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• Review of those earlier papers, provided an original concept and theory 
for the extratropical teleconnection associated with ENSO.

• Question on the PNA; internal vs forced modes

• Issues on climate model simulations of the teleconnection 



Review of earlier papers

• Bjerknes (1966, 1969)  “ENSO” and “Teleconnection”

• Hoskins and Karloy (1981) “Rossby Wave ray theory”

• Simmons et al. (1983) “Regional barotropic instability”

• Held et al. (1989) “Transient forcing”

• Stratospheric path way





Bjerknes (1966, 1969)  “ENSO mechanism” and “Teleconnection”

- Bjerknes wind-thermocline-SST positive feedback for El-Nino formation

- Stronger Jetstream resulted from intensified Hadley circulation can transport 
more zonal angular momentum to the extratropics, resulting in the stronger 
westerlies in the NH extratropical Pacific and intensifying the Aleutian low. 

- South Indian Ocean teleconnection and Walker circulation changes, associated 
with the Southern Oscillation (SO).

- El-Nino/Southern Oscillation (ENSO)





Kang, JAS 1990
Influence of Zonal mean flow Change 
On Stationary wave fluctuations
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Climatology of Transient eddy activity     
c

'2y
Using 2-8 day filtered streamfunction (ψ’) [m2s-1]

Kang et al. (2011, CD)
Impact of transient eddies on 
extratropical seasonal-mean predictability
in DEMETER models



ENSO anomalies of SF200

El Nino period (82/83, 91/92, and 97/98) - La Nina period (88/89, 98/99, and 99/00)



during ENSO; however, a part of the extratropical circu-
lation anomalies are excited directly by tropical forcing
through the teleconnection mechanism (Horel and Wallace
1981; Hoskins and Karoly 1981) and transient anomalies
associated with the jet stream changes also play an
important role in the PNA circulation anomalies (Held et
al. 1989; Jin et al. 2006a). The intensity of transient
forcing to the seasonal-mean circulation can be roughly
estimated by the parameter c in Eq. (2) as below.

awhere /reg ðx; yÞ is geopotential height pattern regressed
with PNA index over the domain of 150°E–60°W and

30°N–70°N. The parameter c denotes the strength of
transient forcing, which is estimated with the model data.
Figure 9 shows the distribution of c (y-axes) for different
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(d) (e) (f)

Fig. 6 ENSO anomalies of the 200-hPa geopotential height, a the
observations, b the composite of strong transient models, and c of the
weak transient models. d, e, f are as a, b, c except for transient eddy

forcing. ENSO anomaly is defined by the El Nino composite minus
the La Nina composite. The contour intervals are 30 m for 200-hPa
geopotential height and 5 9 10 - 5 m s - 1 for transient eddyforcing

Fig. 7 Magnitude of 200-hPa geopotential height anomalies associ-
atd with ENSO averaged over 25°N–60°N, 150°E–120°W. Red (Blue)
bar represents strong(weak) transient models

(a)

(b)

(c)

Fig. 8 As in Fig. 6 except for precipitation anomaly. The contour  
interval is 4 mm day-1 and the shading denotes values greater than
- 6  mm day-1  and less than 6 mm day-1

I.-S. Kang et al. Impact of transient eddies on extratropical seasonal-mean prediction



Abid, Kang, Mansour, Kucharski (2015, CD)



Stratosphere Memory influencing 
tropospheric anomalies

Stratospheric Influence on
Predictability Enhancement in Late Winter



Prediction skill change with lead time
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Monthly-mean correlation skill of PNA index for 1-3 lead months 
(starting from November)

(Feb)

CFS and the seven models in the DEMETER project Johansson 
(2007)

PNA index 



Monthly-mean correlation skills for 1, 3, and 5 lead months 

(starting from 1 November)
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The mean square error (MSE) of the forecasts with negatively large 30-hPa NAM
anomalies at the initial time is significantly smaller than that of the forecasts with
positively large NAM anomalies for the lead time from 5 to 13 days.

Mukougawa et al. (2009)

Stratospheric downward influence on prediction skill
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Fig.	2.	Regional	averages	of	correlation	skills	for	geopotential heights	from	1000	hPa to	30	hPa with	lead	times	from	0	to	6	months.	
0	and	6	months	correspond	to	November	and	May,	respectively.	a)	is	for	the	average	over	the	tropics	between	20N	and	20S,	and	b)	
for	the	Pacific-North	American	region	of	20N-70N	and	150E-60W.	
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Extratropical circulation modes     
ENSO forced mode vs Internal mode

- Lau (1981) Climatological SST run for 15 yrs.
ExaminaCon of Interannual variability (rms) of extratropical GH, 
similar magnitudes as observed.

• Kang and Lau (1986) observed SST run (AMIP)
1st EOF mode: ENSO mode, 2nd EOF mode: internal mode

• Straus and Shukla (2002) Does ENSO force the PNA?
ENSO mode could be different from the PNA mode

• External ENSO mode vs Internal mode?





EOF Patterns of Z200 in PNA region [1981-2014 DJF]

ERA-interim

AMIP

CLIM

AMIP
(exclude ENSO years)



Correlation Coefficients with PNA PCs (Rainfall)

AMIP-PC1

AMIP-PC2

AMIP-PC3

CLIM-PC1

CLIM-PC2

CLIM-PC3

Although no ENSO 
impact, the convection 
signal from central 
Pacific still exist. But the 
correlation over North 
America is much weaker.



Correlation between PNA-PCs and Transient eddy forcing



Internal and ENSO-forced PNA modes (ICTP Speedy model)

ENSO-forced pattern (Nino 3.4) Internal mode (EOF of Clim simulation)



ENSO vs Internal modes     

Model dependent ??

Resolution dependent?



125km resolution

n 3 hourly precipitation

25km resolution

300km resolution

Transients
Ø Dependency of model resolution



300km SNUGCM

n 1997 JJA (El Nino) – 1999 JJA (La Nina)

CMAP

25km SNUGCM

Very High resolution GCM simulation – 25km resolution 



Very High resolution GCM simulation – 25km resolution 

n The 200 hPa streamfunction : 1997 El Nino case – 1999 La Nina case (Difference)

Perturbation from the zonal mean & seasonal mean

25km SNUGCM 300km SNUGCM

NCEP



High Frequency eddy activity

n 1997 El Nino case

The standard deviation of 2~8 day filtered 200hPa zonal wind

25km SNUGCM

NCEP
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Using quaisi-geostropic approximation,

Transient eddy forcing
ü 6-ensemble mean

Transient eddy forcing 

n1997 El Nino case (JJA mean) – 200 hPa filtered zonal/meridional wind 

NCEP

125km SNUGCM



Summary

• Reviewed the earlier papers, provided an original concept and theory 
for the extratropical teleconnection associated with ENSO.

• Still question on the internal vs forced modes 

• Resolution dependency on the teleconnection simulation 



Covariance map of normalized monthly-mean 100hPa GPH anomaly

(Starting from 1 Nov.)

1LM (DEC) 3LM (FEB) 5LM (APR)

El-Nino (10)

Total (32)

Normal (12)



Kidston et al. (2015)

A Possible Mechanism of Stratospheric downward influence

Changes in the speed of the stratospheric jet

Return flow within the planetary boundary layer for the anomalous circulation

Increase of the tropopause height & Decrease of mean SLP in polar latitudes
and vice versa in mid-latitudes

Tropospheric eddy feedbacks

(1)   Wave-driving 

Poleward shift of the tropospheric jet

(2)

(3)

(4)

(5)


