gov/products/GODAS/MarineHeatWave.htmI ] .




N. Pacific Marine Heat Wave

Monthly Mean SITA (25~60N,180~250W)
Intensi‘t}r: Paximum SSTA [shadin } s h.-'leulrl SSTA, ﬁ.-'-..ri'l:h SSTA?:E.G'C [Line]
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[ https://origin.cpc.ncep.noaa.gov/products/GODAS/MarineHeatWave.htmi
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CFSv2 NE Pacific SSTA Predictions

CFSv2 Predictaed SST Anomaly (40 Member Mean; °C)
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Arctic Sea Ice; NSIDC (http://nsidc.org/arcticseaicenews/index.html)

Average Monthly Arctic Sea ice Extent Sea Ice Extent Mar 2023
March 1979 - 2023 * :
e/ Sea Ice Extent, Mar 2023

Extent (millions of square kilometars)

LY
1 : B,
4 1980 1984 1988 1992 1996 2000 2006 2008 20
East
Year Antarcticn l
Arctic Sea Ice Extent . :
(Area of ocean with at least 15% sea ice) : A8 > West A
2 9 Artorctica

> __

Colorado Boulder

nd lce Data Center, Unny

Total extent = 2.8 million sq km

—2023
8|-- 2012
~—1981-2010 Median
Interquartile Range
Interdecile Range
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Extent (millions of square kilometers)

Total extent = 14.4 million sq km

.
National Snow and Ice Data Canter, University of

/- The Mar 2023 average Arctic sea ice extent was 14.44 million square kilometers, the sixth lowest March in the\
satellite record.

- The downward linear trend for Arctic sea ice extent in March over the 45-year satellite record is 2.5% per decade
relative to the 1981 to 2010 average.

-The March 2023 average sea ice extent around Antarctica was 2.80 million square kilometers, the second lowest

medkan ke edge 1961-2010

March on record.
N /

}
- ;
g
S

31



NCEP/CPC Arctic Sea Ice Extent Forecast

Arctic sea ice extent (SIE) forecast

Arctic sea ice extent (SIE) forecast 16 Experimental CFSv2 initialized February 21-25, 2023
Experimental CFSv2 initialized December 21-25, 2022
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Indian Ocean
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Evolution of Indian Ocean SST Indices

Indian Oc¢ean Dip¢le Mode Indices

(0ISSTv2.1, 1991 -2020 Climatalogy)
SETICI [90—11DE. 105—0]

MAR2023 SST Anom. (°C)

g e R e _-_'_r_'_'_f.'f_.

JUL JEH JL',IL JAN JL'JL JEH JUL JP'\N
2019 2020 2021 2022 2023

Bas'm [BDE 1’IOE SG'S JON]

JUL JEN JOL JEN JUL JEN JUL JEN
2019 2020 20721 2022 2023

30N
20N

- ~ °
10N 1 y
AN ot R P /

E
105 o & 2&%
205 - P o Y
305 - -
A0F GOE a0F 100F 120E

30M
Z0M
10N

MAR2025 — MARZ2Q22 SST Anom. (°C)

40E BOE 80t 100E 120E

- Positive (negative) SSTAs were in
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Indian Ocean in Mar 2023, resulting in
a positive value of 10D index.
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Tropical and North Atlantic Ocean




Evolution of Tropical Atlantic SST Indices

Monthly Tropical Atlantic SST Anomaly
(Bar: 1891—2020 Climatology; Curve: Last 10 YR Climatology) 30N T B
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- Positive SSTAs were in the tropical South

- Positive ATL3 index weakened in Mar

~

Tropical Atlantic Variability region indices, calculated as the area-averaged monthly mean SSTAs (°C) for the TNA [60°W-30°W, 52N-20°N], TSA

[30°W-10°E, 20°S-0] and ATL3 [20°W-0, 2.595-2.5°N] regions, and Meridional Gradient Index, defined as differences between TNA and TSA. Data

are derived from the Olv2.1 SST analysis, and anomalies are departures from the 1991-2020 base period means.
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SSTAs in the North Atlantic & MDR

MARZO23 SSTA (19912020 Climatology, °C; OlvZ.1)
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Tropical Atlantic: SST, SST tend., TCHP, OLR, 200 hPa wind, wind share, heat flex, & RH anom.
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CFSv2 Atlantic SSTA Predictions

CFSv2 Predicted S5ST Anomaly (40 Member Mean; °C)
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NAO and SST Anomaly in North Atlantic

Monthly Standardized MNAD 6 I.;l\AR2023 $ST Anom. (oc) \
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f NAO switched to a negative phase
in Mar 2023 with NAOI= -1.6.
- The prolonged positive SSTAS in
the middle latitudes were evident,
due to dominance of the positive
phase of NAO during the last 5-6
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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 SSTAs averaged between 802W and 202W (bottom). SST are derived from the Olv2.1 SST analysis, and anomalies are 40
departures from the 1991-2020 base period means.




