/

o

Global Ocean Monitoring:
Recent Evolution, Current Status,
and Predictions

~

/

g Prepared by A

Climate Prediction Center, NCEP/NOAA
May 11, 2022

. /

ATMOS pH/
&
‘o
0,
2

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
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Overview

*Pacific Ocean

— NOAA “ENSO Diagnostic Discussion” on 14 Apr 2022 stated “La Nifa is favored
to continue through the Northern Hemisphere summer (59% chance during June-
August 2022), with a 50-55% chance through the fall.”

— La Nina condition persisted with Nifo3.4 =-1.1°Cin Apr 2022.

— Positive SSTAs continued in the North Pacific.

— The PDO has been in a negative phase since Jan 2020 with PDOI = -1.5 in Apr
2022.

*Arctic Ocean

— Arctic spring melt has started. Overall decline was slower than average through
the month. Average Arctic sea ice extent for April 2022 ranked the eleventh
lowest in the 44-year satellite record.

*Indian Ocean
— SSTAs were small in the tropical Indian Ocean in Apr 2022.

eAtlantic Ocean

— SSTs were near average in the tropical Atlantic Ocean in Apr 2022.
— NAO switched to a negative phase in Apr 2022 with NAOI=-0.5.
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Global SST Anomaly (°C) and Anomaly Tendency

APR 2022 SST Anomaly (°C)

/— Negative SSTAs persisted in the \
central and southeastern tropical
Pacific.
- Positive SSTAs persisted in part of
the North Pacific.
- SSTs were near average in the
ktropical Atlantic and Indian Oceans. J
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SSTAs (top) and SSTA tendency (bottom). Data are derived from the OI SST analysis, and anomalies are departures from the
1991-2020 base period means. 5




Longitude-Depth Temperature Anomaly and Anomaly Tendency in 2°S-2°N
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ﬁ:’ositive (negative) \
temperature anomalies were

observed along the thermocline
in the western (eastern)
equatorial Pacific.

- Temperature anomalies were
small along the thermocline in
the equatorial Atlantic Ocean.
- Positive (negative)
temperature anomalies were
present in the upper (lower)
layers of the eastern equatorial
Indian Ocean.

f- Temperature anomaly tendency\
was positive (negative) along the
thermocline in the western and
central (eastern) Pacific,
strengthening the tilt/dipole mode

stociated with ENSO. j

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

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




TAO, GODAS, & CFSR monthly mean subsurface temperature anomalies

along the Equator during the last 3 months

Ocaan Temparaturs Sceacrraly

E0
130 o
< |8
250 “-1"‘-1

250 4

S0

1shE 1340

150w 120w

140 o

150

250 A

250

D

'ISIIE

150w 120w

1430

150

el By

250 4

Pl T
150 154

TAO LClim:

150 120

19993 —2020) SOoOOAS {Chime:

— =

—a

FEB 2o 32

in 2S5 —2M (oC}

S

100 o

155 o

200

Z50 A

ST S

bs)m
N

o i
d Sl

1_“\“1
10 A

1540
2040 A
2540 H

S S

1=50E TS0OWw 1 20

[ 5 P o =t )= =

1 5 ]
5{:. T b " "
2 . : B
100 ' L
F s
1545 " e
—1
oS
=5 ﬁ (-v
S0 - - o . .
1E&E0E 1&E0 150 1220w

F = =
H

| -

50 1

L

1540

200

2540 1

S A

APRRZOZ2Z

150 o

ZF00 H

=50

L 2

-

T L

i 0

=
“’\w{-'
[~

L= 1 Ny

100

150

200

250

S0 S

— 3

1S0E 1S0 150w 120w

150E 180

1991 —2020) CFSR (Clim:

— = —1 o 1

= = -3 =

1S0W 1 Z0W
191 —2020}




AVISO
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= Positive (negative) anomalous tendencies were present in the east-central (eastern) equatorial Pacific.
= There are some differences in details between AVISO & GODAS with small scale features dominating AVISO.

