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* Recent highlights
— Pacific/Arctic Ocean
— Indian Ocean

— Atlantic Ocean

 Global SSTA Predictions

e Special Topics

\— North Pacific Marine Heatwave status and prediction /




Overview

e Pacific Ocean

— ENSO neutral condition persisted (NINO3.4 = -0.21°C), but with strong cold
anomalies in the far eastern region (NINO1+2 =-1.0°C)

— Positive SSTAs strengthened in the NE Pacific in July 2020; The PDO was in a
negative phase (PDOI = -0.64).

e Indian Ocean

— Basin-wide SST warming persisted in the tropical Indian Ocean in July 2020.

e Atlantic Ocean

— Positive SSTAs were present across the tropical North Atlantic basin in July
2020, generating a tropical Atlantic meridional mode.

— NAO switched to a negative phase in July 2020 with NAOI=-1.19; the prolonged
tripole SSTA pattern was absent in the north Atlantic.

* Arctic Ocean

— The seaice extent in July 2020 was ranked as the lowest July since 1979.




Global Oceans



Global SST Anomaly (°C) and Anomaly Tendency

JUL 2020 SST Anomaly (°C)

(1981-2010 Climatology)
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KNegative SSTAs persisted in the \

eastern equatorial Pacific.

- Strong positive SSTAs appeared in
the NE Pacific.

- Positive SSTAs were present over
the tropical North Atlantic.

- Positive SSTAs persisted in the

\tropical Indian Ocean.

/

KNegative (positive) SSTA tendencies\
were present in the far eastern (east-
central) equatorial Pacific.

- Positive SSTA tendencies appeared
in the NE Pacific with negative to its
south.

- Negative SSTA tendencies presented

choss most of the tropical Atlantic. /

[Sea surface temperature anomalies (top) and anomaly tendency (bottom). Data are derived from the NCEP OI SST analysis,

and anomalies are departures from the 1981-2010 base period means.

J 5




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

JUL 2020 Eq. Temp Anomaly (°C)
(GODAS, Climo. 81-10)
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KWeak negative temperature\

anomalies presented along the
thermocline in both the
eastern equatorial Pacific and
Atlantic Oceans.

- Positive temperature
anomalies were observed in

&he equatorial Indian Ocean./
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Equatorial depth-longitude section of ocean temperature anomalies (top) and anomaly tendency (bottom). Data is from the 6

NCEP's global ocean data assimilation system. Anomalies are departures from the 1981-2010 base period means.



Global SSH and HC300 Anomaly & Anomaly Tendency

JUL 2020 SSH Anomaly (cm)
(AVISO Altlmetry. Clnmo 93 13)
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- The SSHA pattern was overall consistent with the HC300A pattern, but with a significant trend component in SSHA.

- Much better consistency for tendencies: negative in the eastern off-equatorial Pacific (and western Indian Ocean)

and positive in the eastern equatorial Pacific (and eastern Indian Ocean).
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Global Sea Surface Salinity Anomaly and Anomaly Tendency

ﬂ?ositive SSS anomalies \

present across most of the
Pacific and Atlantic Oceans
with negative anomalies in
the tropical south Indian
ocean, the Maritime
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Tropical Pacific Ocean and ENSO
Conditions



Evolution of Pacific NINO SST Indices

Monthly Tropical Pacific SST Anomaly
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Monthly Tropical Pacific SST Anomaly

Monthly Tropical Pacific SST Anamaly

Cold Tongue Index {(Ren and Jin 2011: GRL)

14

-1

Degree C

0"-"'+Ill.-+-||||'||"-!—-lll—-...-i-"--#'-l'li
_2J ,, :

JUL JAN JUL JAN JUL JAN JUL JAN JUL
2016 2017 2018 20189 2020
Warrm Pool Index {Ren and Jin 2011: GRL)

: - - 905 . . —— :
7 . . . 0 60E 120E 180 120W 6OW 0
Do

L R R I R Tl l S =15 -1 -0.75 -05 -025 0 025 05 075 1 15(0)
I O S " NS .--.j.lnllllllllllllll“ ll.,-.;_ \ /

Degree C

ol
JUL JAN JUL JAN JUL JAN JUL JAN JUL
2016 2017 2018 2018 2020
ENSQO—Modoki Index (Ashok ef al. 2007: JGR)

. | . . . . - Warm pool/ENSO-Modoki indices
T were positive since 2018 but weakened
after May 2020.

b . . . . . I g .
[

Cod L e—————————————————

e R R R L R R T L SIRTERTE
JUL JAN JUL JAN JUL JAN JUL JAN
5016 5017 5018 5019 5020

11




Tropical Pacific: SST Anom., SST Anom. Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Winds

JUL 2020 SST Anom. (°C)
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Equatorial Pacific SST (°C), HC300 (°C), u850 (m/s) Anomalies

2°S—2°N Average, 3 Pentad Running Mean
U850
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- Easterly wind anomaly was present across the equatorial Pacific since March 2020.

