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http://www.cpc.ncep.noaa.gov/products/GODAS/

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/Arctic Ocean
— Indian Ocean

— Atlantic Ocean

* Global SSTA Predictions

QOZl Annual Review /




Overview

*Pacific Ocean

— NOAA “ENSO Diagnostic Discussion” on 10 Feb 2022 stated “La Nifna is likely to
continue into the Northern Hemisphere spring (77% chance during March-May
2022) and then transition to ENSO-neutral (56% chance during May-July 2022).”

— La Nina condition persisted with Nifio3.4 =-0.96°C in Jan 2022.

— Positive SSTAs continued in the North Pacific in Jan 2022.

— The PDO has been in a negative phase since Jan 2020 with PDOI =-1.94 in Jan
2022.

*Arctic Ocean

— “Arctic sea ice extent averaged for Jan 2022 was the 16" lowest in the satellite
record above all years since 2009, with the exception of 2013 and 2014.”

*Indian Ocean
— Positive SSTAs were present in the tropics in Jan 2022.

*Atlantic Ocean
— SSTAs were small in the tropics in Jan 2022.
— NAO switched to a positive phase in Dec 2021 with NAOI=0.74 in Jan 2022.
— Positive SSTAs in the mid-high latitudes of the N. Atlantic have been evident
since 2021.
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Global SST Anomaly (°C) and Anomaly Tendency
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wthe tropical Indian Ocean.

/ Positive (negative) SSTA

\Ocean.

K Negative SSTAs persisted in the\

central and eastern equatorial
Pacific.

- Positive SSTAs continued in the
North Pacific.

- Weak SSTAs were evident across
the tropical Atlantic.

- SSTs were slightly above average

/

tendencies were observed in the

central (eastern) equatorial Pacific.
- Positive (negative) SSTA
tendencies were evident in the
eastern (western) North Pacific.

- Negative SSTA tendencies were
present in the equatorial Atlantic

/
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SSTAs (top) and SSTA tendency (bottom). Data are derived from the Ol 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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TAO, GODAS, & CFSR monthly mean subsurface temperature anomalies

along the Equator during the last 3 months
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- Basic features in the tropical Pacific associated La Nina evolution are consistent between AVISO and GOSA.
- There are some differences in details between AVISO & GODAS with a lot of small-scale variabilities in AVISO.




Tropical Pacific Ocean and ENSO

Conditions
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Evolution of Pacific Nino SST Indices
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/-AII Nino indices weakened in Jan 2022, with
Nino3.4 = -0.96C.

- Compared with Jan 2021, the central (eastern)

equatorial Pacific was warmer (cooler ) in Jan 2022.

- The indices may have slight differences if based on

\different SST products. J
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Comparison of ERSSTv5 & Olv2.1 Nino3.4 Index

Latest 12—kanth Nino3. 4 (*2; Red: ERSSTvS>CwZ2.1; Blue: ERSSTvES<OIvZ.1 )
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Evolution of Pacific Nino SST Indices
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https://www.cpc.ncep.noaa.gov/data/indices/RONI.ascii.txt

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

U {15m), cm/s, 2°5—2°N {(Shading=Anomaly; Cantour=1993—2020 Clim)
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- Anomalous eastward currents were observed in the equatorial Pacific in both OSCAR and GODAS in Jan 2022.

That may be a factor leading to the weakening of the negative SSTAs in the central and eastern equatorial Pacific.
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Oceanic Kelvin Wave (OKW) Index
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- Upwelling Kelvin waves were initiated in May, Aug, & Nov 2021, leading to the subsurface
cooling in the eastern equatorial Pacific and the development of the 2021/22 La Niha.

- Downwelling Kelvin wave initiated in Dec 2021 led to the weakening of 2021 /22 La Nifha.

