Teleconnections associated with the
3 recent strongest ENSO events:

impacts on European winter

Laura Ferranti, Linus Magnusson, Franco Molteni

Laura.Ferranti@ecmwf.int

_c EC MWF © ECMWF November 17, 2016



The winter 2016 has been anomalously warm in many regions of the
world, including Europe.

These anomalies were largely well captured by the seasonal forecasts
initialized since August.
El Nino as a window of opportunity for predictive skill

There have already been a few attribution studies on the anomalous
European weather. The question of the role of ENSO in a changing
climate is open.

Here we attempt to gain insight into this question by characterizing the 3
largest EIl Nino events during the Era-Interim record and in S4
reforecasts: 1982/3, 1997/8 and 2015/6

The focus is on the European response to a large El Nino.

We use DJ composites.
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Toniazzo and Scaife 2006 showed that the ENSO response over the Atlantic sector is not linear.

From NOAA/CPC
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Dec-Jan 1982/83 anaIySiS GPCP Precip anomalies

200hPa Velocity Potential anomalies
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Dec-Jan 1997/98 analysis

Precipitation anomalies
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Dec-Jan 2015/16 analysis

200hPa Velocity Potential anomalies

T2m anomalies
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The 3 recent strong ENSO events

Dec-Jan 1982/83

There is diversity in
response over Europe.
Large differences are seen
between the 3 events in the
Walker circulation over
Africa and Indian Ocean
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Teleconnections and heat sources over the tropical Indian
and Pacific oceans using ECMWF re-analysis (erainterim)

30 years From Molteni et al 2015

(a) cov (wcio, gh500) (c) cov (nino4w, gh500)

-

I I
-.)0—25-2%5-110 -Ia :Ts 1[o 115 zlo zs:so’ —30-25-20-15-10 -15 g 1015 20 25 %0
(a) cov (wcio, prec) (c) cov (nino4w, prec)
W‘ 2.4 2.4
i%y = e - 1.6 60N +* 1.6
x o 12 1.2
\Q‘\ 0.8 S0l 0.8
. > o 0.4 0.4
¢ 0.2 0.2
’0«"33#\ ‘ x - -0.2 - -0.2
~$ -0.4 " -0.4
i -0.8 -0.8
1 . P -1.2 -1.2
60S 1 - =18 605 -1.6
m W . =
60E 120E 180 120W 60W 0 60E e 60E 120E 180 120w 60W 0 60E s
Convection over Indian Ocean=> +ve NAO Convection Central Pacific=> PNA-like

<~ ECMWF
A & 4 EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



Dynamical influence of separate teleconnections from the Pacific and Indian

Oceans

The extra-tropical teleconnections

associated with an active Pacific and

Indian Ocean might be explained in
terms of linear wave interference.
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FIG. 9. (top) The contribution to the 100-hPa eddy meridional heat flux response
(A{(v*T*)}), averaged between 40°-80°N, from the different terms in the decomposition de-
scribed in section 2d. Red (blue) bars show the values for NUDpa c (NUDyp). Unlike the data
in all other figures, the values in this figure have not been normalized by the amplitude of the
tropical SST anomalies (see section 2d).
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From Fletcher and Cassou 2015

(a) Pala: Z*250hPa

(c) Pnla: Z*250hPa
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Zonal mean zonal wind anomalies DJ :

1982/83 1997/98 2015/16
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E-P flux differences DJ 1998 — DJ(1983+2016)/2
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Eddy meridional heat flux at 100hPa:
DJ 1998 — DJ (1983 and 2016 average)
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Monday 01 December 1997 00 UTC ecm? b0 VT Morday 01 December 1957 00 UTC 100hPa U componeni of wind/V compenen! of wind