= Basic features in the tropical Pacific associated with La Nina evolution are consistent between AVISO and GODAS.




Tropical Pacific Ocean and ENSO

Conditions
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Evolution of Pacific Nino SST Indices

Monthly Tropical Pacific SST Anomaly

(Bar: 19891—2022 Climatelogy; Curve: Last 10 YR Climatclogy)
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Nifo3.4 =-1.1C.

- Compared with Apr 2021, the east-central and

~

southeastern tropical Pacific was cooler in Apr 2022.
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Comparison of ERSSTv5 & Olv2.1 Nino3.4 Index
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ERSSTV5 is warmer
or cooler than
Olv2.1.

- For both the
extreme positive
and negative
(>1.5°C or <-1.5°C)
Nif03.4, ERSSTv5
IS mostly warmer
than Olv2.1.

- During last couple
months, ERSSTv5
was slightly cooler

/- Sometimes, \

\than Olv2.1. /
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Evolution of Pacific Nino SST Indices

Monthly Trapical Pacific SST Anamaly
Celd Tongue Index (Ren and Jin 20110: E?I_; —
31 |
o2 |
w17 | oy PO <3 |
= L e amatat /1T LECLT et B | | s i e, O LA
& :; | I O : »ﬁ L\,
-3 n I - = S ¥
JuL JAN JL LT JAN JUL JAN s 60E 120€ 180 1200 50N 0
2018 20149 2020 2021 I 2022
J_Wurm Feel Index {(Ren and .Jin 20'1: GRL) I k __,.5 B R o.;—s R R ) /
TR |
14
o D,-......lll.lllll.llllllllll-l.....__._.n._...l.___. ="~
é':’f =11 I I - Relative Nifi03.4 index is defined as the
_2_
-3 . | M SR B : conventional Nifio3.4 index minus the
JUL JAM JUL JAM JUL JAM JUL JAMN . .
2018 2019 2020 2021 | 2022 SSTA averaged in the whole tropics (0°-
ENSO—Medokl Index [(Ashok et al. IOD?: JGR) _ .
3 | i 360°, 20°S-20°N), in order to remove the
‘fﬂ f: I I global warming signal. Also, to have the
| menuinnsninaeiiilongne-] — s e .
g 0 meMEEEEER - "= . Dl U1 Ui b same variability as the conventional
R .~ . . .~ . .
O -z I Nifio3.4 index, the relative Nifio3.4 index is
=3 | .
L TN L TR 2N i FEm renormalized (van Oldenborgh et al. 2021:
2018 2019 2020 2021 I 2022
Relative Minad.4 Index {van Didenbbrgh et al. 2021} ERL, 10.1088/1748-9326/abe%ed).
3 |
o ozl I |
o 17 Relative Nifio3.4 data updated monthly at:
E 0 -----.....I..-—z--_..___-_- =g = 2
5 ) o L || [ LD e [ [ L
=g I https://www.cpc.ncep.noaa.gov/data/indices
-3 g e— .
JUL JAN JOL JAN JUL JAN JUL JAN /RONI.ascii.txt
2018 2019 2020 2021 2022



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

27APR2022 — 30MAR2022 SST Anom. (°C)
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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 OI 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. 13
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Current Status of the Pacific Meridional Mode (PMM)

PMM Index (SST based): Dots denote APR values
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Lagged regressions of seasonally averaged
SST and surface wind anomalies on NPMM
SST time series calculated from a Maximum
Covariance Analysis.
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Evolution of Equatorial Pacific Surface Zonal Current Anomaly (cm/s)

U {(15m), cm/s, 295—2°N (Shading=Anaomaly; Cantour=19943—2020 Clim)
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Oceanic Kelvin Wave (OKW) Index
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- A downwelling Kelvin wave initiated in Dec 2021 led to the weakening of 2021/22 La Nifia. An upwelling Kelvin wave was
initiated in Jan-Feb 2022.
- Dipole-like variations with positive (negative) anomalies in the west (east) were observed since Mar 2022.

