" Prediction Skill of North Pacific Variability in NCEP
Climate Forecast System Version2:
Impact of ENSO and Beyond

Arun Kumar', Bohua Huang”, Jieshun Zhu’, and Yuanhong Guan*

(1) Climate Prediction Center, NCEP/NWS/NOAA, MD 20740, USA
(2) Department of Atmospheric, Oceanic, and Earth Sciences
George Mason University, USA
(3) Center for Ocean-Land-Atmosphere Studies, George Mason University, USA

(4) School of Mathematics and Statistics & Center for Data Assimilation Research and
Application, Nanjing University of Information Science and Technology, Nanjing, China

GEORGE —_—
MASSR o

UNI\IERSITY

39" CDPW. Oct 20-23, 2014, St. Louis, Missouri, USA




4 N

: (o) Mino3. 4 Cline) and NPV (shading) indices of 3—mon Qlv2 55TA (Feb 1982 -Nov2010) Evidence I:

oy 4, | NPVand

/1| ENSO are

_ | i statistically
[ 4} { connected:

1985 1590 1995 2000 2005 2010 N | n 03 . 4 I e a d S

(b1 Lead and Lag Correlations of 3—moen Ok2 S5TA (Feb1%82—Now2010)

T | NPV by 3-4
NRNNE S ||IIIIII|||||||
b 1 I  suggesting
| mainly affects

| NPV

-8 16 o0 24
N|n<}3 4 Leud$ MY Nmuﬁ 4 Lc:gs MNP

ot

o.

(=1

=

1
=
r-a

/




e

Evidence ll: In addition to the highest prediction skills of SSTA in the tropical e&c \
Pacific associated with ENSO, some prediction skills are seen in N. Pacific

S5TA Correlations between 3—Maon DISST and CFSv2 Predictions (Jan12B2—Dec2010)
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Two Evidences:

I: NPV and ENSO are statistically connected;

2: In addition to the highest prediction skills of SSTA in
the tropical eastern and central Pacific associated with
ENSO, some prediction skills are seen in N. Pacific.

Questions:

» Does the different combination of NPV and ENSO phase in /C
affect the skill of NPV prediction?

» In other words, can the different combination of NPV and
ENSO phase in /C provide some anticipation/prejudgment for
the reliability of the prediction in N. Pacific?

» |s there any prediction skill of NPV beyond the influence of

ENSO?
o




e

(-,

Data: (Jan 1982-Dec 2010)

» CFSv2 Hindcasts:
3-mon mean data:

2-climatologies are used to calculate anomaly
Each Month: 6 Days *4=24 Hindcasts

> Observations and reanalysis data
Olv2 3-mon mean SST
CFSR monthly mean data




1st EQF of monthly ERSST vib

Indices:
NPV: SSTA (30-50N, 150E-150W); Nino3.4: SSTA (5S-5N, 120-170W)
In-phasq: Ninio3.4 and NPV have opposite sign |
Out-of-pyase: Nino3.4 and NPV have same sign 0
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3-mon NPV prediction skill: dependence on /C phase relation
between NINO3.4 and NPV

3—Mon Mean HinoZ.4 and HPY (30M—-50H,150E—150wW) (1982-2010)
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3-mon NPV prediction skill: dependence on /C phase relation between
NINO3.4 and NPV: in-phase has higher skill than out-of-phase for all leads.

CFEvE2 Prediction Skill of I—Month Mean HPY in 1982—-2010 {24 Member Mean)
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Dependence of NPV prediction skill on phase

relation between NPV and ENSO in /C

In-Phase Out-of-phase Difference
<in-phase>-<out-
of-phase>
0 0.80 0.70 0.10
1 0.71 0.50 0.21
2 0.65 0.39 0.26
," —————— ~q
3 0.62 0.35 . 0.27 ’)
4 0.59 0.36 0.23
5 0.55 0.35 0.20
6 0.54 0.31 0.24
0-6 month 0.63 0.42
average




(b1 Lead and Lag Correlations of 3—mon Ok2 35TA (Feb 1982 —Nov2010)
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Maximum correlation presents when Nino3.4 leads NPV by 3-4
months.
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NPV Prediction Skill Differences:

I: NPV prediction skKill is higher when NPV and ENSO in
/C are in-phase than when they are out-of-phase;

2: Maxima difference of the skill appears in 3-month
lead prediction.

