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                    Abstract
This paper presents new high-resolution proxies and paleoclimatic reconstructions for studying climate changes in China for the past 2000 years. Multi-proxy synthesized reconstructions show that temperature variation in China has exhibited significant 50–70-yr, 100–120-yr, and 200–250-yr cycles. Results also show that the amplitudes of decadal and centennial temperature variation were 1.3°C and 0.7°C, respectively, with the latter significantly correlated with long-term changes in solar radiation, especially cold periods, which correspond approximately to sunspot minima. The most rapid warming in China occurred over AD 1870–2000, at a rate of 0.56° ± 0.42°C (100 yr)−1; however, temperatures recorded in the 20th century may not be unprecedented for the last 2000 years, as data show records for the periods AD 981–1100 and AD 1201–70 are comparable to the present. The ensemble means of dryness/wetness spatial patterns in eastern China across all centennial warm periods illustrate a tripole pattern: dry south of 25°N, wet from 25°–30°N, and dry to the north of 30°N. However, for all centennial cold periods, this spatial pattern also exhibits a meridional distribution. The increase in precipitation over the monsoonal regions of China associated with the 20th century warming can primarily be attributed to a mega El Ni˜no–Southern Oscillation and the Atlantic Multidecadal Oscillation. In addition, a significant association between increasing numbers of locusts and dry/cold conditions is found in eastern China. Plague intensity also generally increases in concert with wetness in northern China, while more precipitation is likely to have a negative effect in southern China.


摘要
本文综述了近来中国过去2000年气候变化研究中新取得的高分辨率代用资料和重建序列。结果显示: (1) 中国温度存在50–70年、100–120年和200–250年的准周期变化, 其年代和百年际变幅分别约为1.3℃和0.7℃, 且在百年尺度上与太阳辐射的长期变化显著相关, 尤其是气温寒冷阶段与太阳活动极小期相对应。 (2) 1870–2000年是中国增温最快的阶段, 速率为0.56 ± 0.42°C (100 yr)−1, 但20世纪的气温记录可能并不是过去2000年未曾出现过的, 重建表明公元981–1100年和1201–1270年间的温暖程度可与之相比。 (3) 对中国东部所有百年尺度暖期的集合平均显示其旱涝格局呈三极空间分布: 25°N以南偏旱, 25°–30°N偏涝, 30°N以北偏旱; 而在所有百年尺度冷期旱涝格局则呈经向分布。 (4) 强厄尔尼诺–南方涛动和北大西洋年代际振荡是导致20世纪中国季风区降水增加的主要原因。 (5) 在中国东部, 蝗灾与温度及降水变化显著相关, 干冷气候条件下蝗灾较多; 北部地区的鼠疫与干湿变化呈正相关, 但南方地区的鼠疫却与干湿变化呈负相关。



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Chen, F., Y. Zhang, X. M. Shao, M. Q. Li, and Z.-Y. Yin, 2016: A 2000-year temperature reconstruction in the Animaqin mountains of the Tibet Plateau, China. Holocene, 26, 1904–1913, doi: 10.1177/0959683616646187.
Article 
    
                    Google Scholar 
                

	Chu, G. Q., Q. Sun, X. H. Wang, M. M. Liu, Y. Lin, M. M. Xie, W. Y. Shang, and J. Q. Liu, 2011: Seasonal temperature variability during the past 1600 years recorded in historical documents and varved lake sediment profiles from northeastern China. Holocene, 22(7), 785–792.
Article 
    
                    Google Scholar 
                

	Chu, G. Q., and Coauthors, 2013: Minor element variations during the past 1300 years in the varved sediments of Lake Xiaolongwan, north-eastern China. GFF, 135(3–4), 265–272, doi: 10.1080/11035897.2013.788550.
Article 
    
                    Google Scholar 
                

	Clette, F., L. Svalgaard, J. M. Vaquero, and E. W. Cliver, 2014: Revisiting the sunspot number: A 400-year perspective on the solar cycle. Space Sci. Rev., 186(1–4), 35–103.
Article 
    
                    Google Scholar 
                

	Cui, Y. F, Y. J. Wang, H. Cheng, K. Zhao, and X. G. Kong, 2012: Isotopic and lithologic variations of one precisely-dated stalagmite across the Medieval/LIA period from Heilong Cave, central China. Climate of the Past, 8(5), 1541–1550.
Article 
    
                    Google Scholar 
                

	Delaygue, G., and E. Bard, 2011: An Antarctic view of beryllium- 10 and solar activity for the past millennium. Climate Dyn., 36, 2201–2218.
Article 
    
                    Google Scholar 
                

	Duan, K. Q., T. D. Yao, N. L. Wang, B. Q. Xu, and L. G. Thompson, 2012: The unstable Holocene climatic change recorded in an ice core from the central Tibetan Plateau. Scientia Sinica Terrae, 42(9), 1441–1449. (in Chinese).

