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            Abstract
Feedbacks between climate, erosion and tectonics influence the rates of chemical weathering reactions1,2, which can consume atmospheric CO2 and modulate global climate3,4. However, quantitative predictions for the coupling of these feedbacks are limited because the specific mechanisms by which climate controls erosion are poorly understood. Here we show that climate-dependent chemical weathering controls the erodibility of bedrock-floored rivers across a rainfall gradient on the Big Island of Hawaiâ€˜i. Field data demonstrate that the physical strength of bedrock in streambeds varies with the degree of chemical weathering, which increases systematically with local rainfall rate. We find that incorporating the quantified relationships between local rainfall and erodibility into a commonly used river incision model is necessary to predict the rates and patterns of downcutting of these rivers. In contrast to using only precipitation-dependent river discharge to explain the climatic control of bedrock river incision5,6, the mechanism of chemical weathering can explain strong coupling between local climate and river incision.
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                    Figure 1: Field area, measurement locations and study channels.[image: ]


Figure 2: Bedrock chemistry as a function of local MAP.[image: ]


Figure 3: Characterization of controls on rock strength.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Evaluation of temperature effects on Kohala weathering rates.
a, Fresh basalt weathering rates derived from measurements of modern soil weathering rates across the Kohala Peninsula46 (filled black circles) and a best-fit power law regression to the data as a function of MAP (blue line; R2â€‰=â€‰0.96). b, Variation of mean annual temperature, MAT (red dashed line), and MAP (blue dashed line) with elevation across the leeward side of the Kohala Peninsula21. Using the reported MAT from the coast and highest elevations of Kohala, we calculate an environmental lapse rate of 5.3â€‰Â°C kmâˆ’1. c, Using the MAP and MAT relations in b, the measured weathering rates (filled black circles) and the best-fit relation (blue line) are replotted as a function of MAT. Using the best-fit estimate at 24â€‰Â°C as a reference rate, the effect of temperature on the weathering rate was then estimated using the Arrhenius equation (red line). A threefold decrease in weathering rate is expected based on temperature alone, however measured weathering rates increase over three orders of magnitude (blue line). The measured weathering rates (filled black circles) should integrate any possible temperature effects, yet the trends are discordant, demonstrating that temperature is not a first-order control on chemical weathering rates in Kohala.


Extended Data Figure 2 Variation of average dry bulk density with local MAP.
Filled black circles represent data from sites of Hawi basalt, and open black triangles represent data from sites of Pololu basalt, with error bars showing standard error. The plotted regression is for sites in Hawi basalt (R2â€‰=â€‰0.82, pâ€‰<â€‰0.001), in which bulk density decreases 20% with a 2-m increase in local MAP.


Extended Data Table 1 Average fractional mass loss, Ï„ and MAPFull size table


Extended Data Table 2 Dry bulk density, MAP and incision rateFull size table


Extended Data Table 3 Rock mechanical properties, MAP and incision rateFull size table


Extended Data Table 4 Time-averaged incision rates across the 12 field sitesFull size table


Extended Data Table 5 Multiple linear regressions of stream longitudinal profilesFull size table
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show all

    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    How rain affects rock and rivers
                

                
	Alison M. Anders



                
    
        
            Nature
        
        News & Views
        
        
            13 Apr 2016
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: 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
	protocols.io
	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 Middle East


            


        

    

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


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” 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
            
        


    









    [image: ]







[image: ]