Question:
Why is the inter-phase of NPV and ENSO in /Ca matter
for the prediction skill of NPV?
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I—Month SSTA of 24 Ensemble Mean (£, CFSvE, Jani982—Dec2010)
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Compared with the
out-of-phase, when
NPV and ENSO are

in-phase:

The spread among
individual ensemble
members is
generally smaller in
N. Pacific;

The ensemble mean
signal is larger due
to the physical
consistence;

As a result, signal-to-
noise ratio is larger,
and prediction skKill
is higher.
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NPV Prediction Skill Differences:

I: NPV prediction skKill is higher when NPV and ENSO in
/C are in-phase than when they are out-of-phase;

2: Due to the physical consistence, when NPV and ENSO
are in-phase, the signal (spread) is generally larger
(relatively smaller) in N. Pacific, as a result, signal-to-
noise ratio is larger and prediction skill is higher.

Question:
Is there any prediction skill of NPV beyond the influence
of ENSO?

(- y




4 N

In addition to that in-phase has higher skill than out-of-phase for all leads;

It seems that there are some prediction skills for positive NPV, but not
skill for negative or small positive NPV when NPV and ENSO are out-of-phase.
This may be the skill beyond ENSO influence.

EZ—ton Mean Mine3 4 and MPY [(30OM—S0M,1S2CE—150WY {CFSwZ, 1982—20100
{ad 1o NPV & MIMD3.4 In—FPhase [(B2%) (B] 12 HPY & Mina3.4 Out—0Of—Phase (38%)2
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SSTA &uv composite for out-phase of ENSO & NPV with NPV > 0.4C

(a) large SSTA in N. Pacific may overcome the influence from the tropical Pacific;
(b) However, they are extreme events with chance of 1-3%.

Camposite of CF3wZ2 Predicted 3—Meon SSTA and Swurface Wind Stress (Jani1 382 —Dec2l1 0}
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@ different physical processes.

Results h

> (a) The phase relationship between NPV and ENSO in IC provides confidence
estimation of NPV prediction: prediction skill or confidence is higher

(lower) when they are in-phase (out—of—phase).

> (b) This may imply that when NPV and ENSO in IC are in-phase, physical
consistence between the tropical and N. Pacific, which enhances the growth
of the signal and constrains the spread of each ensemble member, increases
the predictability in N. Pacific. Therefore, the different combination of NPV
and ENSO phase in IC can provide some anticipation/prejudgment for the
reliability of the prediction in N. Pacific.

> (c) Some cases having out-of-phase relationship between NPV and ENSO are
also predictable.This is only for strong positive SSTA in N. Pacific.There are
little predictive skill for negative SSTA and small positive SSTA when they
are out-of-phase. This asymmetry in the prediction skill may suggest that
large positive and negative SSTA in N. Pacific may be associated with




Biases in CFSv2 may affect the NPV prediction skill

Statistically, CFSv2 reproduces the Pacific connection with ENSO and NPV;

but there are some detailed differences, particularly in the subtropics.

That may misrepresent the connection between the tropical and N. Pacific in CFSv2.
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More Information

Comments or ask PDF files, send mail or e-mail fo

Dr. Zeng-Zhen Hu

Climate Prediction Center

NCEP/NWS/NOAA

NOAA Center for Weather and Climate Prediction (#3130)
5830 University Research Court

College Park, Maryland 20740

Tel: +1-301-683-3441; Fax: 1-301-683-1557
Zeng-Zhen.HU@NOAA.GOV
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