(OKW index is defined as standardized projections of total anomalies onto the 14 patterns of Extended EOF1 of
unatorial temperature anomalies (Seo and Xue , GRL, 2005).)
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Evolution of Pentad D20 and Taux anomalies along the equator

Depth 20°C Pentad Anomaly, ending Feb 09 2022
2°S—2°N), 12—Pentads Running Mean
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Equatorial Pacific Ocean Temperature Pentad Mean Anomaly

B0+
180
150
200
2504
300

TAO

GODAS

S
130+
1504
200
250
a1l

Ei1
150
150+
200
230
300

S0
130+
150
200
250

300

QPO DO ODAD DO DR ORD LD OO
1 1 1 | I N I | 1 1 1 1

R

Y
@
o
m

/- Positive ocean \

temperature
anomalies
weakened and
propagated
eastward along the
thermocline.

- The negative
anomalies in the
eastern Pacific

DoooODiaDoaDDO0
r 1 1 1 1 l 1 1 1 1

150w

=

120w

\vveakened. /

17



Degree C

Equatorial Sub-surface Ocean Temperature Monitoring
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- The equatorial Pacific has
been in a recharge phase
since Nov 2021.

ﬂrojection of ocean

temperature anomalies onto
EOF1 and EOF2; EOF1:
Tilt/dipole mode (ENSO peak
phase); EOF2: WWV 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 A, Z-Z
Hu (2014) DOI: 10.1007/s00382-

\0\13-1721-0.
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North Pacific & Arctic Oceans




Pacific Decadal Oscillation (PDO) Index
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North America Western Coastal Upwelling

Pentad Coaatal Upwelling for West Coast North America
Standard Positions of Upwelling Index Calculations\
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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. 21
- Climatologically upwelling season progresses from March to July along the west coast of North America from 362N to 572N.
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North Pacific & Arctic Ocean: SSTA, SSTA Tend., OLR, SLP, Sfc Rad, Sfc FIx Anomalies
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North Pacific SST, OLR, and uv925 anomalies
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Weekly SSTA evolutions in the NE Pacific

Weekly SST Anomaly (°C)
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CFSv2 North Pacific SSTA Prediction Skill: Mainly from ENSO Influence

—~

/Fig. 1: (a)—(g) Correlations between OISSTv2 \
e analyzed and CFSv2 predicted ensemble mean
SSTA in the tropical and North Pacific for 0—6-
month lead with IC in January 1982—December
2010. (h) The average of the correlations in (a)—
N (9). Only the 0.5 contour is plotted. The green

rectangle in (a) represents region of 30°-50°N,
QSOOE_lSOOW used to define NPV index. )

SSTA Correlations between 3—Mon OISST and CFSv2 Predictions (Jan1982—-Dec2010)
(a) Lead O Month (b) Lead 1 Month (c) Lead 2 Month
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/Fig. 2: Dependence of prediction skills of CFSVZ\

i, O CON. o
1SST20E 150 180 15O0W 120W 9OW 120t 1SOE 130 150W 120W SO predicted NPV index with IC in January 1982—
— T I T T [ December 2010 on lead time and phase
-01 010203 04 05 06 07 08 09 relationship between Nifio-3.4 and NPV indices.
Red (blue) bars represent the prediction skills of
Hu, Z.-Z., A. Kumar, B. Huang, J. Zhu, and Y. Guan, 2014: Prediction NPV index for in-phase (out of phase) variations
skill of North Pacific variability in NCEP Climate Forecast System penwreen Nino-S.4 and NPV indlcesat IC. The
Version 2: Impact of ENSO and beyond. J. Climate, 27 (11), 4263-4272. ;%nttm:;dér Is the average of the skill for 0-6
DOI: 10.1175/JCLI-D-13-00633.1 k
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Arctic Sea Ice; NSIDC (http://nsidc.org/arcticseaicenews/index.html)

Ayverage Monthly Archic S£a lce ExXTent
January 1979 - 20232 Sea Ice Extent, Jan 2022

"' 4
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Arctic Sea Ice Extent
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10 Feb z022

Extent (millions of square kilometers)

National Snow and Ice Data Center, University of Colorado Boulder

Total extent = 13.9 million sq km

- “Arctic sea ice extent averaged for Jan 2022 was the 16" lowest in the satellite record above all years since
2009, with the exception of 2013 and 2014. This illustrates the large natural variability in sea ice conditions.”