- The contrast between western positive and eastern negative HC300 reduced by a weak downwelling KW in July 2020.

- Negative SSTA appeared in the eastern equatorial Pacific.
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Equatorial Pacific Ocean Temperature Pentad Mean Anomaly
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KDue to weak signals,\

some uncertainties
between GODAS and
TAO analysis about the
features of the ocean

temperature anomalies;

-Negative ocean
temperature anomalies
were present along the

thermocline and

\propagated eastward. /
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Evolution of Equatorial Pacific Surface Zonal Current Anomaly (cm/s)

U (15m), em/s, 2°S—2°N (Shading=Anomaly; Contour=Climatology)
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- Anomalous westward currents were observed across the equatorial Pacific in both
OSCAR and GODAS since late March 2020. 15




Warm Water Volume (WWV) and NINO3.4 Anomalies

- Equatorial Warm Water R
Volume (WWV) has been in a
discharge phase since March

2020 but became neutral in JuIy.)

KAS WWV is intimately Iinked\

to ENSO variability (Wyrtki
1985; Jin 1997), it is useful to
monitor ENSO in a phase
space of WWYV and NINO3.4
(Kessler 2002).

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

wntent. /

(NINO3.4 degree) EL NINO

LA NINA

[NINO3.4, WWV] Phase Space
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Equatorial Sub-surface Ocean Temperature Monitoring

GODAS OTA Projection & EOFa (0—459m, 25-2N, 1979-2012)
(a) Projection Onte EQF1 (Bar) and Nino3.4 {Curva)
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- The equatorial Pacific became
neutral after June 2020.

- Projection of ocean temperature
anomalies onto EOF1 and EOF2;
EOF1: Tilt 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/s00382-013-1721-0.
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North Pacific & Arctic Oceans




Pacific Decadal Oscillation (PDO) Index

Monthly Stundurdized PDO
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ﬁl’he PDO was in a negative \

phase with PDOI =-0.64 in
July2020.

- Statistically, ENSO leads PDO by
3-4 months, through

teleconnection via atmospheric

associated with positive

bridge, with El Nino (La Nina)
&negative) PDO Index. /




North America Western Coastal Upwelling

Pentad Coastal Upwelling for West Coast North America
{m3/s/100m coaatline) Standard Positions of Upwelling Index Calculations
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- Upwelling was near average
in July 2020, with upwelling
occurring over almost the
whole coastal region from
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Extent (millions of square kilometers)
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Arctic Sea Ice; NSIDC (http://nsidc.org/arcticseaicenews/index.html)

—1981-2010 Median
Interquartile Range
Interdecile Range

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

Jun ‘ Jul I Aug

- Arctic sea ice extent was well below normal in July 2020.
- The monthly average extent for July 2020 of 7.28 million square kilometers ended up
as the record lowest since satellite observations in 1979.

Sea Ice Extent, Jul 2020 Sea Ice Extent, 04 Aug 2020
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Total extent = 7.3 million sq km

Average Monthly Arctic Sea Ice Extent
July 1979 - 2020

National Snow and Ice Data Center, University of Colorado Boulder
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Arctic Sea Ice extent forecast

Arctic sea ice extent (SIE) forecast
Experimental CFSv2 initialized July 21-25, 2020

SIE (10° km?)

Ensemble Spread
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[https://www.cpc.ncep.noaa.gov/products/people/wwang/seaice_seasonal/index.html ) >




Indian Ocean
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Evolution of Indian Ocean SST Indices

Indian Oc¢ean Dipole Mode Indices
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Tropical Indian: SST Anom., SST Anom. Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Wind Anom.
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SST anomalies (top-left), anomaly 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 NCEP OI SST analysis, OLR from the NOAA 18 AVHRR IR window channel measurements by 25
NESDIS, winds and surface radiation and heat fluxes from the NCEP CDAS. Anomalies are departures from the 1981-2010 base period means.




Tropical and North Atlantic
Ocean




Evolution of Tropical Atlantic SST Indices
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K Positive SSTAs were present across the tropical North
Atlantic basin in July 2020.

- The indices may have slight differences if based on

\different SST products.

- SST Meridional gradient was clear in July (MGI=0.52°C).
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Tropical Atlantic: SST Anom., SST Anom. Tend., OLR, Sfc Rad, Sfc FIx, 925-mb & 200-mb Wind Anom.
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NOAA 2020 Atlantic Hurricane Seasonal Outlook

Named storms
1319

Hurricanes
6-10

Major hurricanes
3-6

Season probability

Be prepared: Visit hurricanes.gov and follow @NWS and @NHC_Atlantic on Twitter.

2020 Atantic Hurricane Seasoplug

Above-normal

AUGUST.6 UPDATE

Named storms
19-25

5%

- V

Below-normal season

Hurricanes
7-11

Major hurricanes
3-6

™ Near-normal

Season probability

Be prepared: Visit hurricanes.gov and follow @NWS and @NHC_Atlantic on Twitter.

