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The results presented here are part of a project 
whose aim is to test and develop methods in 
order to improve the quality and the reliability of 
decadal climate predictions. 

We are currently focusing on the estimate of the 
initial condition (IC). Indeed, optimal estimate of 
the IC is required in order to perform accurate and 
reliable decadal predictions. Data assimilation 
(DA) methods can provide an optimal estimate of 
the initial state given inaccurate and incomplete 
observations and imperfect model equations.

1. Introduction

Different methods are being tested with the 
coupled climate model LOVECLIM [1] which
• is a 3D Earth system model of intermediate 

complexity; 
• presents a lower level of complexity and a 

coarser resolution than general circulation 
model (GCM);

• has a lower computational cost than GCM.

➡ allows us to realize a large number of tests 
within a reasonable computational time.

Hindcast experiments spanning the last 70 years 
are performed. 2 data assimilation methods are 
used to provide initial condition for hindcasts. The 
accuracy of these hindcasts is assessed by 
compar ing the i r resu l ts w i th ava i lab le 
observations.

In order to take into account uncertainties on the 
estimate of the initial state, ensemble simulation 
method is used.

2. Methodology

Particle Filter with Resampling
The particle filter with resampling [2] has been used for seasonal DA of the surface 
temperature, over a 2D box spanning the area northward of 30°N.

Starting from some initial conditions, an ensemble of 96 simulations (the particles) 
is propagated with the model for a period of 3 months. Then, a weight is calculated 
following the likelihood of each particle. The closer to the observations the particle 
is, the higher the weight is.  

3. Data Assimilation Methods
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5. Hindcasts Experiments

6. Discussion
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Nudging
It consists of adding to the model equations a term that nudges the solution 
towards the observation. 
In LOVECLIM, this is done by adding to the heat flux between the atmosphere 
and the ocean the following term (for each grid point of the ocean free of sea ice): 

– k(Tmod – Tobs)
where Tmod is the surface temperature calculated by the model and Tobs is the 
observed surface temperature, k is the relaxation coefficient. Here, this coefficient 
has been chosen such that it corresponds to a relaxation time of 6 months. The 
nudging term has been limited to a maximum flux of 50 Wm-2.

4. Reconstruction of the Surface Temperature between 1900 and 2000

Without data assimilation

Seasonal mean of the surface temperature anomaly averaged over the area northward of 30°N.

7. Next Steps
• Improvement of the data assimilation method.

• Assimilation of 3D temperature in the ocean.

The quality of the predictions performed with LOVECLIM using initial conditions obtained thanks to the assimilation of observed surface temperature is not very high.

Hindcasts performed with these initial conditions show that the model tends to drift toward its climatology and its dynamics is not able to create anomalies such as those 
appearing in the observations.

Hindcasts are performed for a 10-years period and start in January every 5 years from 1940 to 2000. For each time period, 2 hindcasts are run: one whose initial condition 
has been extracted from the simulation with data assimilation (hindcasts with DA) and the other one which is initialized from a run without data assimilation (hindcasts 
without DA). For hindcasts with DA, 96 members are chosen in function of their weights calculated by the particle filter.

Data assimilation provides better results for surface temperature reconstruction, especially in summer. 

Hindcast with DA starts with a state close to the observation and follows it 
towards the model climatology during 3 years. Then, the observations roll away 
from the model climatology while the hindcast oscillates around it. Without DA, IC 
is too far from the observed state to provide any predictability. 

Both IC with and without DA are too far from the observed state. Hindcasts 
oscillate around the model climatological mean. Observation presents important 
anomalies that the model is not able to reproduce. Here, none of the IC is able to 
provide any predictability. 

During the 4 first seasons, correlation for hindcasts initialized with DA is higher and significant in wider area than the one of hindcasts initialized without DA, especially in 
the Atlantic and in the Indian Ocean. 

Spatial Distribution of the Correlation between Observations and Hindcasts [5]
Only significant (95% level) correlations are shown on the figures below.

1945-1955 hindcast for the surface temperature anomaly (°C)

Particle filter + nudging

1995-2005 hindcast for the surface temperature anomaly (°C)
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Observed surface temperature anomalies are taken from the HadCRUT3 [4] dataset. 

➃ t = 3 months: particles are resampled to obtain 
an equal-weight ensemble. Particles with high 
weight are duplicated and a small perturbation is 
added to the copies of the duplicated particles. 

➀ t = 0: all particles have equal weights.

➁ t = 0 month → t = 3 months:
 propagation using the model.

➂ t = 3 months: particles are weighted 
according to the likelihood.

➄ t = 3 months → t = 6 months:
propagation using the model.
... and so on.
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Figure adapted from [3].
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