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Overview

Recent highlights

— Pacific/Arctic Ocean
— Indian Ocean

— Atlantic Ocean

* Global SST Predictions

* Possibility of a La Nina developing in 2016-17

* Impact of Atlantic ocean cold bias problem on CFSv2 ENSO
forecasting



Overview

> Pacific Ocean
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El Nino conditions weakened in March, but still at a strong El Nino
level.

Most model predictions suggest the El Ninho will return to ENSO-
neutral during late spring or early summer 2016.

Positive phase of PDO strengthened with PDOI=2.3 in Mar 2016.

Arctic sea ice have reached its annual maximum extent in March
and is the lowest maximum in the satellite record

> Indian Ocean
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Positive SSTA continued to cover much of the Indian Ocean, and
Dipole Mode Index was near-normal.

> Atlantic Ocean
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ATL3 and Meridional Gradient indices were near-normal.

Large uncertainty exhibited in tropical Atlantic among multiple
Ocean Reanalyses.

Positive NAO index weakened, with NAOI=1.35 in Mar 2016.



Global Oceans




Global SST Anomaly (°C) and Anomaly Tendency

MAR 2018 SST Anomqu (00) - Strong positive SSTA
continued in the central-
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o [ eastern tropical Pacific.

- SSTA pattern in N. Pacific was
associated with positive phase
of PDO.

- Horseshoe-like SSTA
presented in N. Atlantic.

- Positive SSTA continued to
cover much of the Indian
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Fig. G1. 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.




Longitude-Depth Temperature Anomaly and
Anomaly Tendency in 2°9S-29N

MAR 2016 Eq. Temp Anomaly (°C)
(GODAS, Clima. 81-10)

- Positive temperature anomalies
were confined to the top 50m of
the central-eastern Pacific.
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5 - Negative subsurface temperature
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the equatorial Indian Ocean.
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Fig. G3. Equatorial depth-longitude section of ocean temperature anomalies (top) and anomaly tendency (bottom).
Data are derived from the NCEP's global ocean data assimilation system which assimilates oceanic observations into 6
an oceanic GCM. Anomalies are departures from the 1981-2010 base period means.




Tropical Pacific Ocean and ENSO
Conditions




Tropical Pacific: SST Anom., SST Anom. Tend., OLR, Sfc
Rad, Sfc Fix, 925-mb & 200-mb Winds
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Fig. P2. Sea surface temperature (SST) anomalies (top-left), anomaly 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), 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 NESDIS, winds and surface radiation and heat fluxes from
the NCEP CDAS. Anomalies are departures from the 1981-2010 base period means.




Real-Time Multiple Ocean Reanalyses Intercomparison
(http://origin.cpc.ncep.noaa.gov/products/GODAS/multiora_body.html)

Anomalous Depth (m) of 20C Isotherm: MAR 2016
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Evolution of Pacific NINO SST Indices

Monthly Tropical Pacific SST Anomaly

(Bar: 1981—2010 Climatology; Curve: Last 10 YR Climatology)
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Fig. P1a. Nino region indices, calculated as the area-averaged monthly mean sea surface temperature anomalies (°C)
for the specified region. Data are derived from the NCEP OI SST analysis, and anomalies are departures from the 1981-
2010 base period means. 10




Equatorial Pacific SST (°C), HC300 (°C), u850 (m/s) Anomalies
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- Positive SSTA in the central and eastern equatorial Pacific weakened since Dec 2015.

- Positive HC300A east of dateline weakened substantially since Feb. 2016 with negative phase
appearing during March.

- The rapid decline of ocean heat content was probably forced by the two episodes of easterly wind
anomalies that extended from far western Pacific to near the dateline in Feb-Mar.
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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)

OSCAR GODAS
MAR2015 5 T oA | MAR2015 RN
APR2015 | (ORI i ﬂ«PRED’IS Five. & | - Anomalous current

7 i . patterns were similar

MAY2015 MAY2015 m 30

JUN2015 JUNZ015 1 ,.-‘_‘Ié between OSCAR and
- hv GODAS.

JULZD15 JULZDTS 48 2

westward current
dominated across
the central- eastern
equatorial Pacific. It
was favorable for a
cooling tendency in
the central-eastern
Pacific SSTA

SEPZ015 SEPEU15-:

DCT2015 ,-‘: CCTZ01% -

NOYZ015 NOVZ015 4

DEC2015 Lo | DEC2073

JANZDTE JANZ0TE

A
a
o

an
a"'
e

FEB2016 fig0 [/ ; - | FEB2016

\\.\_45 ;

] fff : ‘
: )wmzme i i R
i | : 15| »

1
HE
¥l

roa

150E 180 ——+SBM—I2BM 90w
[ [ [

a0 =75 gl —45 =30 =15 0 15 30 45 &l YL 90 12




1.0

=
in
1

Hest (C/month)
& @
o =

—1.04

NINO3.4 Heat Budget
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- Observed SSTA
tendency (dT/dt) in
NINO3.4 region (dotted
black line) became
negative since Dec
2015.

