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Decomposition of Geophysical Processes 

Key issue in environmental sciences 

 

Classically performed via orthogonal 

decompositions (EOF, PCA) [Hannachi et al., 2007] 

 

New decompositions 

► Relevance 

► Interpretability 

 

Blind source separation [Comon & Jutten, 2010] 

► Classical problem in signal and image processing 

► New formulations 

- Non-negativity [Lee & Seung, 1999] 

- Sparsity [Yilmaz & Rickard, 2004] 

FIGURE 1: Principal Component 

Analysis 



Proposed model 



Model formulation 
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FIGURE 2: General model block diagram  [Lopez-Radcenco et al., 2016] 

 

Relationship between observable variables xn and yn 

► Non-negative superposition of linear modes 



Model calibration 
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FIGURE 3: Local linear operators 

Problem of parameter estimation from 

observations 

► Non-convex 

► Non-linear 

 

Proposed approach: 

 

1. Local linear operators 

► Estimated from nearest neigbours 

► Metric depends on application 

 

2. Decomposition of local linear operators 

► Classical dictionary learning problem 



Applications 
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Application to SST/SSS relationships in the Alboran Sea 

Case study in the Alboran Sea: 
 

► Daily synthetic images (2009-

2012) [Juza et al., 2016] 

- Sea surface temperature (SST) 

- Sea surface salinity (SSS) 

 

► Cold water intake from the Atlantic 

thought the Gibraltar Strait 

 

► Strong seasonal patterns 

 

► Inversion of SST/SSS correlation 

 

FIGURE 4: SST/SSS Fields on March 22nd, 2011 



Segmentation of Ocean Dynamics 
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Application to SST/SSS relationships in the Alboran Sea 

FIGURE 5: SSS modal predictions on March 

22nd, 2011  

► SST/SSS patch-based model 

 

► SST/SSS linear regression 

estimated daily 

 

► Daily SST/SSS regressions 

decomposed into K=2 modes: 

 

- Mode 1: inversion of the 

SST/SSS correlation 

 

- Mode 2: coherent SST/SSS 

correlation 
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Application to SST/SSS relationships in the Alboran Sea 

FIGURE 6: Distribution of SST/SSS correlation coefficients  
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Prediction of Lorenz ‘96 dynamical system 

Case study: Lorenz ‘96 dynamical system 
 

► Developed to study predictability issues in 

weather forecasting [Lorenz, 1996] 

 

► Representative of chaotic geophyiscal 

dynamical systems (e.g. the atmosphere) 

 

► Extensively studied in forecasting and 

assimilation literature 

 

Forecasting: 

► For 40-variable Lorenz ‘96 time series 𝑺(𝑡) 
 

 

 
FIGURE 7: Lorenz ’96 model 



Analog Forecasting 
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Prediction of Lorenz ‘96 dynamical system 

FIGURE 8: Analog forecasting [Lguensat et al., 2017] 
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Prediction of Lorenz ‘96 dynamical system 

FIGURE 9: Analog forecasting with non-negative decomposition 



Analog Forecasting 
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Application to Lorenz ’96 dynamical system 

FIGURE 10: Normalized forecasting RMSE vs. the number of analogs used to estimate 

the locally-linear operator for: classical locally-linear operators (full line) and the non-

negative decomposition of locally-linear operators with K=4 modes (dashed line) 

(a) 𝑵 = 𝟐 × 𝟏𝟎𝟓 

No noise 

(b) 𝑵 = 𝟐 × 𝟏𝟎𝟓 

𝝈𝒏𝒐𝒊𝒔𝒆
𝟐 = 𝟎. 𝟏 

 

(a) 𝑵 = 𝟐 × 𝟏𝟎𝟑 

No noise 
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Conclusions and future work 

Novel observation-based non-negative 

decomposition approach 

► Locally linear operators 

► Dictionary learning  

► Adaptability and flexibility 

 

Relevant applications for characterization and 

forecasting issues 

 

Future work 

► Explore alternative contraints: 

- Sparsity: KSVD [Aharon et al, 2006] 

► Explore novel applications 
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Thank you for your attention 
 





Reformulation: 

 

 

 

 

 

 

► Lines of Γ contain mixing coefficients αnk 

► Columns of D contain vectorized versions of modal linear regression matrices βk 
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Vectorization: 

 

► Vectorize local linear operators 

 

 

► Concatenate vectorized operators 

 

 

 



27/04/2017 

24 

NON-NEGATIVE DECOMPOSITION OF 

GEOPHYSICAL DYNAMICS 

Patch-based approach 

► Concentric patches are extracted 

from SST/SSS images 

 

 

 

 

► A single linear regression is fitted 

daily using all patches from the 

corresponding day t0 

FIGURE 11: Patch extraction 
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Prediction of Lorenz ‘96 dynamical system 

FIGURE 12: Dictionary learning for analog forecasting with non-negative decomposition 