ENSO and Global SST Predictions



IRI/CPC Nifio3.4 Forecast

Model Predictions of ENSO from Mar 2023
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CFS Nino3.4 SST Predictions from Different Initial Months
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CFS Nino3.4 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.
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NMME forecasts from different initial conditions

NMME scaled Nino3.4, IC=2023
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Individual Model Forecasts:

[ EC: Nifio3.4, IC= 1 Apr 2023 ]

NINO3.4 SST anomaly plume
ECMWF forecast from 1 Apr 2023

Monthly mean anomalies relative to ERAS 1981-2010 climatology
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ECMWEF Forecasts: warm bias in April IC runs since 2017

NINO3.4 SST anomaly plume
ECMWF forecast from 1 Apr 2017

Monthly mean anomalies relative to NCEP OIv2 1881-2010 climatology
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ECMWF forecast from 1 Apr 2020
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NINO3.4 SST anomaly plume
ECMWF forecast from 1 Apr 2019
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ECMWEF Forecasts: warm bias in March IC runs since 2017

NINO3.4 SST anomaly plume
ECMWF forecast from 1 Mar 2017

Monthly mean anomalies relative to NCEP Olv2 1981-2010 climatology

NINO3.4 SST anomaly plume
ECMWF forecast from 1 Mar 2018

Monthly mean anomalies relative to NCEP Olv2 1861-2010 climatology
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2023 ENSO Forecast, 2014 & 2017 El Nino False Alarm

Model Predictions of ENSO from Mar 2014
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Excessive Momentum and False Alarms in Late-Spring NMME ENSO Forecasts
(Courtesy of Michelle L'Heureux )
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Forecasts

0
JFMAMUJJASOND JFMAMUJJASOND JFMAMUJ JASOND

2001 2003 2011

Michael K. Tippett 34 Michelle L. L'Heureux, Emily J. Becker, Arun Kumar

First published: 28 March 2020 | https://doi.org/10.1029/2020GL087008 | Citations: 6

3
2 4
. [
0 = »
This article was corrected on 1 AUG 2020. See the end of the full text for details. o /___//_'\./\‘—_~ \ = 0 -
1 7
| -1
2 2 1
3 3 I 2
JFMAMUJJASOND JFMAMUJJASOND JFMAMUJ JASOND
15 2013 3 2014 g 2017
Apr
1 3 May
2 Jun
05 2
-05 0
0
1 -1
-15 -1 2
JFMAMUJJASOND JFMAMUJJASOND JFMAMUJJASOND

Abstract

The unanticipated stalled El Nifio-Southern Oscillation (ENSO) evolution of 2014 raises
questions about the reliability of the coupled models that were used for forecast
guidance. Here we have analyzed the skill and reliability of forecasts of the Nifio 3.4
tendency (3-month change) in the North American multimodel ensemble (1982-2018).
We found that forecasts initialized April-June (AMJ) have “excessive momentum” in the
sense that the forecast Nifio 3.4 tendency is more likely to be a continuation of the prior
observed conditions than it should be. Models tend to predict warming when initialized
after observed warming conditions and cooling when initialized after observed cooling
conditions. Excessive momentum appears in AM]J forecast busts and false alarms
including the 2014 one. In some models, excessive momentum appears to be related to
model formulation rather than initialization. A concerning trend is that four of the nine
years with AM] forecast busts occurred in the last decade.
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Equatorial D20 anomalous evolution in 2013/14, 2016/17 & 2022/23

Monthly Mean D20 Anomaly (5S—5N, GODAS; m)
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CFS Pacific Decadal Oscillation (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
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[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.




NCEP CFS DMI SST Predictions from Different Initial Months
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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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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- 53
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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 VYV VYV V V VY

» 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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ABSTRACT: Climate variability on subseasonal ta interannual time scales has significant impacts
on our economy, society, and Earth’s environment. Predictability for these time scales is largely
due to the influence of the slowly varying climate anomalies in the aceans. The importance of the
global oceans in governing climate variability demonstrates the need to monitor and forecast the
global aceans in addition to El Niflo—Southern Oscillation in the tropical Pacific. To meet this need,
the Climate Prediction Center (CPC) of the National Centers for Environmental Prediction (NCEP)
initiated real-time global ocean monitoring and a monthly briefing in 2007, The monitoring covers
observations as well as forecasts for each acean basin. In this paper, we introduce the monitoring
and forecast products. CPC’s efforts bridge the gap between the ocean observing system and the
delivery of the analyzed products to the community. We also discuss the challenges involved in
ocean monitoring and forecasting, as well as the future directions for these efforts.
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Global Sea Surface Salinity (SSS): Anomaly for March 2023

New Update: The NCEI SST data used in the quality son 222 (PSY) - 0- 23
control procedure has been updated to version 2.1 40N g : 0
since May 2020; 0

