







    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: 20 January 2013



                    Ecosystem resilience despite large-scale altered hydroclimatic conditions

                    	Guillermo E. Ponce-Campos1,2, 
	M. Susan Moran1, 
	Alfredo Huete3, 
	Yongguang Zhang1, 
	Cynthia Bresloff2, 
	Travis E. Huxman4, 
	Derek Eamus3, 
	David D. Bosch5, 
	Anthony R. Buda6, 
	Stacey A. Gunter7, 
	Tamara Heartsill Scalley8, 
	Stanley G. Kitchen9, 
	Mitchel P. McClaran10, 
	W. Henry McNab11, 
	Diane S. Montoya12, 
	Jack A. Morgan13, 
	Debra P. C. Peters14, 
	E. John Sadler15, 
	Mark S. Seyfried16 & 
	â€¦
	Patrick J. Starks17Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 494,Â pages 349â€“352 (2013)Cite this article
                    

                    
        
            	
                        18k Accesses

                    
	
                        416 Citations

                    
	
                            49 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Climate-change impacts
	Ecosystem ecology


    


                
    
    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Climate change is predicted to increase both drought frequency and duration, and when coupled with substantial warming, will establish a new hydroclimatological model for many regions1. Large-scale, warm droughts have recently occurred in North America, Africa, Europe, Amazonia and Australia, resulting in major effects on terrestrial ecosystems, carbon balance and food security2,3. Here we compare the functional response of above-ground net primary production to contrasting hydroclimatic periods in the late twentieth century (1975â€“1998), and drier, warmer conditions in the early twenty-first century (2000â€“2009) in the Northern and Southern Hemispheres. We find a common ecosystem water-use efficiency (WUEe: above-ground net primary production/evapotranspiration) across biomes ranging from grassland to forest that indicates an intrinsic system sensitivity to water availability across rainfall regimes, regardless of hydroclimatic conditions. We found higher WUEe in drier years that increased significantly with drought to a maximum WUEe across all biomes; and a minimum native state in wetter years that was common across hydroclimatic periods. This indicates biome-scale resilience to the interannual variability associated with the early twenty-first century droughtâ€”that is, the capacity to tolerate low, annual precipitation and to respond to subsequent periods of favourable water balance. These findings provide a conceptual model of ecosystem properties at the decadal scale applicable to the widespread altered hydroclimatic conditions that are predicted for later this century. Understanding the hydroclimatic threshold that will break down ecosystem resilience and alter maximum WUEe may allow us to predict land-surface consequences as large regions become more arid, starting with water-limited, low-productivity grasslands.
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                    Figure 1: 
                        Relationship between ANPP and iEVI.
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Figure 2: 
                        Cross-biome sensitivity to precipitation during altered hydroclimatic conditions.
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Figure 3: 
                        Ecosystem resilience across biomes and hydroclimatic conditions.
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Figure 4: 
                        A conceptual model of ecosystem resilience during altered hydroclimatic condition.
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Ecosystem resilience to water shortage and surfeit
The early twenty-first century has seen a global increase in drought conditions. These authors describe the response of plant communities in a global sample of ecosystems to drought stress as a measure of ecosystem resilience, comparing data from the early twenty-first century with the late twentieth century. They find a common range of water-use efficiency values across timescales and locations, with the increases in dry years this century not yet compromising the ability to lower water-use efficiency in response to wetter years. This work will help provide an understanding of how vegetation production will respond to the altered hydroclimatic conditions predicted with climate change, important when making decisions about food production and resource management.
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