~

(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).) j
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Evolution of Pentad D20 and Taux anomalies along the equator

Depth 20°C Pentad Anomaly, ending May 05 2022
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Equatorial Pacific Ocean Temperature Pentad Mean Anomaly
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/- Positive \

(negative) ocean
temperature
anomalies were
present in the
central (east-
central) Pacific.

- In addition to the
stationary
component, there is
a slightly eastward
propagation.

-The anomalies of
GODAS were
overall larger than

N Y,
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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 & 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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[The PDO has been in a \

negative phase since Jan 2020
with PDOI =-1.5 in Apr 2022.

- Statistically, ENSO leads
PDO by 3-4 months, through
teleconnection via atmospheric
bridge, with El Nifio (La Nina)
associated with positive
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standardized projection of the monthly SST anomalies onto the 15t EOF pattern.

* PDO is defined as the 15t EOF of monthly ERSST v3b in the North Pacific for the period 1900-1993. PDO index is the }
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North Pacific & Arctic Ocean: SSTA, SSTA Tend., OLR, SLP, Sfc Rad, Sfc FIx Anomalies
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SSTA (top-left; Ol 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

into the ocean; NCEP CDAS). Anomalies are departures from the 1991-2020 base period means. 29




North America Western Coastal Upwelling

Pentad Coasatal Upwelling for West Coast Morth America
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- Anomalous coastal
downwelling was
observed since mid-

Apr 2022.
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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. 23
- Climatologically upwelling season progresses from March to July along the west coast of North America from 362N to 572N.
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CFSv2 North Pacific SSTA Predictions

CFSv2 Predictad 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

April 1979 - 2022 Sea Ice Extent, Apr 202?

16
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145/
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os

National Snow and Ice Data Center, University of Colorado Br'-~

Total extent = 14.1 million sq km

- Arctic spring melt has started. Overall decline was slower than average through the month.

- Average Arctic sea ice extent for April 2022 ranked the eleventh lowest in the 44-year satellite record.

- The downward linear trend in April sea ice extent over the 44-year-satellite record is 2.6 percent 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 CFSvZ2 initialized April 21—-25, 2022

Ensemble Spread
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[https://www.cpc.ncep.noaa.gov/products/people/wwang/seaice_seasonaI/index.html ] .




Indian Ocean

28



Evolution of Indian Ocean SST Indices

Indian Ocean Dipole Mode Indices APR2022 $5T Anom. (°C)
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Tropical Indian: SSTA, SSTA Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Wind Anom.
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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 OI SST analysis, OLR from the NOAA 18 AVHRR IR window channel measurements by NESDIS, winds and

30
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 Tropical Atlantic SST Indices
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NAO and SST Anomaly in North Atlantic
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SSTAs in the North Atlantic & MDR
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ENSO and Global SST Predictions



IRI/CPC Nifio3.4 Forecast:

Model Predictions of ENSO from Apr 2022
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Anomaly (deg C)

Individual Model Forecasts:

EC: IC=1 May 2022

NINO3.4 SST anomaly plume

ECMWF forecast from 1 May 2022

Monthly mean anomalies relative to NCEP Olv2 1881-2010 climatology
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CFS Nino3.4 SST Predictions from Different Initial Months
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Nino3.4 SST Anomaly (° C)

Nino3.4 SST Anomaly (°C)

Model Predictions of ENSO from Jan 2022

Model Predictions of ENSO from Feb 2022
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NMME forecasts from different initial conditions

NMME scaled Nino3.4, 1€=202202 NMME scaled Nino3.4, IC=202203
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CESv?2 Predicted the cooling tendency earlier & stronger than ECMWF Model

ECMWF}orecast from 1 Jan 2022

Manthly mean anomalies relative to NCEP OIv2 1381-2010 cimatology
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Another Example: 2017/18 La Nina
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EEMD of Nino3.4 Index (Black Dot:
Red Solid: Interannual; Green Dash:

Intraseasonal—Interseasonal;
Interdecadal; Shading: Raw)
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(b) 1998—99 L >
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2011
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2021 2022

/I\/Ionthly mean Nifi03.4 \

index during (a) Jan
1988-Apr 1990, (b) Jan
1998-Apr 2000, (c) Jan
1999-Apr 2001, (d) Jan
2007-Apr 2009, (e) Jan
2010-Apr 2012, and (f)
Jan 2020-May 2021. The
shading, black dot, red
solid, and green dash
lines represent raw data,
EEMD components at
intraseasonal-
interseasonal,
interannual, and
interdecadal and longer
time scales, respectively.