Over the tropical Pacific and tropical Atlantic Ocean, 1
large-scale salinity anomalies are dominated by 808 e 1k
variations of fresh water flux especially precipitation. E—F (mm/day) u
A double ITCZ structure is observed over the eastern don e T g @‘ ‘, L
Pacific, a dominant feature of seasonal evolution of ' TR
ITCZ there. The intensity of the ITCZ, however, is 205
weakened across the basin, causing reduced 40 1o [ % s~
precipitation and saltier SSS over the region. 180 120w GOw
Freshened SSS appears over the eastern Bay of
Bengal off shore of Burma that are not consistent
with the freshwater flux anomalies, suggesting

contributions of oceanic processes.
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Global Sea Surface Salinity (SSS): Tendency for March 2023

Major features of the SSS
tendency for March 2023 include
the zonally oriented belts of saltier
SSS across the tropical Pacific and
Atlantic oceans caused by those in
the ITCZ. Tendencies of SSS over
the mid- and high latitudes over
the Pacific and Atlantic oceans are
also broadly consistent with those
of the E-P, suggesting substantial
roles of the fresh water.
Freshened SSS tendency s
observed over the northern Bay of
Bengal off the mouths of the
Ganges River, likely attributable to
the changes in the river runoff
ere.
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Monthly SSS Anomaly Evolution over Equatorial Pacific

NJTE: Since June 2015, the\

BASS SSS 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);

Positive SSS anomalies
continued over the
western equatorial Pacific
(135°E-155°E) and are
enhanced over the Central
Equatorial Pacific between
160°E and 170°W as a
result of the ITCZ
precipitation anomalies
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Sea Surface Salinity

140E 150E 160E
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Pentad SSS Anomaly Evolution over Equatorial Pacific

ﬂgure caption: \

Hovermoller diagram 555 (PS5-78) SST (°C) Precipitation (mm /day)
for equatorial (5°S-5°N) - : =
5-day mean SSS, SST
and precipitation 1o
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

2019 §

2010. The precipitation mey
data used here is the '
adjusted CMORPH 2028 =
dataset with its 120F 140F 180E 180 1 40W 2ow12E 14OE 10 160W 140W 1200 120F 40F 160F 150 160W 140 1200
climatology being s oz I mrarae o W T
calculated from 1999 t(y

13
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Warm Water Volume (WWYV) and Nifno3.4 Anomalies

- Equatorial Warm Water
Volume (WWV) was in a
recharge phase in Mar

K2023' y

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

Qntent. /

(NINO3.4 degree) EL NINO

LA NINA

[NINO3.4, WWV] Phase Space

2.
'I.
—— —
—24 -20 -16 -12 -8 -4 0 4 3 12 16 20 24
DISCHARGE  (Warm Water Volume) RECHARGE

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

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




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

295 —2°M Average, 3 Pentad Running Mean

MARZ2022

APR2022

hAT 2022

JUMNZDE2

JUL2az2

AUG20=2

SEP2OE2

OCT2022

MOW2022

DECZ022 LY ?
JAN2023 TEa o
FEB2023
{ =
MARZOZ3 o
f i)

120E 150E 180G 150w 120W 90WI120E 150E 180 150W 120W 9OW120E 150

5 5 s S N S —— | s e

Heat Content

34 —-J3-28-2—-1.8-1-40345 90 0.5

1

14 2 28 3 5B

180

150

120

—1+-12-10—8 -8 —+ -2 lJ 2 + B 8 19012 -

—21-18-145-1.1-0940.-0.3 7 03 d.8 D.ﬁ

1.2 1.8 1.8 21

- The evolution of the triple-dip La Nifia SSTA in 2020-23 was linked to low-level zonal wind anomalies and Kelvin wave activities.

- Since Feb 2023, positive HC300 anomaly extended eastward while westerly wind anomalies and positive SSTA were observed.




Global HC300 Anomaly & Anomaly Tendency
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Tropical Indian: SSTA, SSTA Tend., OLR, Sfc Rad, Sfc Flx, 925-mb & 200-mb Wind Anom.
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/Convection was \

enhanced

(suppressed)

over the
northern
(southern)

tropical Indian

\Ocean.

/

SSTAs (top-left), SSTA tendency (top-right), OLR anomalies (middle-left), sum of net surface short- and long-wave radiation, latent and sensible heat
flux anomalies (middle-right), 925-mb wind anomaly vector and its amplitude (bottom-left), 200-mb wind anomaly vector and its amplitude
(bottom-right). SST are derived from the Olv2.1 SST analysis, OLR from the NOAA 18 AVHRR IR window channel measurements by NESDIS, winds
and surface radiation and heat fluxes from the NCEP CDAS. Anomalies are departures from the 1991-2020 base period means.
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N. Atlantic: SST, SST tend., OLR, SLP, & heat flex anom.

MAR 2023 SST Anom. (°C)
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