- Zonal advection term
(Qu) and heat flux term
(Qq) were negative in
Mar 2016, contributing
to the decay of El Nino.

Qu: Zonal advection;

Qv:

Huang, 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.

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




North Pacific & Arctic Oceans




Last Three Month SST, SLP, 925hp Wind and Net Heat flux Anom.
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- SSTA, SLP, 925hp wind and net heat flux anomalies in the north Pacific resembled those
typical ENSO-induced responses via atmospheric bridge.
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PDO index
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- Pacific Decadal Oscillation is defined as the 1st 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 1st EOF pattern.

- The PDO index differs slightly from that of JISAO, which uses a blend of UKMET and OIv1l and OIv2 SST. 16




North America Western Coastal Upwelling

Pentad Coastal Upwelling for West Coast North America Standard Positions of Upwelling Index Calculations
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- Area below (above) black line indicates climatological upwelling (downwelling) season.

- Climatologically upwelling season progresses from March to July along the west coast of North America from 36°N
to 57°N.
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Arctic Sea Ice

National Show and Ice Data Center
http://nsidc.org/arcticseaicenews/index.html
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near-real-time data
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- Arctic sea ice have reached its annual maximum extent in March and is the
lowest maximum in the satellite record.
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Indian Ocean




Evolution of Indian Ocean SST Indices

Monthly Trapical Indian S3T Anomaly
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Fig. I1la. Indian Ocean Dipole region indices, calculated as the area-averaged monthly mean sea
surface temperature anomalies (°C) for the SETIO [90°E-110°E, 10°S-0] and WTIO [50°E-70°E, 10°S-
10°N] regions, and Dipole Mode Index, defined as differences between WTIO and SETIO. Data are
derived from the NCEP OI SST analysis, and anomalies are departures from the 1981-2010 base period )
means.
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Fig. I2. Sea surface temperature (SST) anomalies (top-left), anomaly 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), 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 NESDIS, winds and surface radiation and heat fluxes from
the NCEP CDAS. Anomalies are departures from the 1981-2010 base period means.
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Tropical and North Atlantic Ocean




Evolution of Tropical Atlantic SST Indices

Monthly Tropical Atlantic SST Anomaly
{Bar: 1981—2010Q Climotolegy; Curve: Last 10 YR Climatology )
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Fig. Ala. Tropical Atlantic Variability region indices, calculated as the area-averaged monthly mean sea surface
temperature anomalies (°C) for the TNA [60°W-30°W, 5°N-20°N], TSA [30°W-10°E, 20°S-0] and ATL3 [20°W-0,
2.59S-2.5°N] regions, and Meridional Gradient Index, defined as differences between TNA and TSA. Data are
derived from the NCEP OI SST analysis, and anomalies are departures from the 1981-2010 base period means.
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Tropical Atlantic:

SST Anom., SST Anom. Tend., TCHP OLR, Sfc Filx, 925-mb/200-mb Winds and RH
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NAO and SST Anomaly in North Atlantic
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- Positive NAO weakened with
NAOI=0.4 in Mar 2016.

- SSTA was positive in the middle
latitudes and negative in the high
latitudes, may be due to the

influence of positive phase of NAO.
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Fig. NA2. 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 80°W and 20°W (bottom). SST are derived from the NCEP OI SST analysis, and
anomalies are departures from the 1981-2010 base period means.
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ENSO and Global SST Predictions




IRI NINO3.4 Forecast Plum

Mid-Mar 2016 Plume of Model ENSQ Predictions
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- All models indicate continued weakening El Nino conditions

over the coming several months.

- Most models predict a transition to ENSO-neutral by late
spring or early summer, and high possibility of La Nina
conditions during the northern hemisphere fall 2016.
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Warm Water Volume (WWV) and NINO3.4 Anomalies

Arnomalous Depth (M) of 20C

Isatherm Averaged in [120E—80WwW, 53S—5M]
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F v 7y |
—10 / v .
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— MNCEP — Ak — ECrMWF — GFDL — {shading) ENSEMBLE
False alarm 15 8 - WWV is defined as average of depth of
2t \ o1 20°C in [120°E-80°W, 5°S-5°N]. Statistically,
86 WWYV leads Nino 3.4 by 6-9 months
w T 57 o o (Meinen and McPhaden, 2000).
() 04
= of 2 % T 2? - Historical record indicates that high
= o ‘39612580 possibility of a La Nifia event will develop
= Ap P 63 o0 o1 when WWYV is strong negative in Mar.
of * e \@9 * - WWV in Mar 2016 ranked the third
Strong La Nina lowest, indicating a very high chance of a
50 10 0 10 >p  LaNifnain the coming winter.
MAR WWV

