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El Nino Southern Oscillation (ENSO)
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Earth System Models continue to show some
persistent biases in their representation of ENSO
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CESM2 had a number of ENSO biases as well;
A new parameterization was added to mitigate some




A convective gustiness parameterization aims to
reduce ENSO biases

Gust fronts from deep
convection enhance
turbulence & surface fluxes

ENHANCEMENT OF SUFRFACE FLUXES FOR DISTUREED FBL

Fig. 1 of Redelsperger
et al. (2000)




A convective gustiness parameterization aims to
reduce ENSO biases
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Figure 10 of Redelsperger et al. (2000): Observations (open square),
and a series of CRM simulations from current study (*,+, ), and
Jabouille et al. (solid squares).




A convective gustiness parameterization aims to
reduce ENSO biases
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Initial tests of convective gustiness parameterization in development
CESM; 1996-2014 AMIP simulations




But more broadly...
How has the representation of ENSO evolved?




Leveraging a variety of development simulations

Fully coupled model simulations (atm+land+ocean) with pre-industrial climate
Minimum of 40 years used for analysis

Validated against HadiSST and ERA5
Context added from CESM1 and CESM2 pre-industrial ensembles (40 year periods)

Some key new developments:
New hybrid vertical ocean coordinates
New radiation scheme

New “convective gustiness” parameterization (based on Redelsperger et al. 2000 and
Jabouille et al. 1996)




How has the representation of ENSO evolved during
\ development of CESM3?

Are there characteristics of ENSO that have improved?




Strength of ENSO events
Monthly SST anomaly variances
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Strength of ENSO events

Monthly SST anomaly variances

SST anomaly variances (Nifio 3.4)
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Strength of ENSO events
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Strength of ENSO events

Monthly SST anomaly variances
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Strength of ENSO events

Monthly SST anomaly variances

SST anomaly variances (Nifio 3.4)
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Strength of ENSO events

Monthly SST anomaly variances

SST anomaly variances (Nifio 3.4)
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Strength of ENSO events

Monthly SST anomaly variances

SST anomaly variances (Nifio 3.4)

Y
_ 2.571 vy
N
X v Y
~ 4
(0]
o - Y
c 2.0 v
&
@
> 15 [ ]
0] sl ® Y
é [ ’ L ¢ * v
© * o
@ e
g 109 A A \ ‘
g a 4 "\.'»
At

0.5

B 3
. 4
4 r—e—
R r—o—
4 o
r—o—«
ks 3

D o 0 A S DN B OO DO P OD DD DI PR DO OGN O OA
FIFIFIEIEEHTPINPFITFNFGFTTOS FLO PP & &SP
&) &/ C C X

NN
Maximum (©), Minimum (v), and mean (o) of monthly SSTa variances




How has the representation of ENSO evolved during
\ development of CESM3?

Are there characteristics of ENSO that have improved?

o Strength: SST anomaly variances in the Nino 3.4 region are generally
improved, though perhaps too small at times

» Variability across model changes is comparable to internal
variability in CESM1/2 pre-industrial ensembles




How has the representation of ENSO evolved during
\ development of CESM3?

nerally

Are there characteristics that have not improved? /




Spatial Extent of ENSO events

Correlation of SST anomalies with Nin3.4 index
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Lag 0 SST-Nino3.4 Correlation

-0.3 0.0 0.3 0.6 0.9

Observed correlation of SST anomalies with the Nino3.4 index
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Westernmost longitude of
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How has the representation of ENSO evolved during
\ development of CESM3?

yenerally

Are there characteristics that have not improved? /
o Spatial extent: Across all versions of CESM, ENSO

anomalies extend too far west

* The core area of strong correlations is more sensitive to model
changes than the full extent of positive SST correlation




How has the representation of ENSO evolved during
\ development of CESM3?

!ly

/

What are some factors driving these characteristics?




Possible connections with East Pacific Cold Tongue
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Possible connections with East Pacific Cold Tongue

Westernmost point of 0.5 contour in

SST anomaly correlations

165 1
160
155 1
150 1
145
140 1

1351

Westernmost point of 299 K contour in SST

HadiSST
$118
116
76
D44
9
Ly
8104 gl09 éi
82b &9 artl
¢ 4b 046
38 99
¢ ¢ 047
$75¢
ol21 54
61
73b 42
ol12 #55
180 190 200 210 220

300.0

299.5

299.0

298.5

298.0

4 SST

Mean Nino3




Possible connections with East Pacific Cold Tongue

HadiSST
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How has the representation of ENSO evolved during
\ development of CESM3?

Are there characteristics of ENSO that have improved?
Are there characteristics that have not improved?

o Yes and Yes: An improvement in one piece of ENSO does not

necessarily mean an improvement in other characteristics.




How has the representation of ENSO evolved during
\ development of CESM3?

Are there characteristics of ENSO that have improved?
Are there characteristics that have not improved?

©)

o Even for a characteristic that does show improvement — high internal
variability complicates attributing those changes to one specific
model change




How has the representation of ENSO evolved during
\ development of CESM3?

Are there characteristics of ENSO that have improved?
Are there characteristics that have not improved?
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o We’ve seen that mean SSTs are too cold in some recent CESM3
versions, and there’s a link between that and the extent of ENSO
anomalies, but attributing changes remains a challenge




How has the representation of ENSO evolved during
\ development of CESM3?

Are there characteristics of ENSO that have improved?
Are there characteristics that have not improved?
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o We’ve seen that mean SSTs are too cold in some recent CESM3
versions, and there’s a link between that and the extent of ENSO
anomalies, but attributing changes remains a challenge

Thank you! mdfowler@ucar.edu
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How long do ENSO events persist?

Lagged auto-correlation of Nino 3.4 index
HadiSST (1965-2002)
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How long do ENSO events persist?

Month of transition in Autocorrelation for Nino3.4
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Compositing masks some good events too
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Autocorrelation

How long do ENSO events persist?

** Depending on the period selected...

One simulation (112), extended 50 vs. 90 years:

Lagged auto-correlation of Nino 3.4 index
HadiSST (1965-2002)
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