A

ugust 6, 2020

active season is more likely;

o

KThe biggest changes from the May outlook are:
1) The likelihood of an above-normal season increased (85% now compared to 60% in May), and an extremely

2) The likely number of named storms increased sharply (19-25 now compared to 13-19 in May); and
3) We could also see more hurricanes (7-11 now compared to 6-10 in May).

-https://www.noaa.gov/media-release/extremely-active-hurricane-season-possible-for-atlantic-basin
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The Atlantic Hurricane Season —
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NAO and SST Anomaly in North Atlantic
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KNAO switched to a negative phase \
in July 2020 with NAOI=-1.19.

- The prolonged tripole SSTA pattern
was absent in July 2020, but featured
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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
(http://www.cpc.ncep.noaa.gov). Time-Latitude section of SST anomalies averaged between 802W and 202W (bottom). SST are derived from the
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IRI/CPC NINO3.4 Forecast Plume:

Model Predictions of ENSO from Jul 2020
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- Most predictions with ICs in July
2020 predicted a La Nina state
through boreal summer/fall 2020.

Probability (%)

100

90

80

70

60

50

40

30

20

10

Mid-July 2020 IRI/CPC Model-Based Probabilistic ENSO Forecasts

ENSO state based on NINO3.4 SST Anomaly
Neutral ENSO: -0.5 °C to 0.5 °C

La Nifia Forecast Probability
Neutral Forecast Probability
El Nifio Forecast Probability

— La Nifia Climatology
— Neutral Climatology
— El Nifio Climatology

JAS ASO SON OND NDJ DJF
Season

33



NOAA “ENSO Diagnostics Discussion (EDD)”:

f- ENSO Alert System Status: La Nifia Watch

- Synopsis: ENSO-neutral is favored to continue through the summer, with a
50-55% chance of La Nifia development during Northern Hemisphere fall 2020
\and continuing through winter 2020-21 (~50% chance).

~

J

Early-July 2020 CPC/IRI Official Probabilistic ENSO Forecasts
ENSO state based on NINO3.4 SST Anomaly
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Individual Model Forecasts:

—
[ EC: Nino3.4, IC=01August 2020 ] [ JMA: Nino3.4, Updated 11 August 2020

NINO3.4 SST anomaly plume
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NMME forecasts from different Initial Conditions
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CFS Nino3.4 SST Predictions from Different Initial Months
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CFS Pacific Decadal Oscillation (PDO) Index Predictions from Different Initial Months
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CFS Tropical North Atlantic (TNA) SST Predictions from Different Initial Months
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North Pacific Marine Heatwave

Status and Prediction
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Weekly SSTA evolutions in the NE Pacific
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North Pacific surface SST and circulation anomalies
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JUL 2020 SST Anom. (°C)

JUL 2020 OLR Anom. (W/m?)
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CFS NE Pacific Marine Heatwave Index Predictions from Different Initial Months
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CFSv2 NE Pacific Marine Heatwave Predictions
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Data Sources (climatology is for 1981-2010

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

YV VYV VYV VYV YV VY VY

http://www.cpc.ncep.noaa.gov/products/GODAS/multiora93 body.html
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Backup Slides



Spatial Distribution of SSTA prediction s

SSTA Predictive Skill (All ICs, 1982—-2009) /
— Averaging over 0—-9 Leading Months \

(a) CFSRR

(d) Leading 3 Months

(e) Leading 4 Months

(f) Leading 5 Months
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- ENSO-related SST presents the highest prediction skill;
- Other skillful regions include tropical North Atlantic, South Pacific, tropical Indian Ocean, part of
extratropical North Pacific,... 49

0.3 04 0.5




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

- Positive SSS anomaly continues in the west
equatorial  Pacific ocean with reduced
precipitation, while SSS anomaly became
negative with increased precipitation in the east
equatorial Pacific. Negative SSS anomaly
continues in in the central Indo-Pacific and
extends west to the Indian ocean, which is likely
caused by the increased precipitation in these
regions. Positive SSS anomaly continues in the
subtropical Atlantic Ocean. While, negative SSS
anomaly appeared in the equatorial Atlantic
region, which is being accompanied by
intensified precipitation.
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Global Sea Surface Salinity (SSS) Tendency
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NOTE: 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.

K Hovemoller diagram for equatorial SSS \

anomaly (5°S-5'N);

- In the equatorial Pacific Ocean, the SSS
signal is negative west of 140°E; positive
SSS signals continues from 140°E to
170°W; while negative and/or neutral
SSS signals appear east of 170°W and

\ such signal became stronger eastward. )

Sea Surface Salinity
2010 —

2011

2012

2013

iy e " e~

120E 130E 14Q0E 150E 160E 170E 180 170W 160W 150W 140W 130W 120W 110W

-1 =05 -0.2 -0.1 -0.05 0.05 Q1 0.2 0.5 1

52



Global Sea Surtace Salinity (SSS)
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