-The downward linear trend in January sea ice extent over the 44-year satellite record is 3.0% per decade
relative to the 1981 to 2010 average.
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NCEP/CPC Arctic Sea Ice Extent Forecast

Arctic sea ice extent (SIE) forecast
Experimental CFSv2 initialized January 21 —25, 2022
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[https://www.cpc.ncep.noaa.gov/products/people/wwang/seaice_seasonaI/index.html ] ”
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Evolution of Indian Ocean SST Indices

Indian Ocean Dipcle Mode Indices

{OISST, 1991 -2020 Climatology)
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Tropical Indian: SSTA, SSTA Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Wind Anom.
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Tropical and North Atlantic Ocean
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NAO and SST Anomaly in North Atlantic

Monthly Standardized MAL
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K NAO switched to a positive
phase in Dec 2021 with NAOI=
0.74 in Jan 2022.
- The positive SSTASs in the mid-
high latitudes of the North Atlantic
Ocean were evident during last
/

Kyear.

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 Ol SST analysis, and anomalies are departures 34
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ENSO and Global SST Predictions



Individual Model Forecasts:

Anomaly (deg C)

[ EC: Nifio3.4, 1C= 01Feb 2022 ]

NINO3.4 SST anomaly plume
ECMWF forecast from 1 Feb 2022

Monthly mean anomalies relative to NCEP OIv2 1981-2010 climatology
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NMME forecasts from different initial conditions
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CFS Nifno3.4 SST Predictions from Different Initial Months
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CFSv2 Individual forecast members

—F5Sv2 Forecaal enesmble mean

Ok earvations

-

- The latest
CFSv2
forecasts call
that La Nifa
will persist in
summer —
\autumn 2022}

~

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.
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IRI/CPC Nifio3.4 Forecast:
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CFS Pacific Decadal Oscillation (PDO) Index Predictions from Different Initial Months

standardized PDO index

5 [C=5eplO20 a5 [C=Mar2021 35 [C=5ep2021
= .5 25
1.3 1.3 1.3
i i i
L5 0.5 0.5

. =7 —7
-15 L -2 ~25 b / \
_}‘5 L L i 'V' ) - _3|5 Ll - Ll — - _3|5

PR JIL OLT AN AFR JUL OGT JAN APR JUL DCT 4N RPR ML GCT i APR JUL OUT N APR JUL OGT 4 AR JUL OGT JiM APR JIL OGT W AFR JUL OGT J&N
e 2021 el J023  Hzh 2021 22 s e i 209z Pl - V
. |C=Naw 2320 5 |C=May2221 . [C=Mow2 21 N
X . . predicts a
7 7 H
1.? 1 ? 1.? =
o ofl e gl negative
L5 =05 =05 "\
i A il s A
s W~ E e phase of
—-55 =T ™ e ——— i e ———— = " =35 =T e —————— r— T ——— =35 - - T il ™ T ——— ™ -
APR UL QCT 8N AFR JUL OCT JAN AFR JUL OCT JSN #FR JLL OCT 4N APR JUL CCT JAN ARR JUL OCT JeN AFR JUL OCT &N APR JUL OCT J4N APR JUL OCT J&N
1Z0 201 121 013 120 20211 Z02T Azn 2000 a0171 20717 17T, P D O I n
5 IC=dan2021 25 IC=JulZ0=21 5 |[C=Jdan2a22
5 5 H
15 .5 2.5 "
1 z 2
15 15 15 K /
i i 1
RS S 05
- 1 "l e

S
<

-15 Ll -5 e -5

34 3 i3
JE'.F‘R JUL AT JAH APR JUL OCT JAM SPR JIUL DET J&N '5|5.F‘R JIL ACT JaH APR JUL OOT JAMW APR JUL OCT JAN “ARFE JUL OCT LH PR JUL ACT JOH 8RR JUL 0CT JAH
2020 2021 272 2023 2020 2021 LT 2023 a5 anga Pats

