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            Abstract
River deltas rank among the most economically and ecologically valuable environments on Earth. Even in the absence of sea-level rise, deltas are increasingly vulnerable to coastal hazards as declining sediment supply and climate change alter their sediment budget, affecting delta morphology and possibly leading to erosion1,2,3. However, the relationship between deltaic sediment budgets, oceanographic forces of waves and tides, and delta morphology has remained poorly quantified. Here we show how the morphology of about 11,000 coastal deltas worldwide, ranging from small bayhead deltas to mega-deltas, has been affected by river damming and deforestation. We introduce a model that shows that present-day delta morphology varies across a continuum between wave (about 80 per cent), tide (around 10 per cent) and river (about 10 per cent) dominance, but that most large deltas are tide- and river-dominated. Over the past 30 years, despite sea-level rise, deltas globally have experienced a net land gain of 54 ± 12 square kilometres per year (2 standard deviations), with the largest 1 per cent of deltas being responsible for 30 per cent of all net land area gains. Humans are a considerable driver of these net land gains—25 per cent of delta growth can be attributed to deforestation-induced increases in fluvial sediment supply. Yet for nearly 1,000 deltas, river damming4 has resulted in a severe (more than 50 per cent) reduction in anthropogenic sediment flux, forcing a collective loss of 12 ± 3.5 square kilometres per year (2 standard deviations) of deltaic land. Not all deltas lose land in response to river damming: deltas transitioning towards tide dominance are currently gaining land, probably through channel infilling. With expected accelerated sea-level rise5, however, recent land gains are unlikely to be sustained throughout the twenty-first century. Understanding the redistribution of sediments by waves and tides will be critical for successfully predicting human-driven change to deltas, both locally and globally.
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                    Fig. 1: Global distribution of predicted pristine delta morphologies.


Fig. 2: Predicted delta morphologic change from pristine to future equilibrium conditions.


Fig. 3: Rates and drivers of delta land area change over the period 1985–2015.



                


                
                    
                
            

            
                Data availability

              
              All primary sources (OSU TOPEX50, NOAA WaveWatch47, USGS HydroSheds36, USGS SRTM37, WBMSed42 and AquaMonitor20 data) are publicly available. Wave and tide data can also be found at https://jhnienhuis.users.earthengine.app. The resulting morphological predictions for all 10,484 deltas are available as .mat and .kml files at https://doi.org/10.17605/OSF.IO/S28QB. Source data for Figs. 1–3 are provided with the paper.

            

Code availability

              
              The Matlab computer code that reproduces our findings is available at https://github.com/jhnienhuis/GlobalDeltaChange and https://osf.io/s28qb/.
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Extended data figures and tables

Extended Data Fig. 1 Overview of the algorithm that identifies river deltas using HydroSheds data.
a, HydroSheds drainage basins and the included deltas are shown for Veracruz, Mexico. b, Close-up of a, showing the included deltas and the tracked river channel for the channel slope calculation. Scale bars show the resolution of the WaveWatch47 and TOPEX datasets50.


Extended Data Fig. 2 WBMSed model predictions.
a, Discharge per cell. b, Sediment yield42.


Extended Data Fig. 3 WBMsed model predictions of human-induced change to the deltaic fluvial sediment flux.
Colours indicate the ratio of the modern fluvial sediment flux (\({Q}_{{\rm{river}}}^{{\rm{d}}}\); here Qriver,dist) to the flux in a world without anthropogenic modifications42 (\({Q}_{{\rm{river}}}^{{\rm{p}}}\); here Qriver,prist).


Extended Data Fig. 4 Characterization of data used for wave- and tide-driven deltaic sediment flux.
a, Global maximum potential alongshore sediment transport (Qwave) based on the WaveWatch 30-year hindcast data47. b, Global estimate of mean tidal amplitude based on the OSU TOPEX data50.


Extended Data Fig. 5 Example of recent deltaic land area change for the north shore of Java, Indonesia.
Land loss and land gain were measured using Landsat (http://landsat.usgs.gov/) images from Google Earth Engine52 based on the Deltares Aqua Monitor35. Here, deltas have expanded recently because of human-induced increases in the fluvial sediment flux. The top image shows the coastal change, with the red markers and black outlines representing individual deltas and their coastlines, respectively.


Extended Data Table 1 Confusion matrix of the number of deltas on MadagascarFull size table


Extended Data Table 2 Confusion matrix of the delta morphologic prediction based on a validation dataset of 312 deltasFull size table


Extended Data Table 3 Yearly deltaic land gain, loss and net gain for different regionsFull size table


Extended Data Table 4 Predicted sediment transport fluxes for a selection of well-known deltasFull size table


Extended Data Table 5 Comparison of net land gain estimates with case studies from the literatureFull size table





Source data
Source Data Fig. 1

Source Data Fig. 2

Source Data Fig. 3




Rights and permissions
Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely governed by the terms of such publishing agreement and applicable law.
Reprints and permissions


About this article
       



Cite this article
Nienhuis, J.H., Ashton, A.D., Edmonds, D.A. et al. Global-scale human impact on delta morphology has led to net land area gain.
                    Nature 577, 514–518 (2020). https://doi.org/10.1038/s41586-019-1905-9
Download citation
	Received: 24 January 2019

	Accepted: 27 November 2019

	Published: 22 January 2020

	Issue Date: 23 January 2020

	DOI: https://doi.org/10.1038/s41586-019-1905-9


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Spatio-temporal changes and hydrological forces of wetland landscape pattern in the Yellow River Delta during 1986–2022
                                    
                                

                            
                                
                                    	Mengqi Qiu
	Yanxu Liu
	Bojie Fu


                                
                                Landscape Ecology (2024)

                            
	
                            
                                
                                    
                                        An intra-annual 30-m dataset of small lakes of the Qilian Mountains for the period 1987–2020
                                    
                                

                            
                                
                                    	Chao Li
	Shiqiang Zhang
	Gang Zhou


                                
                                Scientific Data (2023)

                            
	
                            
                                
                                    
                                        Satellite images show the widespread impact of mining on tropical rivers
                                    
                                

                            
                                
                                    	Bryony Walmsley


                                
                                Nature (2023)

                            
	
                            
                                
                                    
                                        Concerns about data linking delta land gain to human action
                                    
                                

                            
                                
                                    	Florin Zăinescu
	Edward Anthony
	Florin Tătui


                                
                                Nature (2023)

                            
	
                            
                                
                                    
                                        Global distribution and dynamics of muddy coasts
                                    
                                

                            
                                
                                    	Romy Hulskamp
	Arjen Luijendijk
	Stefan Aarninkhof


                                
                                Nature Communications (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Human activities have changed the shapes of river deltas
                

                
	Nick van de Giesen



                
    
        
            Nature
        
        News & Views
        
        
            22 Jan 2020
        
    


            

        

    


                        

                    
                        
                            
    
        
            
                
                    Reply to: Concerns about data linking delta land gain to human action
                

                
	J. H. Nienhuis
	A. D. Ashton
	T. E. Törnqvist



                
    
        
            Nature
        
        Matters Arising
        
        
            08 Feb 2023
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    