                    Google Scholar 
                

	Ge, Q., Z. Hao, J. Zheng, and X. Shao, 2013a: Temperature changes over the past 2000 yr in China and comparison with the Northern Hemisphere. Climate of the Past, 9(3), 1153–1160.
Article 
    
                    Google Scholar 
                

	Ge, Q. S., J. Y. Zheng, X. Q. Fang, Z. M. Man, X. Q. Zhang, P. Y. Zhang, and W.-C. Wang, 2003: Winter half-year temperature reconstruction for the middle and lower reaches of the Yellow River and Yangtze River, China, during the past 2000 years. Holocene, 13(6), 933–940.

                    Google Scholar 
                

	Ge, Q.-S., J.-Y. Zheng, Z.-X. Hao, X.-M. Shao, W.-C. Wang, and J. Luterbacher, 2010: Temperature variation through 2000 years in China: An uncertainty analysis of reconstruction and regional difference. Geophys. Res. Lett., 37, L03703, doi: 10.1029/2009GL041281.
Article 
    
                    Google Scholar 
                

	Ge, Q. S., J. Y. Zheng, Z. X. Hao, and H. L. Liu, 2013b: General characteristics of climate changes during the past 2000 years in China. Science China Earth Sciences, 56(2), 321–329.
Article 
    
                    Google Scholar 
                

	Ge, Q. S., Z. Hua, J. Y. Zheng, X. Q. Fang, L. B. Xiao, J. Liu, and B. Yang, 2015: Forcing and impacts of warm periods in the past 2000 years. Chinese Science Bulletin, 60(18), 1727–1734. (in Chinese)

                    Google Scholar 
                

	Ge, Q. S., J. Y. Zheng, Z. X. Hao, Y. Liu, and M. Q. Li, 2016: Recent advances on reconstruction of climate and extreme events in China for the past 2000 years. Journal of Geographical Sciences, 26(7), 827–854.
Article 
    
                    Google Scholar 
                

	Hao, Z. X., J. Y. Zheng, Q. S. Ge, and W.-C. Wang, 2011: Historical analogues of the 2008 extreme snow event over central and southern china. Climate Research, 50(2–3), 161–170.
Article 
    
                    Google Scholar 
                

	Hao, Z. X., J. Y. Zheng, Q. S. Ge, and X. Z. Zhang, 2012: Spatial patterns of precipitation anomalies for 30-yr warm periods in China during the past 2000 years. Acta Meteorologica Sinica, 26(3), 278–288.
Article 
    
                    Google Scholar 
                

	Hao, Z. X., D. Sun, and J. Y. Zheng, 2015: East Asian monsoon signals reflected in temperature and precipitation changes over the past 300 years in the middle and lower reaches of the Yangtze River. PLoS One, 10(6), e0131159.
Article 
    
                    Google Scholar 
                

	Hao, Z. X., J. Y. Zheng, X. Z. Zhang, H. L. Liu, M. Q. Li, and Q. S. Ge, 2016: Spatial patterns of precipitation anomalies in eastern china during centennial cold and warm periods of the past 2000 years. Int. J. Climatol., 36(1), 467–475.
Article 
    
                    Google Scholar 
                

	He, M. H., B. Yang, and N. M. Datsenko, 2014: A six hundredyear annual minimum temperature history for the central Tibetan Plateau derived from tree-ring width series. Climate Dyn., 43(3–4), 641–655.
Article 
    
                    Google Scholar 
                

	IPCC, 2007: Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Parry et al., Eds., Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 976 pp.

                    Google Scholar 
                

	IPCC, 2013: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change, Stocker et al., Eds., Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 1535 pp.

                    Google Scholar 
                

	Lan, Y., Z. X. Hao, and J. Y. Zheng, 2015: Variations of monthly precipitation in rainy season of Beijing since AD1724 derived from the “clear and Rain Records”. Journal of Chinese Historical Geography, 30(2), 41–46, 55. (in Chinese)

                    Google Scholar 
                

	Lean, J. L., 2010: Cycles and trends in solar irradiance and climate. WIREs Climate Change, 1, 111–122.
Article 
    
                    Google Scholar 
                

	Li, J. J., X. M. Shao, Y. Y. Li, and N. S. Qin, 2014: Annual temperature recorded in tree-ring from Songpan region. Chinese Science Bulletin, 59(15), 1446–1458. (in Chinese)
Article 
    
                    Google Scholar 
                

	Liao, H., X. B. Ren, Q. S. Ge, Z. W. Yan, Z. H. Lin, and T. J. Zhou, 2016: Climate warming and its sensitivity to CO2 concentrations—Progress on “climate sensitivity” group of CAS strategic priority research program “Climate change: Carbon budget and relevant issues”. Bulletin of Chinese Academy of Sciences, 31(1), 134–141. (in Chinese)

