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The CMCC Global Model 
represents the various 
components of the Earth 
system. Its initial state is 
determined by a long 
integration to reach a 
condition of equilibrium. 
From this state, the model 
evolves driven by its physics 
and boundary conditions 
associated, in particular the 
radiative forcing 

The base of the SPS: the CMCC global model 

Radiative forcings 
GHGs & SO4 

Land Surface 
SILVA 

(Alessandri 2006, 2007) 

Atmosphere 
ECHAM5 (T63 ≈ 1.9˚x1.9˚) 

(Roeckner et al 1996, 2003)  

Ocean 
OPA 8.2 (ORCA2) 

(Madec et al, 1998) 

Sea Ice 
LIM (ORCA2) 

(Timmerman et al, 2005) 

Coupler  
OASIS3 

(Valcke et al, 2000) 

Coupling Daily        No flux adjustment 

Coupled Model component 



The CMCC Seasonal Prediction System is initialized with the “closest to reality” state of 

the ocean (SPSv1) ocean+atmosphere (SPSv1.5), ocean+atmosphere+land (SPSv2) 

which drive the model towards a state affected by the initialization itself other than 

boundary conditions and its internal physics. 

The CMCC Seasonal Prediction System 

Radiative forcings 
GHGs & SO4 

Land Surface 
SILVA 

(Alessandri 2006, 2007) 

Atmosphere 
ECHAM5 (T63 ≈ 1.9˚x1.9˚) 

(Roeckner et al 1996, 2003)  

Ocean 
OPA 8.2 (ORCA2) 

(Madec et al, 1998) 

Sea Ice 
LIM (ORCA2) 

(Timmerman et al, 2005) 

Coupler  
OASIS3 

(Valcke et al, 2000) 

T & S - OI assimilation SOFA 3.0 
(De Mey and Benkiran 2002) 

CIGODAS 

Bellucci, Masina, Di Pietro & 
Navarra, 2007. MWR 

Ocean initial condition 

Spectral & Time 
interpolation INTERA 

Kirchner, 2001. MPI 

Atmosphere and 
Land surface IC 

Coupling Daily        No flux adjustment 

Coupled Model component Off line Initialization Tools 

SPSv1 

SPSv2 

Atmosphere IC 

SPSv1.5 



Currently 

Start date every month 1st 

The experimental setup 
Retrospective forecasts (hindcasts) for validation 

OFF LINE interpolated  
Land-Atmosphere IC from  

Operational analysis   

OFF LINE assimilated 
OCEAN ANALYSIS 

Day lag every 12 hours 

-5        0     

Time 1° Feb start date 

Time 

INITIALIZED 
COUPLED 
RUNS 

-5        0     -5        0     -5        0     

1° May start date 1° Aug start date 1° Nov start date 

•  6-month-integration for the period 1989-2010 
•  4 start dates per year (Feb, May, Aug, Nov) 
•  9 ensemble members for each start date 



ACC is a measure of the skill of the system, indicating the correlation between forecast 
and ERAinterim reanalyses between 1989-2010. Values close to 1 => high predictability. 
•    Predictability is higher in the Tropics and in the oceans than on continents. 

Validation of the CMCC-SPSv2 

Lead time 1 refers to the 
season starting one month 
after the start date (e.g. 
Feb lead 1 = MAM) 

Tsurf Anomaly Correlation (ACC) lead time 1 

• High skill in the ENSO area and teleconnected regions. 
 • Good skill in the northern Atlantic region, particularly in the winter and spring 
 



1° step: initialization of CMCC-SPS with assimilation of 

ocean temperature and salinity (SPSv1) 

Experiment 
Initialization 

SPSv1 

Ocean CIGODAS 

Atmosphere NO 

Land surface NO 



The importance of an accurate ocean 

ACC for the start date of May and November 
(SPSv1) which assimilates observed profiles 
of temperature and salinity through the 
water column of the global configuration of 
the OPA8.2 ocean model. Comparison with 
an AMIP-like initialization, performed by 
prescribing observed SST (HadISST1.1; 
Rayner et al. 2003) boundary forcing to the 
atmospheric model. 
 

From Alessandri et al., 2010 

CMCC-SPSv1 TCs tracks starting point 1992-2001 

Although CMCC-SPSv1 
underestimates the 
number of Tropical 
Cyclones, their location 
is well detected. 

From Alessandri et al., 2011 

CMCC-SPSv1 

No assim. 



