







    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 Climate Change]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature climate change

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 08 March 2021



                    A global analysis of subsidence, relative sea-level change and coastal flood exposure

                    	Robert J. NichollsÂ 
            ORCID: orcid.org/0000-0002-9715-11091, 
	Daniel LinckeÂ 
            ORCID: orcid.org/0000-0003-4250-50772, 
	Jochen HinkelÂ 
            ORCID: orcid.org/0000-0001-7590-992X2,3,4, 
	Sally BrownÂ 
            ORCID: orcid.org/0000-0003-1185-19625, 
	Athanasios T. VafeidisÂ 
            ORCID: orcid.org/0000-0002-3906-55446, 
	Benoit MeyssignacÂ 
            ORCID: orcid.org/0000-0001-6325-98437, 
	Susan E. HansonÂ 
            ORCID: orcid.org/0000-0002-2198-15958, 
	Jan-Ludolf Merkens6 & 
	â€¦
	Jiayi FangÂ 
            ORCID: orcid.org/0000-0002-0420-56159Â 

Show authors

                    

                    
                        
    Nature Climate Change

                        volumeÂ 11,Â pages 338â€“342 (2021)Cite this article
                    

                    
        
            	
                        12k Accesses

                    
	
                        189 Citations

                    
	
                            609 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Climate-change impacts
	Geology


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    An Author Correction to this article was published on 06 May 2021

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Climate-induced sea-level rise and vertical land movements, including natural and human-induced subsidence in sedimentary coastal lowlands, combine to change relative sea levels around the worldâ€™s coasts. Although this affects local rates of sea-level rise, assessments of the coastal impacts of subsidence are lacking on a global scale. Here, we quantify global-mean relative sea-level rise to be 2.6â€‰mmâ€‰yrâˆ’1 over the past two decades. However, as coastal inhabitants are preferentially located in subsiding locations, they experience an average relative sea-level rise up to four times faster at 7.8 to 9.9â€‰mmâ€‰yrâˆ’1. These results indicate that the impacts and adaptation needs are much higher than reported global sea-level rise measurements suggest. In particular, human-induced subsidence in and surrounding coastal cities can be rapidly reduced with appropriate policy for groundwater utilization and drainage. Such policy would offer substantial and rapid benefits to reduce growth of coastal flood exposure due to relative sea-level rise.
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                    Fig. 1: Cumulative distribution of contemporary length-weighted and population-weighted coastal relative SLR rates.[image: ]


Fig. 2: Average relative SLR rate for 23 coastal world regions.[image: ]


Fig. 3: Global population in the coastal floodplain from 2015 to 2050.[image: ]
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Extended data

Extended Data Fig. 1 Cumulative distribution of contemporary coastal relative SLR.
(a) length-weighted, (b) population-weighted. Each panel shows climate-induced SLR alone, and then progressively adds the other components comprising: (1) GIA, (2) GIA and delta subsidence combined, and (3) GIA, delta subsidence and uncontrolled city subsidence combined. For uncontrolled city subsidence, the uncertainty is considered by using a low and high estimate. For length weighting, the main change occurs due to adding the GIA component, which reduces the median and mean SLR. Considering delta and city subsidence has little effect as only 6.5 percent and 0.8 percent of the worldâ€™s coast length are affected. For population weightings, adding GIA also has an effect, but it is smaller than for length weighting being âˆ’0.3â€‰mm/yr on mean SLR. This reflects that the coastal population is preferentially located in areas where GIA causes subsidence, which counters the effect GIA has when considering length weighting. Adding delta and then uncontrolled city subsidence has a major effect reflecting the large populations in these areas. In the median, these two components add 1.19â€‰mm/yr and an additional 0.62â€‰mm/yr of SLR rise, respectively. The asymmetric distribution of the high-end tail leads to a larger effect on the mean SLR at 1.6â€‰mm/yr due to delta subsidence alone, and an additional 2.7 to 4.8â€‰mm/yr due to city subsidence alone (Table 1).
Source data


Extended Data Fig. 2 Sea-level rise components versus coastal population density for all the coastal segments considered in the analysis.
These comprise (a) climate-induced sea-level rise only, (b) GIA only, (c) high estimates of uncontrolled city subsidence only, (d) delta subsidence only, and (e) the sum of all four components considered previously. The linear best fit and the explained variance are shown in each case. While the explained variance with such a linear fit is small, the slopes are significantly different from zero in all cases.
Source data


Extended Data Fig. 3 Global total of people living in the coastal flood plain from 2015 to 2050 under a range of socio-economic and climate scenarios.
These comprise five different SSP-based regionalised population scenarios (SSP1 to SSP5), and no climate-induced SLR and the RCP2.6 and RCP8.5 SLR scenarios, respectively. Assumptions concerning geological components of relative SLR are as follows: Column (a) No geological component, Column (b) GIA only, Column (c) GIA and delta subsidence, Column (d) GIA, delta and uncontrolled city subsidence. Column (e) GIA, delta and controlled city subsidence (to a maximum of 5â€‰mm/yr). The lower, middle and upper population estimates in (d) and (e) reflect uncertainty in the rates of city subsidence (see Fig. 1). All simulations start in 1995. The results indicate little variation between SSPs to 2050.
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