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NEMO3.2!model!using!ORCA2!:!2°!resolu4on!(0.5°!at!equator)!
!
!
This!model!reproduces!ENSO!variability!with!two!spectral!
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seasonal phase locking and spatial patterns (section 3a).
The recharge mechanism (i.e., lead–lag relation be-
tween WWV and ENSO) and biennial tendency of
ENSO are then assessed in section 3b. Finally, the syn-
chronous relation of the IOD and ENSO, as well as its
phase asymmetry, is evaluated in section 3c.

a. Seasonal phase locking and spatial patterns

The monthly standard deviation of Niño-3.4 and DMI
are displayed in Fig. 2 for the 23 CMIP5 models and
observations. As noted in previous studies (Taschetto
et al. 2014; Bellenger et al. 2014), the intermodel spread
in Niño-3.4 peak amplitude (in NDJ) is very large, the
latter being underestimated by 20%–50% in 13 models
and overestimated by 10%–50% in 9 models (Fig. 2a).
To emphasize ENSO seasonality rather than its ampli-
tude, Fig. 2c shows the normalized amplitude of the
Niño-3.4 seasonal cycle. In most models the Niño-3.4
variance correctly peaks in austral summer or early spring,

except for the IPSL-CM5A-LR and IPSL-CM5A-MR
(Fig. 2c). The duration of the peak however lasts too long
in a number of models, extending into February–March
(INM-CM4.0, MRI-CGCM3, and the two MPI models)
or into September–October (NorESM1-M, GISS-E2-H,
and CNRM-CM5), as already noted by Jourdain et al.
(2013) and Taschetto et al. (2014). Consequently, the 23-
model-mean underestimates Niño-3.4 amplitude in NDJ
and overestimates it in April–June (AMJ).
Consistent with Cai and Cowan (2013), we find that 21

out of 23 CMIP5 models overestimate the DMI peak
amplitude (in SON, Fig. 2b), the two exceptions being
GISS-E2-H and MRI-CGCM3. The majority of models
nonetheless peak in SON. In the following, we retain
only 21 CMIP5 models, excluding IPSL-CM5A-LR and
IPSL-CM5A-MR from our analysis because, as noted
above, they have a highly unrealistic ENSO seasonality
(Fig. 2c), and secondaryDMI peaks in austral spring and
winter (Fig. 2d).

FIG. 2. Standard deviation of (a) Niño-3.4 and (b) DMI for 23 CMIP5 models (color lines), the CMIP5 multi-
model mean (solid black), and the observational multidataset mean (dashed black), in kelvin. (c),(d) As in (a),(b),
but the curve is normalized (anomaly with respect to the mean, divided by the standard deviation).
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Figure 20. Same as Figure 18 but for the double ITCZ index (DI Pacific, in mmday�1),

Pacific precipitation (in mmday�1), and the Amazonian precipitation (in mmday�1). The DI

Pacific index is the annually averaged precipitation over the Southeastern Pacific Ocean in the

[150�W–100�W, 20�S–0�S] region (this diagnostics is performed on the native grid). The Pacific

precipitation is annually averaged over the [150�E–100�W, 40�S–40�N] region. The Amazonian

precipitation is annually averaged over the [65�W,50�W,15�S,0�S] region. The map shows the

multi-model averaged CMIP6 precipitation bias, which guided the choice of the regions to com-

pute the indices.
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Figure 23. Seasonally-stratified standard deviation of the average Niño3.4 SST anomalies

for observations (black), the 6 IPSL-CM5A-LR (dark blue), 3 IPSL-CM5A-MR (light blue) and

32 IPSL-CM6A-LR (red) members. The green shading indicates the range of values from the

CMIP5 multi-model database (green curve = median, dark green = 25th to 75th percentiles, light

green = 5th to 95th percentile). Observations are from GPCPv2.3 (Adler et al., 2018) for rainfall

and TropFlux (Praveen Kumar et al., 2012) for SST over the period 1980–2018.
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Figure 23. Seasonally-stratified standard deviation of the average Niño3.4 SST anomalies

for observations (black), the 6 IPSL-CM5A-LR (dark blue), 3 IPSL-CM5A-MR (light blue) and

32 IPSL-CM6A-LR (red) members. The green shading indicates the range of values from the

CMIP5 multi-model database (green curve = median, dark green = 25th to 75th percentiles, light

green = 5th to 95th percentile). Observations are from GPCPv2.3 (Adler et al., 2018) for rainfall

and TropFlux (Praveen Kumar et al., 2012) for SST over the period 1980–2018.
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•  Les archives naturelles couvrant les siècles passés révèlent une variabilité naturelle 
importante du climat tropical. 

•  Les biais des modèles (moyenne et variabilité) limitent notre compréhension des 
mécanismes associés (variabilité interne vs. forçages externes). 

•  Des progrès significatifs dans la réduction des biais des modèles classiques (cold 
tongue/double ITCZ, etc.) dans la version CM6A-LR... mais certains biais persistent. 

•  Besoin d’une version du modèle IPSLCM6A compatible avec les longues échelles 
de temps paléo climatiques (plusieurs millénaires) avec une bonne représentation 
de la variabilité du climat tropical (biais moyens, var intra saisonnières à 
décennales). 