FSv2 Individual forecast members —FSv2 Forecaat eneemble mean Ohesrvations

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. 40




NCEP CFS DMI SST Predictions from Different Initial Months

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




CFSv2 Atlantic SSTA Predictions

CFSv2 Predicted SST Anomaly (40 Member Mean; °C)
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SSTAs in the North Atlantic & MDR
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Table 1. Ranked order of the hottest five wvears of the global /2021 was the \

ocean, since 1955, The OHC wvalues are anomalies for the upper

2000 o in apite of 71 alative to the 1981-2010 average. warmest ocean since

IAPCAS NCELMNOA A
e . 1955 based on
221 211 global ocean HC of
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' OHC from 1958 through.
200~®@| 2021. The histogram
150 = 2 4 presents annual anomalies
relative to a 1981-2010
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> %l anomalies shown as red
‘ bars and negative
§ LR anomalies as blue. Units:
@ Annual mean 7]
:JJ:) -50 y Cheng, et al. 2022: Another

Record: Ocean Warming
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Monthly mean | La Nifia Conditions. Adv.
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SST Anamaly {1854 —Present)
{ERSST.+5., 1991 —2020 Climatelegy, & Month—Runnina—M=ar

MIMNOE 4+ Index

1860
Global SSTA

Deqree C

1860 1EED 1900 1920 1940 1860 1980 2000 2020

= Strong warming tendency was observed for global SST; but 2021 wasn’t the
warmest year based on global averaged ERSSTV5.

= Warming tendency was ambiguous in the Nifo3.4.




Yearly Mean SSTA Indices

(a) Global Oceon

(b) Global Ocean
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in 2021
(+0.29°C) were

2020 (0.39°C),
and the record
year of 2016

\(+0.44°C).

averaged SSTAs

smaller than that
in 2019 (0.41°C),
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- Fig. 3.3. Annually-averaged SSTAs of ERSSTV5 (solid white) and 2 std. dev. (grey shading) of ERSSTv5, SSTAs of HadSST.4.0.1.04 (solid red), and
SSTAs of DOISST (solid green), in 19502021 except for (b). (a) Global, (b) Global in 1880-2021, (c) Tropical Pacific, (d) Tropical Indian, (e) Tropical
Atlantic, (f) North Pacific, (g) North Atlantic, and (h) Southern Oceans. The 2 std. dev. envelope was derived from a 500-member ensemble analysis based
on ERSSTV5 (Huang et al. 2020) and centered to SSTAs of ERSSTV5. The year 2000 is indicated by a vertical black dotted line.
- BAMS State of the Climate in 2021 by Huang et al.




Linear Trend Values

Product Region 2000-2021 1950-2021
HadSST.4.0.1.0 | Global 0.175+0.067 |0.12x0.02
DOISST Global 0.190+0.057 | N/A

ERSSTVS Global 0.158+0.065 |0.10#0.01
ERSSTVS Tropical Pacific (30°S—30°N) 0.141+0.163 |0.10£0.03
ERSSTVS North Pacific (30°-60°N) 0.364+0.127 |0.09 £0.04
ERSSTV5 Tropical Indian Ocean (30°S-|0.184+0.083 |0.14#0.02

30°N)

ERSSTVS North Atlantic (30°—60°N) 0.158+0.088 |0.12+0.05
ERSSTVS Tropical Atlantic (30°S-30°N) 0.151+0.084 |0.11£0.02
ERSSTVS Southern Ocean (30°-60°S) 0.117+0.053 |0.10£0.02

KOveraII, the \

warming trends of the
global oceans since
the 1950s persisted.

- The linear trends of
globally annually
averaged SSTAs
were
0.10°40.01°C/decad
e over 1950-2021.

- The warming trend
was the largest in the
tropical Indian Ocean
(0.14+0.02°C/decad
e) & the smallest in
the North Pacific

(0.09+0.04°C/deca

-

de). /

- Table 3.1. Linear trends (°C/ decade) of annually and regionally averaged SSTAs from ERSSTv5, HadSST4, and DOISST. The uncertainties
at 95% confidence level are estimated by accounting for the effective sampling number quantified by lag-1 auto correlation on the degrees of
freedom of annually-averaged SST series.