                    Google Scholar 
                

	Liu, J., B. Wang, M. A. Cane, S.-Y. Yim, and J.-Y. Lee, 2013: Divergent global precipitation changes induced by natural versus anthropogenic forcing. Nature, 493(7434), 656–659.
Article 
    
                    Google Scholar 
                

	Liu, X. Q., Z. T. Yu, H. L. Dong, and H.-F. Chen, 2014: A less or more dusty future in the Northern Qinghai-Tibetan Plateau? Sci. Rep., 4, 6672, doi: 10.1038/srep06672.
Article 
    
                    Google Scholar 
                

	Lü, D. R., and Z. L. Ding, 2012: Climate change: Carbon budget and relevant issues. Bulletin of Chinese Academy of Sciences, 27(3), 395–402. (in Chinese)

                    Google Scholar 
                

	Muscheler, R., J. Beer, G. Wagner, C. Laj, C. Kissel, G. M. Raisbeck, F. Yiou, and P. W. Kubik, 2004: Changes in the carbon cycle during the last deglaciation as indicated by the comparison of 10Be and 14C records. Earth and Planetary Science Letters, 219, 325–340.
Article 
    
                    Google Scholar 
                

	NRC (National Research Council), 2006: Surface Temperature Reconstructions for the Last 2, 000 Years. National Academies Press, Washington, DC, 160 pp.

                    Google Scholar 
                

	PAGES 2k Consortium, 2013: Continental-scale temperature variability during the past two millennia. Nature Geosci., 6, 339–346.
Article 
    
                    Google Scholar 
                

	Qin, D. H., J. Y. Zhang, C. C. Shan, and L. C. Song, 2015: China National Assessment Report on Risk Management and Adaptation of Climate Extremes and Disasters. Science Press, Beijing, 377 pp.

                    Google Scholar 
                

	Shao, X. M., 2012: A preliminary reconstruction of temperature in the eastern Qaidam Basin, northeaster Tibetan Plateau, China. Quaternary International, 279–280, 444.
Article 
    
                    Google Scholar 
                

	Steinhilber, F., J. Beer, and C. Fröhlich, 2009: Total solar irradiance during the Holocene. Geophys. Res. Lett., 36, L19704.
Article 
    
                    Google Scholar 
                

	Sun, L. G., and Coauthors, 2013: Preliminary evidence for a 1000- year-old tsunami in the South China Sea. Sci. Rep., 3, 1655.
Article 
    
                    Google Scholar 
                

	Tan, M., 2014: Circulation effect: response of precipitation δ18O to the ENSO cycle in monsoon regions of China. Climate Dyn., 42(3–4), 1067–1077.
Article 
    
                    Google Scholar 
                

	Tan, M., 2016: Circulation background of climate patterns in the past millennium: Uncertainty analysis and re-reconstruction of ENSO-like state. Science China Earth Sciences, 59(6), 1225–1241.
Article 
    
                    Google Scholar 
                

	Tang, G. L., Y. H. Ding, S. W. Wang, G. Y. Ren, H. B. Liu, and L. Zhang, 2010: Comparative analysis of China surface air temperature series for the past 100 years. Advances in Climate Change Research, 1(1), 11–19.
Article 
    
                    Google Scholar 
                

	Tao, S. C., and Coauthors, 2016: SST variation reconstructed by Sr/Ca ratio from corals around Xisha Islands since 1458. Proceeding of the 4th Conf. on Earth System Science, Shanghai, China, S03-O-07. (in Chinese)

                    Google Scholar 
                

	Tian, H. D., L. C. Stige, B. Cazelles, K. L. Kausrud, R. Svarverud, N. C. Stenseth, and Z. B. Zhang, 2011: Reconstruction of a 1,910-y-long locust series reveals consistent associations with climate fluctuations in China. Proc. Natl. Acad. Sci. USA, 108(35): 14521–14526.
Article 
    
                    Google Scholar 
                

	Vieira, L. E. A., S. K. Solanki, N. A. Krivova, and I. Usoskin, 2011: Evolution of the solar irradiance during the Holocene. Astronomy and Astrophysics, 531, A6.
Article 
    
                    Google Scholar 
                

	Wang, B., J. Liu, H.-J. Kim, P. J. Webster, S.-Y. Yim, and B. Q. Xiang, 2013: Northern hemisphere summer monsoon intensified by mega-El Ni˜no/Southern Oscillation and Atlantic Multidecadal Oscillation. Proc. Natl. Acad. Sci. USA, 110(14), 5347–5352.
Article 
    
                    Google Scholar 
                

	Wang, J. L., and B. Yang, 2014: General characteristics of temperature changes during the past 1200 years over the north hemisphere, the continents and China. Quaternary Sciences, 34(6), 1146–1155. (in Chinese)