Experiment 
Initialization 

SPS1 SPS2 

Ocean CIGODAS CIGODAS 

Atmosphere NO ERA Interim 

Land surface NO ERA Interim 

2°step: Initialization of the atmospheric and the land 

surface component (SPSv2) 



The introduction of land-atmosphere initial state 

May 

November 

SPSv2 - SPSv1 (surface temperature) 

On land, remarkable improvement of the forecast skill at lead-season 0, then most of it is lost. 
Through a realistic initialization of the AGCM component with reanalysis, a better constrained coupled 
equilibrium state between the ocean and the overlying atmosphere is reached. This may improve the 
transient response to initialization, mitigating the coupling shock which arises as a consequence of the 
full-value initialization strategy, enhancing the skill in the early phase of the forecast. 
Progresses in the forecast quality are not restricted to LS 0 in many ocean regions: 

• NOV forecast: northern Pacific, southeastern tropical Pacific, southern Ocean, Eastern Atlantic 
• MAY forecast: Eastern Equatorial Pacific, Western coast of North America. 
• Deterioration of the forecast skill in smaller areas of Indian Ocean and central Pacific. 

lead season 0 lead season 3 lead season 2 lead season 1 

From Materia et al., 2013, in review QJRMS 



Global skill and accuracy 

Globally, SPS2 exhibits more skill and accuracy, although improvements due to the enhanced initial state decline 
after one or two months and stabilize by the end of the forecast. Skill amelioration is particularly pronounced for 
Nov start date, while the forecast starting in Aug does not benefit substantially from the observational initial 
condition.  
On land, the large improvement in SPS2 found at lead-month 0 is rapidly lost. It is interesting to note that, after a 
quick relative decline in the forecast performance, SPS2 increases predictability skill in the longer term (3-5 months 
after the forecast onset). 
In the ocean, differences between the two initializations are more consistent throughout the entire forecast time.  

ACC and RMSE differences between SPSv2 and SPSv1 

From Materia et al., 2013, in review QJRMS 



Experiment 
Initialization 

SPSv1 SPSv1.5 SPSv2 

Ocean CIGODAS CIGODAS CIGODAS 

Atmosphere NO ERA Interim ERA Interim 

Land surface NO NO ERA Interim 

3° step: Disentangling the relative contribution of atmosphere and 

land surface on the quality of the forecast (SPSv1.5) 

This intermediate experiment (SPSv1.5) maintains the atmosphere initial conditions, 
but excludes the prior knowledge of land-surface state. 

In this way, we try to separate the role of the initial state of the atmosphere in 
addressing seasonal prediction from the role of land-surface.  



Separating the contribution of  

atmosphere and land surface initial state 

Non-local effect of land surface initialization is only slightly significant: only continents are subject to significant change 
in the skill, while the effect is less substantial on oceans.  

Forecast skill differences show little displacement within successive lead-seasons. This suggests that memory conveyed 
by land surface characteristics may influence the climate system for several months (see e.g. Guo et al., 2011). Mainland 
patterns seen in the previous pic are found here, indicating that most of predictability is determined by land surface IC. 

E.g. November, surface temperatures of semi-arid regions in Central Asia and Africa benefit of the initialized surface 
features for the entire prediction time, as well eastern Canada. The improvement found over eastern Canada and north-
eastern Asia in the November forecast (Fig. 10 e-h) may be a consequence of the initialization of snow depth, which was 
found to be a predictor for winter season at high latitudes (e.g., Cohen and Jones, 2011).  

From Materia et al., 2013, in review QJRMS 



Separating the contribution of  

atmosphere and land surface initial state 

On the other hand, in eastern China, part of the Euro-Mediterranean region, as well as semi-arid regions in northern 
Africa, surface temperature is often more accurately predicted by SPS1.5. In the Southern hemisphere, particularly in 
Australia, the response to the different land initial state is conflicting depending on the start dates. 

These results suggest that ERAI land surface condition is not necessarily closer to reality than the initial state estimate 
provided by the land surface component of the coupled model. In fact, variables such as soil moisture and snow cover are, 
in both cases, resulting from the response of a land surface scheme forced by model-generated precipitation. Albergel et 
al. (2012) evaluated ERAI soil moisture versus 117 in situ stations across the world and concluded that, on average, the 
correlation between the two time series is r = 0.63. However, results are conditional on the biome and the climate, with a 
large spatial variability across different regions.  



NINO34 Index 

The introduction of the 
atmosphere initial condition 
demonstrates an important and 
potentially predictable impact 
on the forecasts of equatorial 
Pacific SST. In particular, May 
forecast shows the so-called 
spring barrier effect (e.g. Chen 
et al., 2004), but improved 
atmosphere IC significantly 
enhances forecast skill. 