\The unit is °C.. /

» The strength of all the strong La Nifia events is determined by the in-phase amplification of all time scale variations.
» Their decay in the boreal spring and early summer is mainly controlled by the intraseasonal-interseasonal variation.

Li et al. 2022: A Historical Perspective of the La Nifia Event in 2020/21. JGR 127 (7), €2021JD035546. DOI: 10.1029/2021JD035546.
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Excessive Momentum and False Alarms in Late-Spring ENSO Forecasts
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KFig. 3 False alarm years (1984, 1987, 1991, 2001, 2003, 2011, 2013, 2014, and 2017) in which the forecast probability of the wrong sign of the\
3-month tendency exceeded 80% for April-June starts. The black curves are observed monthly values of the Nifio 3.4 index with 1-month prior
tendencies highlighted in the same color as the corresponding forecast. The colored curves are forecast values with heavy lines for the North
American multimodel ensemble mean and light lines for North American multimodel ensemble members. Note the differing vertical scales.

Tippett, M. K., L'Heureux, M. L., Becker, E. J., & Kumar, A. (2020). Excessive momentum and false alarms in late-spring ENSO forecasts.
kGeophysical Research Letters, 47, €2020GL087008. https://doi.org/10.1029/2020GL087008 j
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Nino-3.4 Index (° C)

March 2022 La Nifia update: three-bean salad (MICHELLE L'HEUREUX)

Three Year Evolution of All Double Dip La Nina Winters

Neutral in 3rd Winter
—— El Nifo in 3rd Winter
2 —— La Nifia in 3rd Winter
= Current Event

Jan Yr+0 Jan Yr+1 Jan Yr+2 Jan Yr+3

KI'h ree-year history of sea surface temperatures in the Nifio-3.4 region of the tropical Pacific for 8
previous double-dip La Nifia events. The color of the line indicates the state of ENSO for the third
winter (red: EI Nifio, darker blue: La Nifia, lighter blue: neutral). The black line shows the current
event. Monthly Nifio-3.4 index is from CPC using ERSSTV5.

Khttps://www.cl imate.gov/news-features/blogs/enso/march-2022-la-ni%C3%Bla-update-three-bean-salad j

~

47




D20 & Taux in 3-year (1998-2001) & 2-year (2010-13) La Nina & 2020-22 (Suggested by Eric Blake; NHC/NCEP)

GODAS (Fentod D20 ond TAUX Anomalies: 25—2MN:; m., MSm™2) 0. 15M, w2

(.:} 01Jan1998—01Jul2001 {b) 014an2010-01JuI2013 (c)] 01Jan2020—07J0IZ023

4‘- = tl— ﬁ;-F . !_-J.E-—ih 4’*”2“0

JAN1998

>
-

JUL159E R - - .- - ' I - o T R 20D

JEN1598 . . TR R T 2 AN SESUNTICERSSS Sl & Sk ALY

JLIL‘IQQEI-------,------- T I o T o N . ] uLoon

JAMZOEZ

JuL200; S SEEE B - -1 -—-- R SR NUEL}:

Janzoo1 | S JANZOTS

T i i i i =t L2023
150 1Z0W 90w 150E 180 1B0W  120%  GOW

| I S
0 10 30 30 40

JULZ007

180E 180 1EOW  120W  GOW 140

—40 =30

48




CFS Pacific Decadal Oscillation (PDO) Index Predictions from Different Initial Months

standardized PDO index
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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. 49




NCEP CFS DMI SST Predictions from Different Initial Months
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Indian Ocean Dipole SST anomalies (K)
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