







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 19 December 2018



                    The global distribution and trajectory of tidal flats

                    	Nicholas J. Murray1,2, 
	Stuart R. Phinn3, 
	Michael DeWitt4, 
	Renata Ferrari5, 
	Renee Johnston4, 
	Mitchell B. Lyons2, 
	Nicholas Clinton4, 
	David Thau4 & 
	â€¦
	Richard A. Fuller1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 565,Â pages 222â€“225 (2019)Cite this article
                    

                    
        
            	
                        24k Accesses

                    
	
                        520 Citations

                    
	
                            445 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Conservation biology


    


                
    
    

    
    

                
            


        
            Abstract
Increasing human populations around the global coastline have caused extensive loss, degradation and fragmentation of coastal ecosystems, threatening the delivery of important ecosystem services1. As a result, alarming losses of mangrove, coral reef, seagrass, kelp forest and coastal marsh ecosystems have occurred1,2,3,4,5,6. However, owing to the difficulty of mapping intertidal areas globally, the distribution and status of tidal flatsâ€”one of the most extensive coastal ecosystemsâ€”remain unknown7. Here we present an analysis of over 700,000 satellite images that mapsÂ the global extentÂ of and change in tidal flats over the course of 33 years (1984â€“2016). We find that tidal flats, defined as sand, rock or mud flats that undergo regular tidal inundation7, occupy at least 127,921Â km2 (124,286â€“131,821Â km2, 95% confidence interval). About 70% of the global extent of tidal flats is found in three continents (Asia (44% of total), North America (15.5% of total) and South America (11% of total)), with 49.2% being concentrated in just eight countries (Indonesia, China, Australia, the United States, Canada, India, Brazil and Myanmar). For regions with sufficient data to develop a consistent multi-decadal time seriesâ€”which included East Asia, the Middle East and North Americaâ€”we estimate that 16.02% (15.62â€“16.47%, 95% confidence interval) of tidal flats were lost between 1984 and 2016. Extensive degradation from coastal development1, reduced sediment delivery from major rivers8,9, sinking of riverine deltas8,10, increased coastal erosion and sea-level rise11 signal a continuing negative trajectory for tidal flat ecosystems around the world. Our high-spatial-resolution dataset delivers global maps of tidal flats, which substantially advances our understanding of the distribution, trajectory and status of these poorly known coastal ecosystems.
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                    Fig. 1: Global distribution of tidal flat ecosystems.[image: ]


Fig. 2: Regional subsets of extent of tidal flats, showing case studies of intertidal loss, instability and gain from 1984 to 2016.[image: ]


Fig. 3: Global trajectory in the extent of tidal flats.[image: ]
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                Data availability

              
              The Landsat archive imagery used for this analysis is available from the United States Geological Survey Earth Explorer (http://earthexplorer.usgs.gov), and via the Google Earth Engine data archive (http://earthengine.google.com). The tidal flat maps, data mask and pixel count layers generated in this study are available via the Google Earth Engine (http://earthengine.google.com) and at Intertidal Change Explorer (http://intertidal.app).
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Extended data figures and tables

Extended Data Fig. 1 The number of Landsat archive images used to map tidal flats globally for each time period in our analysis.
The total number of Landsat images used in the random-forest classification was 707,528.


Extended Data Fig. 2 Count of Landsat images used in the global tidal flat analysis.
aâ€“k, Each panel shows the number of Landsat images used to map tidal flats for each time period: 2014â€“2016 (a), 2011â€“2013 (b), 2008â€“2010 (c), 2005â€“2007 (d), 2002â€“2004 (e), 1999â€“2001 (f), 1996â€“1998 (g), 1993â€“1995 (h), 1990â€“1992 (i), 1987â€“1989 (j) and 1984â€“1986 (k). The pixel-count layers provide details of how many Landsat pixels were available to compute the spectral image composite covariates.


Extended Data Fig. 3 Distribution of randomly sampled points used for the independent accuracy assessment.
The randomly sampled points (nÂ =Â 1,358) were stratified between two classes (tidal flat and other) and by continent. Each point was assigned to a class by three independent observers with reference to a range of imagery, using an online validation application.


Extended Data Fig. 4 Relationship between power and number of points used for validation.
The plot shows the theoretical number of validation samples (n) required to achieve a desired confidence level. The minimum sample size n was calculated as nÂ =Â z2P(1Â âˆ’Â P)/h2, in which P is the estimated proportion of training points that are likely to be allocated to the tidal flat class (estimated at PÂ =Â 0.33), z is the desired significance level (zÂ =Â 1.96) and h is the half-width of the desired confidence interval (corresponding to hÂ =Â 0.025)54. The vertical dashed line indicates the size of the validation set (nÂ =Â 1,358) used to assess accuracy of the tidal flat dataset.


Extended Data Fig. 5 Distribution of randomly sampled points used for assessing agreement between the global tidal flat data and an independently produced map of intertidal extent in Australia.
The points (nÂ =Â 4,000) were sampled using stratification between two classes (yellow, intertidal; purple, other) within the mapped area of our analysis.


Extended Data Table 1 Predictor data layers used by the random-forest classifier to classify pixels as land, water or intertidalFull size table


Extended Data Table 2 Date parameters used to filter the Landsat archive before developing image stacks for the classification of tidal flatsFull size table


Extended Data Table 3 Extent of tidal flats, per exclusive economic zone, in the top 50 countries, 2014â€“2016Full size table


Extended Data Table 4 Error matrices from the three independent accuracy assessments and mode of all three assessmentsFull size table
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