May November 

SPSv1.5 

SPSv1 

Higher ACC 

Lower ensemble 
spread 

Lower 
ensemble 
spread 

Higher ACC in 
the longer lead 
times 

SST ACC 

Persistence 

Experiment 
Initialization 

SPSv1 SPSv1.5 SPSv2 

February 0.90 0.92 0.92 

May 0.62 0.70 0.70 

August 0.92 0.94 0.94 

November 0.97 0.97 0.98 



Lead season 0 Lead season 1 Lead season 2 

Lead season 3 

MAY NOVEMBER 

From Materia et al., 2013, in review QJRMS 

On the oceans, the skill of SST predictions is only minimally influenced by land surface initialization. Instead, the 
influence of the atmosphere is evident in regions of active air-sea coupling, such as the tropical south Pacific. In the 
northern Pacific, the positive response to the atmosphere only initialization (NOV forecast), can be as well attributed to 
the strong air-sea coupling taking place in this region. Frankignoul and Sennéchael (2007) suggest that SST anomalies 
forces a PNA pattern response in the autumn. The atmospheric reaction could in turn change the SST pattern, so that 
SST anomalies resemble that generated by the PNA.  



Lead season 0 Lead season 1 Lead season 2 

Lead season 3 

MAY NOVEMBER 

From Materia et al., 2013, in review QJRMS 

Sometimes, as in Australia, the improved land IC degradates 
the forecast skill; anyways, no matter the response to soil 
moisture initial condition, the variation in skill emphasises its 
crucial predictive role. However, ERAI wetness is often, but not 
necessarily, more accurate than a pure model-based product, 
and the seasonal forecast responds accordingly. 

Land surface-related increase of ACC over Eastern 
Canada and North Siberia: most likely due to accurate 
information on snow depth and cover. The influence 
on surface temperature lasts longler. In May, these 
two regions are covered in snow in both SPS1.5 and 
SPS2, and differences in forecast skill are reduced. 
The forecast in central Asia is affected by both land 
and atmosphere initialization: although the skill is low 
in this region, the quality of seasonal prediction is 
gradually improved by the degree of realism in the 
initialization. A similar progressive improvement is 
found in southern Europe (May), when an accurate 
knowledge of the land surface initial state is decisive. 



• CMCC has a functioning Prediction System that works on the seasonal time scale. Improved 
initialization impacts the quality of the forecast  

• Ocean forecast: progresses can be largely attributed to the upgraded atmospheric initial 
condition. Land surface forecast: seasonal prediction skill on continental regions is primarily 
driven by land surface initialization. 
• The realistic initialization of air temperature and winds allows an improved equilibrium state 
between the ocean and overlying atmosphere, which possibly mitigates the coupling shock, 
strengthening the overall predictability.  
• In a few specific regions, air-sea coupling leads to a prolongation of the beneficial effect of 
initialization throughout the forecast (NINO3.4 in May forecast, northern Pacific in Nov). 
• On mainland, the effect of atmospheric IC observable only in the early phase of the forecast, 
then most of the skill and accuracy variation can be ascribed to land surface initialization. In 
high latitudes, initialization of snow patterns and depth largely determines the quality of the 
Nov forecast, beginning of snow season. In central Asia and southern Europe, the contribution 
of land surface is most likely attributable to soil moisture initialization 
• ERAI initial condition is not necessarily more accurate than that generated by another land 
surface model, and a few regions respond better to the initial state imposed through an AMIP-
type experiment. Skill and accuracy, then, are sometimes worsened when CMCC-SPS is 
initialized with the ERAI land surface scheme. 

Conclusions 
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Ameliorations occur either as a result of 
the intra-seasonal stochastic 
component introduced by the 
atmospheric initial state (Shi et al., 
2011), or for the amplification of 
initial condition error in such a 
coupled system (Hudson et al., 
2011). 

 



Validation of the CMCC-SPS 

WAMI = u850hPa - u200hPa 

Fontaine et al., 1995 J.Clim 

Predictability of the  

West African Monsoon 

CMCC-SPSv2 intercepts 
the interannual variability 
of Monsoon winds.  

CC model/obs = 0.66 

ERA Interim 

CMCC-SPS 

Nevertheless, precipitation 
during the summer, turns out to 

be too weak and to penetrate 
too much inland.  

WAMI anomaly (m/s) May start date, lead 1 (JJA) 



The ENSO signal is well predicted by the CMCC-SPS, with anomaly correlation 
coefficients higher than 95% in the NINO3.4 region 

Validation of the CMCC-SPSv2 

Lead 1 (2) refers to the season 
starting one (two) month 
after the start date (here, Nov 
lead 1 (2) = DJF (JFM)) 

Predictability of ENSO 
SST anomalies in the 

NINO 3.4 region 