ae

CE

diff. 1998-(1983+2016)/2

an

£ g, 8 £
Ny AL | N EE R FYEIRE h
NHENHHEERBEZHIRB N
S e S
~ NN K . L V3 R RN
1 7 - K
NS TR HV_NJ&“”N,\
w Lt w\LK.~ A
S | | N . . - . . <-4,
kLl A AN 4 YRRV E 12 1
sy R AW H f\\.w R
] H//,,,,HX,LN___“\HHHHH
1
NN ] . | HNod- )
AN - o8 RO P ) it il B B *,
A iy . R R
“\\\,,”‘\/V _“\w\‘.../m
Rl | R N N
“_,»,\”,\.NJ_\< M\.““. NN
hf_fwxn.. RN b A .../m
{ \\M.M;_ T
”un&@on,._ 3]
: Y
~ - E
nulmw.. AN e o N N
NN TN .
Ny AT P o EE PR
i
%4

R R ] i 2o

\
]
!
u
Lo o . -4 L -
' 3 . ’ -
. \ .,//vt i1 »
J.K v | v T A
) NERNE \ NN
h o NS SN AN
h« \ . ’ v \Ir “F~hN>~ =z
”‘,W" IRBEE AR N N A
A PRI % R IRIE o NG N RN Y
_\.\qA NENIZE \.,., SR
%@nﬁ NSRRI R, W«\/;H
\ m)) .-V/..am., ,\—\.w\&f\ & :
i sV P
] S s YR
R HHN ARARIAE
S NI HE :
: 4
A AAHBr U A S A HAE
R ..nN,« [ I N A o o
4 Adelarpifcqy ot
T 7 5
AR UP SR RN AR -
v 1- - . \
NN N RO I 9 At .
qﬂﬂ.\ N N oL IECERR
L L MNSRIE TR - L m
RN Y] VAN SR b v N
NI e AR RSEEER R ER IR NN
" . . r .
k

Morday 01 December 1957 00 UTC ecmf w0 VT Morday O1 December 1957 00 UTC 100hPa Temperakre

e

ce

EEE & &

EREEEEES

by

e

- o

are

wE

CE

W

HEE

FREEE

oW

ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

-



Cov of precip and gh_100 with precip in (30-60E, 10N-10S) -
(70-100E, 10N-10S)

cov (eaci, prec)
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Sys4 performance from Nov forecasts : precip. anomalies

Sys 4 ens. mean GPCP
DJ 1982/3
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Sys4 performance from Nov forecasts :
Vel. Pot. Anomalies at 200hPa

Sys 4 ens. mean Analysis
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Extra-tropical response analysis and model for December-January:

1982/83 1997/98 2015/16
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Extra-tropical model teleconnections based on 30 years of
reforecast:
From Molteni et al. 2015

Era-interim System4

(a) cov (wcio, gh500) (d) cov (wcio, gh500)
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Extra-tropical model teleconnections based on 30 years of

reforecast:

From Molteni et al. 2015

System4
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The inter-ensemble precipitation differences between
members with low NAO - high NAO response
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Teleconnection on the sub-seasonal time scale:

Monthly means anomalies:
2m temp. over Northern Europe

2m temp. anomalies (K) latitude= 65.0 to 50.0 longitude= -10.0to 30.0
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200—hPa Velocity Potential Anomaly
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Precipitation composites anomalies:
taking the members with the strongest change in NAO
between December to January
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Summary:

 The ENSO 1982/83 and 2015/16 events show similar characteristics in the
tropical and extra-tropical anomalies. In both years during DJ strong westerlies
(NAO+) were observed.

 The ENSO 1997/98 event is characterized by a large upper level divergence
over the tropical Western Indian ocean and Africa. These anomalies might play
a role in the warming of the polar vortex and in turn in the weakening of the
westerlies in the troposphere.

» The current seasonal forecast system underestimate the link between Indian
ocean precip. and the NAO and shows an incorrect sign in the weak NAO signal
associated with the Central Pacific precip.

* Results indicate that the model is not responsive to the heat source anomalies
over the Western Indian Ocean but it is sensitive to the ones over Eastern
Indian Ocean and Pacific.
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