Scatter plot of WWV in March .VS. Nino 3.4
index in the following winter (DJF)
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Recent CFSv2 Cold Biases in Tropical South Atlantic

MAR 2016 HC30Q Anomaly (°C, Clim. 1999-2010): GODAS
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- A cold bias emerged around 10S in the South Atlantic around Jul 2015 and enhanced quickly with time.

- It reached -18 degree at 55m depth since Oct 2015.
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RMSD of CFSR minus GODAS Pentad Temp @ 20E, 205— ZOND Pentad Temperature

Temp at 55m (black), Temp at 105m (red), Temp at 303m (blue)

- The cold bias in 2014 started from the
—— 55m tropics and extended to extra-tropics. The
— 105 RMSD from GODAS grew fastest at 105m

| depth (red line).
— 303m

- The emergency fix implemented in Jan 2015
removed the error in the extra-tropics but
not completely in the tropics, which grew

— rapidly after the fix.
- The fix implemented on Mar 29 has brought
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 NCEP EMC implemented a fix to the CFSv2 operations on
Mar 29, 2016 to address a large erroneous cold bias in the
equatorial and South Atlantic Ocean temperatures.
« CFSv2 was re-initialized by replacing the ocean initial
states with those from an off-line GODAS.
(http://cfs.ncep.noaa.gov/cfsv2/news.html)

Before Mar 29 After Mar 29
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Before Mar 29 After Mar 29

Imitial conditions: 7Mar2016—1B8Mar2C16 Imitial diti 27Mar2015—-5A0r2016
@ nitial conditions: ar, —5Apr.
NWS/NCEP/CPC Lost update: Thu Apr 7 2018 @ NWS /NCEP /CPC Last update: Thu Apr 7 2016
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After the fix, CFSv2 forecast was noticeably warmer in the tropical Indian Ocean, western tropical Pacific and
tropical Atlantic, while colder in the central-eastern Pacific.



CFS Tropical North Atlantic (TNA) SST Predictions

from Different Initial Months

Tropical N. Atlantic SST anomalies (K)
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TNA is the
SST anomaly
averaged in
the region of
[60°W-30°W,
5°N-20°N].

- Latest CFSv2
predictions
suggest neutral
conditions in
tropical N.
Atlantic in
summer and
autumn 2016.

Fig. M3. 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 1981-2010 base period means.




Overview

> Pacific Ocean

Qg

Q

(.

El Nino conditions weakened in March, but still at a strong El Nino
level.

Most model predictions suggest the El Ninho will return to ENSO-
neutral during late spring or early summer 2016.

Positive phase of PDO strengthened with PDOI=2.3 in Mar 2016.

Arctic sea ice have reached its annual maximum extent in March
and is the lowest maximum in the satellite record

> Indian Ocean

g

Positive SSTA continued to cover much of the Indian Ocean, and
Dipole Mode Index was near-normal.

> Atlantic Ocean

Q
g

ATL3 and Meridional Gradient indices were near-normal.

Large uncertainty exhibited in tropical Atlantic among multiple
Ocean Reanalyses.

Positive NAO index weakened, with NAOI=1.35 in Mar 2016.
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Equatorial Pacific Ocean Temperature Pentad Mean Anomaly
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- Negative
temperature
anomalies near the
thermocline gradually
extended to 110°W at
the end of March.

- Positive
temperature
anomalies were
confined to the upper
50m and decreased
slowly with time.
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Tamp Anm

Oceanic Kelvin Wave (OKW) Index
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- A upwelling OKW (dashed line) was initiated in the western Pacific since Jan. 2016 and then
reached the far eastern Pacific in March. The upwelling contributed to the observed eastward
propagation of subsurface cooling.

- (OKW index is defined as standardized projections of total anomalies onto the 14 patterns of Extended EOF1 of
equatorial temperature anomalies (Seo and Xue , GRL, 2005).)
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Warm Water Volume (WWV) and NINO3.4 Anomalies

- WWV is defined as average of depth
of 20°C in [120°E-80°W, 5°S-5°N].
Statistically, peak correlation of Nino3
with WWYV occurs at 7 month lag
(Meinen and McPhaden, 2000).

- Since WWV is intimately linked 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 content.

- Equatorial Warm Water
Volume (WWYV) has been
rapidly discharged since Nov
2015.