- BAMS State of the Climate in 2021 by Huang et al.




2021 Yearly Mean ERSSTv5 SSTA & Tendency

" K The cooling \

(warming) in the eastern
(western) tropical Pacific,
associated with the La
Nifia in 2021.

» Warming in the North
Pacific was consistent
with the negative phase of
60E ' 120E ' 180 ' 120W ' 60W ' 0 PDO in 2021.

' ' ' ; ' » Warming in the
tropical Atlantic Ocean
was linked to the Atlantic
Nifio in the 2nd half of
2021.

» The central and
eastern tropical Pacific
was cooler in 2021 than in

— \ 2020 Y

- Fig. 3.1. Fig. 3.1. (a) Annually-averaged SSTAs in 2021 and (b) difference of annually-averaged SSTAs between 2021 and
2020. Values are relative to 1991-2020 climatology and the SSTA difference in is significant at 95% level in stippled areas.
- BAMS State of the Climate in 2021 by Huang et al.




2021 Yearly Mean AVISO SSH Anomalies & Tendency

AVISO SSH (CM; 1992—2020 Climatology)

(a) 2021

' /> Pronounced
positive SSH
anomalies were
present in the
tropical northern
Indian Ocean and
tropical western
Pacific, consisting

with La Nifa in

2021.

» Positive SSH
anomalies were
observed in the
North Pacific.

» The east-west
contrast across the
tropical Pacific was

larger in 2021 than
I I |

W s * = D s _A_:‘ . :: _._ = s v ij-“A :“ o S .: _-_ .
e in 2020.
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Seasonal Mean ERSSTv5 SSTA In 2021

DJF

JIA

60E 120E 180 120W 60W 0 60E 120E 180 120W B60W 0
— | | [ [ [ T e
-2 -1.5 -1 —0.5 —0.2 0.2 0.5 1 1.5 2

- Fig 3.2. Seasonally-averaged SSTAs of ERSSTV5 (°C; shading) for (a) Dec 2020 to Feb 2021, (b) Mar to May 2021, (c) Jun to
Aug 2021, and (d) Sep to Nov 2021. The normalized seasonal mean SSTAs based on seasonal mean standard deviation 1 std.
dev. over 1991-2020 are indicated by contours of -2 (dashed white) -1 (dashed black), 1 (solid black), and 2 (solid white).

- BAMS State of the Climate in 2021 by Huang et al.




Temperature Anomaly (°C compared to the 1951-1980 average)
_ |
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2021 ties 2018 for Sixth Warmest Year on Record
Global Temperature Anomaly (°C compared to the 1951-1980 average)

1,00
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0.501
0.257
0.00
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—0.50 7 : : : : : : :
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/> “Earth’s global\

average surface
temperature in 2021 tied
2018 as the sixth-
warmest year on record,
according to
independent analyses
from NASA & NOAA.”
> “2021wasala
Nina year, and NASA
scientists estimate that
those ocean conditions
may have cooled
global temperatures
by about 0.03°C from

what the average

wight have been.” /

[ https://www.nasa.gov/press-release/2021-tied-for-6th-warmest-year-in-continued-trend-nasa-analysis-shows

~




2021 Annual Review

K 2021 global ocean (HC2000) was the warmest since 195}

» Global averaged SSTAs in 2021 (+0.29°C) were smaller
than that in 2019 (0.41°C), 2020 (0.39°C), and the record
year of 2016 (+0.44°C).

» Overall, the warming trends of the global oceans since the
1950s persisted with the linear trends of globally annually
averaged SSTASs of 0.10°+0.01°C decade ! over 1950-

2021.
» The warming trend was the largest in the tropical Indian

Ocean and the smallest in the North Pacific.
» Earth’s global average surface temperature in 2021 tied 2018 as

the sixth-warmest year on record, according to NASA &
\NOAA. /
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Data Sources (climatology is for 1991-2020)

> Weekly Optimal Interpolation SST (Ol SST) version 2 (Reynolds et al. 2002)

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)

> 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

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

Positive SSS anomaly continues in the western
equatorial Pacific Ocean with reduced precipitation in
this area. Negative SSS anomaly also continues in the
eastern equatorial Pacific Ocean (east of 120°W).
Positive SSS anomaly continues in the North and South
Atlantic Ocean, while negative SSS anomaly shows in

the equatorial region of Atlantic Ocean. Negative SSS
anomaly appears in the Bay of Bengal.

