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            Abstract
Rapid demographic ageing substantially affects socioeconomic development1,2,3,4 and presents considerable challenges for food security and agricultural sustainability5,6,7,8, which have so far not been well understood. Here, by using data from more than 15,000 rural households with crops but no livestock across China, we show that rural population ageing reduced farm size by 4% through transferring cropland ownership and land abandonment (approximately 4 million hectares) in 2019, taking the population age structure in 1990 as a benchmark. These changes led to a reduction of agricultural inputs, including chemical fertilizers, manure and machinery, which decreased agricultural output and labour productivity by 5% and 4%, respectively, further lowering farmersâ€™ income by 15%. Meanwhile, fertilizer loss increased by 3%, resulting in higher pollutant emissions to the environment. In new farming models, such as cooperative farming, farms tend to be larger and operated by younger farmers, who have a higher average education level, hence improving agricultural management. By encouraging the transition to new farming models, the negative consequences of ageing can be reversed. Agricultural input, farm size and farmerâ€™s income would grow by approximately 14%, 20% and 26%, respectively, and fertilizer loss would reduce by 4% in 2100 compared with that in 2020. This suggests that management of rural ageing will contribute to a comprehensive transformation of smallholder farming to sustainable agriculture in China.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 /Â 30Â days
cancel any time

Learn more



Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more



Buy this article
Purchase on Springer Link
Instant access to full article PDF
Buy now


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Population ageing and farm size in China.[image: ]


Fig. 2: SEM of ageing impacts on agriculture.[image: ]


Fig. 3: Impact of ageing on agricultural sustainability across Chinaâ€™s provinces in 2019.[image: ]


Fig. 4: Comparison of smallholder and new farming models on agricultural indicators in 2019.[image: ]


Fig. 5: Relative changes of agricultural sustainability owing to ageing under SSP scenarios by 2100.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Changes of agricultural sustainability with ageing in 2019.
(a) Total agricultural input; (b) Agricultural output; (c) Labour productivity; (d) Fertilizer use; (e) Manure use; (f) Fertilizer loss ratio; (g) Per capita disposable income from agricultural sector; (h) Farm size; (i) Machine input. (a)-(c), (d)-(e), (g)-(i) show the economic, environmental and social impacts of agricultural sustainability, respectively. The predicted means the counterfactual value with ageing ratio equivalent to 1990. The observed means the observed value in 2019. The input, output, fertilizer, manure and machine are all weighted with the total cultivated area on province-level. Labour productivity is weighted with the total labour input on province-level. Farm size and income are arithmetic averages. Acronyms for 31 provinces, autonomous regions, and municipalities directly under the Central Government are listed in Table S4. Shanghai, Tibet and Xinjiang are not depicted due to data limitation.
Source Data


Extended Data Fig. 2 Demographic and socioeconomic changes in China under different scenarios by 2100.
(a) Ageing ratio; (b) Adult labour ratio; (c) Average education years; (d) Total population; (e) Urban population ratio; (f) Gross domestic product per capita (PGDP). SSP1â€“4 refers to Shared Socioeconomic Pathways (SSPs) scenarios. Urbanization in SSP1 is consistent with it in SSP4 in panel (e). Data are from SSP Database.
Source Data


Extended Data Fig. 3 Future agricultural sustainability changes due to ageing under SSP scenarios by 2100.
(a) Total agricultural input; (b) Agricultural output; (c) Labour productivity; (d) Fertilizer use; (e) Manure use; (f) Fertilizer loss ratio; (g) Per capita disposable income from agricultural sector; (h) Farm size; (i) Machine input. (a)-(c), (d)-(e), (g)-(i) show the economic, environmental and social impacts of agricultural sustainability, respectively. The Baseline assumed no changes in the future. SSP1â€“4 refers to Shared Socioeconomic Pathways (SSPs) scenarios. NF is the abbreviation of new farming. The input, output, fertilizer, manure and machine are all weighted with the total cultivated area. Labour productivity is weighted with the total labour input. Farm size and income are arithmetic averages.
Source Data


Extended Data Fig. 4 Abandoned cropland changes under SSP scenarios by 2100.
(a) Abandoned cropland ratio change; (b) Relative change of abandoned cropland ratio compared to 2020. Abandoned cropland ratio is abandoned cropland area to the total cropland area across the whole country. Relative change is carried out in percentage terms. NF, New farming. SSP1â€“4 refers to Shared Socioeconomic Pathways (SSPs) scenarios. The Baseline assumed no changes in the future.
Source Data


Extended Data Table 1 Summary of the structural equation model shown in Fig. 2Full size table


Extended Data Table 2 New farming mitigates ageing and its impacts on agricultureFull size table
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