(NINO3.4 degree) EL NINO

LA NINA

p=]

[NINO3.4, WWV] Phase Space

2016

MAR
2014

—24 -20 —16 -12 -'a' -4+ 0 4 Ié 12
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(Warm Water Volume)

16
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24

Fig. P3. Phase diagram of Warm Water Volume (WWV) and NINO 3.4 SST anomalies. WWYV is the average of depth
of 20°C in [120°E-80°W, 5°S-5°N] calculated with the NCEP's global ocean data assimilation system. Anomalies
are departures from the 1981-2010 base period means.




Global SSH and HC300 Anomaly & Anomaly Tendency

MAR 2016 SSH Anomaly (cm)

MAR 2016 Heat Content Anomaly (°C
(AVISO Altimetry, Climo. 93—13) eat Content Anomaly (°C)
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- The SSHA was overall consistent with HC300A: Positive (negative) HC300A is tied up with positive
(negative) SSHA.

- Positive SSHA(HC300A) decreased substantially in equatorial eastern Pacific.

- Negative tendencies of SSHA and HC300A presented in the eastern equatorial Pacific, indicating a decay
tendency of El Nino.
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Depth af 20C Isotherm Anomaly Averaged in 55—5N (m)
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Global Sea Surface Salinity (SSS)
Anomaly for Mar. 2016

NOTE: Since Aquarius terminated operations, the blended SSS
analysis is from in situ and SMOS only from June 2015. Please

report to us any suspicious data issues!

The EI Nino condition continues in this month producing positive
precipitation anomaly over the eastern and central tropical Pacific
Ocean and negative anomaly in the western tropical Pacific
Ocean. The enhanced flux water flux maintains the fresh SSS
anomaly across most of the tropical Pacific. Positive precipitation
anomaly in the central South Indian Ocean likely causes the SSS
fresher in the region.
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ftp://ftp.cpc.ncep.noaa.gov/precip/BASS

Global Sea Surface Salinity (SSS)
Tendency for Mar. 2016 RN
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less enhanced precipitation, which likely
indicates the weakening of the EIl Nino.
SSS becomes fresher in the central South
Indian Ocean (20°S to 40°S), which is
likely caused by positive precipitation
anomalies in this region. Negative SSS
was also observed in the equatorial
Atlantic Ocean being accompanied with
enhanced precipitation.
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Global Sea Surface Salinity (SSS)

Anomaly Evolution over Equatorial Pacific

Sea Surface Salinity

. Hovemoller diagram for equatorial SSS
anomaly (10°S-10°N);

20m

. Negative SSS anomaly continues over
the central and eastern Pacific, with
the center of the maximum SSS
anomaly moving slightly westward.
The longitude position of the maximum 2013
fresh SSS anomaly moved to 170°W
in this month. At the meantime, a
stretch of positive SSS anomaly 2014
remains over the western Pacific and
eastern Indian Ocean from 130°E —
1600E, 7015
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CFS Nino3.4 SST Predictions from Different Initial Months

NINO3.4 SST anomalies (K)
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Fig. M1. 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 1981-2010 base

period means.




NCEP CFS DMI SST Predictions from Different Initial Months
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Fig. M2. CFS Dipole Model Index (DMI) 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). The hindcast climatology for 1981-
2006 was removed, and replaced by corresponding observation climatology for the same period. Anomalies were

computed with respect to the 1981-2010 base period means.
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Fig. M4. 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 1981-2010 base period means.
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Fig. NA1l. Sea surface temperature (SST) anomalies (top-left), anomaly tendency (top-right), Outgoing Long-wave
Radiation (OLR) anomalies (middle-left), sea surface pressure anomalies (middle-right), sum of net surface short-
and long-wave radiation anomalies (bottom-left), sum of latent and sensible heat flux anomalies (bottom-right).
SST are derived from the NCEP OI SST analysis, OLR from the NOAA 18 AVHRR IR window channel measurements
by NESDIS, sea surface pressure and surface radiation and heat fluxes from the NCEP CDAS. Anomalies are

departures from the 1981-2010 base period means.




Data Sources and References

e Optimal Interpolation SST (OI SST) version 2
(Reynolds et al. 2002)

e NCEP CDAS winds, surface radiation and heat fluxes
e NESDIS Outgoing Long-wave Radiation

e NDBC TAO data (http://tao.ndbc.noaa.gov)
e PMEL TAO equatorial temperature analysis

e NCEP’s Global Ocean Data Assimilation System
temperature, heat content, currents (Behringer and
Xue 2004)

e Aviso Altimetry Sea Surface Height

e Ocean Surface Current Analyses — Realtime
(OSCAR)

Please send your comments and suggestions to Yan.Xue@noaa.gov. Thanks!