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

Precipitation: CMORPH adjusted satellite precipitation
estimates

\Ev.apnr.aﬁom-Adjusted.CF.S.Reanalysisr j
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ﬂmpared with last month, SQ

increased in the central North
Pacific Ocean likely due to reduced
precipitation. SSS decreased in the
equatorial region in the Atlantic
Ocean. In Bay of Bengal, SSS
decreased which is possibly due to
increased precipitation. SSS
increased in the Arabian Sea and
nearby equator in the Indian
Ocean.
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m)TE: 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.

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

* In the equatorial Pacific
Ocean, west of 140°E,
negative SSS signal
continues; positive SSS
signal continues between
140°E and 170°W; neutral
or likely negative signal

\continues east of 150°W./

Sea Surface Salinity
2010 = —

2011
2012

2013

2017 1l

2021 8

2022 . —
T20E 130E 140E 150E 1860E 17QE 180 170W 160W 150W 140W 130W 120W 110W

-1 -0 -0.2 -0.1 -0.05 Q.05 0441 0.2 05 1
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ﬁgure caption: \

Hovemoller 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

@13. /
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Global SSH and HC300 Anomaly & Anomaly Tendency

JAN 2022 SSH Anomaly (cm)
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Warm Water Volume (WWYV) and Nifno3.4 Anomalies

\ [NINO3.4, WWV] Phase Space
- As WWV is intimately linked to 3 ; | ;
ENSO variability (Wyrtki 1985; Jin - Equatorial Warm Water Volume (WWV)

1997), it is useful to monitor was the recharge phase in Jan 2022.
ENSO in a phase space of WWV , :

and Nino3.4 (Kessler 2002).

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

content. /

EL NINO

(NINO3.4 degree)
=

LA NINA

S W 6 -1z @ 4 0 1 8 12 15 % 2
DISCHARGE  (Warm Water Volume)  RECHARGE

Phase diagram of Warm Water Volume (WWV) 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. 63




Ocean Mixed-Layer Heat Budget

Kobserved SSTA\ - Mixed—Layer Heat Budget & Ol S5TA at MINO3.4 (7—Pentend Running Mean) 5

tendency
(dSSTA/dt; bar) N
and total heat
budget (RHS;
black line) was
positive recently.

r1.5

0.5

- Dynamical
terms (Qu, ,
Qw+Qzz) were
negative and
heat-flux term
(" 2) were small

recently. au Qw+0zz
18 FER WER LPR WY JUN JUL LG SEP ocT NGy DEC AN Fem -
2021 2022

ﬁluang, B., Y. Xue, X. Zhang, A. Kumar, and M. J. McPhaden, 2010 : The NCEP GODAS ocean analysis of the tropical Pacific mixed\
layer heat budget on seasonal to interannual time scales, J. Climate., 23, 4901-4925.

Qu: Zonal advection; Qv: Meridional advection;

Qw: Vertical entrainment; Qzz: Vertical diffusion

Qq: (Qnet - Qpen + Qcorr)/pcph; Qnet = SW + LW + LH +SH;
\Qpen: SW penetration; Qcorr: Flux correction due to relaxation to OI SST J

Heat (C/Menth)
=

I
o
cn

RHE=0Qu+0v+Qw+Lzz+0qg 5 ETA S




Equatorial Pacific SST (°C), HC300 (°C), u850 (m/s) Anomalies
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- Easterly wind anomaly was present across the equatorial Pacific since Mar 2021.

- Below- average HC300 was observed in the eastern Pacific since Jul 2021.

- Negative SSTA weakened in the central and eastern equatorial Pacific in Jan 2022. 65
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