







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	perspectives

	
                                    article


    
        
        
            
            
                
                    	Perspective
	Published: 13 February 2019



                    Deep learning and process understanding for data-driven Earth system science

                    	Markus Reichstein1,2, 
	Gustau Camps-Valls3, 
	Bjorn Stevens4, 
	Martin Jung1, 
	Joachim Denzler2,5, 
	Nuno Carvalhais1,6 & 
	â€¦
	 Prabhat7Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 566,Â pages 195â€“204 (2019)Cite this article
                    

                    
        
            	
                        107k Accesses

                    
	
                        2053 Citations

                    
	
                            393 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Biogeochemistry
	Climate sciences
	Environmental sciences
	Mathematics and computing


    


                
    
    

    
    

                
            


        
            Abstract
Machine learning approaches are increasingly used to extract patterns and insights from the ever-increasing stream of geospatial data, but current approaches may not be optimal when system behaviour is dominated by spatial or temporal context. Here, rather than amending classical machine learning, we argue that these contextual cues should be used as part of deep learning (an approach that is able to extract spatio-temporal features automatically) to gain further process understanding of Earth system science problems, improving the predictive ability of seasonal forecasting and modelling of long-range spatial connections across multiple timescales, for example. The next step will be a hybrid modelling approach, coupling physical process models with the versatility of data-driven machine learning.
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                    Fig. 1: Big data challenges in the geoscientific context.[image: ]


Fig. 2: Four examples of typical deep learning applications (left panels) and the geoscientific problems they can be applied to (right panels).[image: ]


Fig. 3: Linkages between physical models and machine learning.[image: ]


Fig. 4: Interpretation of hybrid modelling as deepening a deep learning architecture by adding one or several physical layers after the multilayer neural network to make the model more physically realistic.[image: ]
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