                    Google Scholar 
                

	Wang, J. L., B. Yang, C. Qin, S. Y. Kang, M. H. He, and Z. Y. Wang, 2014: Tree-ring inferred annual mean temperature variations on the southeastern Tibetan plateau during the last millennium and their relationships with the Atlantic Multidecadal Oscillation. Climate Dyn., 43(3–4), 627–640.
Article 
    
                    Google Scholar 
                

	Wang, J. L., B. Yang, and F. C. Ljungqvist, 2015: A millennial summer temperature reconstruction for the eastern Tibetan Plateau from tree-ring width. J. Climate, 28(13), 5289–5304.
Article 
    
                    Google Scholar 
                

	Wang, S. W., X. Y. Wen, Y. Luo, W. J. Dong, Z. C. Zhao, and B. Yang, 2007: Reconstruction of temperature series of China for the last 1000 years. Chinese Science Bulletin, 52(23), 3272–3280.
Article 
    
                    Google Scholar 
                

	Xiao, D. M., N. S. Qin, J. J. Li, and Y. Y. Li, 2013: Variations of June air temperature derived from tree-ring records in 1713-2010 in Jinchuan, West Sichuan Plateau, China. Progressus Inquisitiones de Mutatione Climatis, 9(4), 252–257. (in Chinese)

                    Google Scholar 
                

	Xiao, D. M., N. S. Qin, J. J. Li, Y. Y. Li, and L. Mu, 2015: Change of mean temperature from July to September in northeast of western Sichuan Plateau Based tree-ring. Plateau Meteorology, 34(3), 762–770. (in Chinese)

                    Google Scholar 
                

	Xu, L., and Coauthors, 2011: Nonlinear effect of climate on plague during the third pandemic in China. Proc. Natl. Acad. Sci. USA, 108(25), 10214–10219.
Article 
    
                    Google Scholar 
                

	Yan, J. H., 2014: Characteristics of climate change in the middle and lower reaches of the Yellow River and Yangtze River of China since 1500 AD. PhD dissertation, University of Chinese Academy of Sciences, 96 pp. (in Chinese).

                    Google Scholar 
                

	Yang, B., A. Braeuning, K. R. Johnson, and Y. F. Shi, 2002: General characteristics of temperature variation in China during the last two millennia. Geophys. Res. Lett., 29(9), 1324.

                    Google Scholar 
                

	Yang, B., M. H. He, T. M. Melvin, Y. Zhao, and K. R. Briffa, 2013: Climate control on tree growth at the upper and lower treelines: A case study in the Qilian Mountains, Tibetan Plateau. PLoS One, 8(7), e69065.
Article 
    
                    Google Scholar 
                

	Zhang, Y, X. M. Shao, Z.-Y. Yin, and Y. Wang, 2014: Millennial minimum temperature variations in the Qilian Mountains, China: Evidence from tree rings. Climate of the Past, 10(5), 1763–1778.
Article 
    
                    Google Scholar 
                

	Zheng, J. Y., Z. X. Hao, X. Q. Fang, and Q. S. Ge, 2014a: Changing characteristics of extreme climate events during past 2000 years in China. Progress in Geography, 33(1), 3–12. (in Chinese)

                    Google Scholar 
                

	Zheng, J. Y., Z. X. Hao, X. Z. Zhang, H. L. Liu, M. Q. Li, and Q. S. Ge, 2014b: Drought/flood spatial patterns in centennial cold and warm periods of the past 2000 years over eastern China. Chinese Science Bulletin, 59(30), 2964–2971. (in Chinese)
Article 
    
                    Google Scholar 
                

	Zheng, J. Y., Y. Liu, Z. X. Hao, and Q. S. Ge, 2016: Phenological cold/warm events recorded in historical documents and quantitative proxies for winter temperature in Southern China during the past 500 years. Quaternary Sciences, 36(3), 690–701. (in Chinese)

                    Google Scholar 
                

	Zheng, J. Y., M. W. Wu, Q. S. Ge, Z. X. Hao, and X. Z. Zhang, 2017: Observed, reconstructed, and simulated decadal variability of summer precipitation over eastern China. Journal of Meteorological Research, 31(1), 49–60.
Article 
    
                    Google Scholar 
                

	Zhu, H.-F., X.-M. Shao, Z.-Y. Yin, P. Xu, Y. Xu, and H. Tian, 2011: August temperature variability in the southeastern Tibetan Plateau since AD 1385 inferred from tree rings. Palaeogeography, Palaeoclimatology, Palaeoecology, 305(1–4), 84–92.
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
This study was supported by the Strategic Priority Research Program of the Chinese Academy of Sciences (Grant No. XDA050800), the Key Program of the Chinese Academy of Sciences (Grant No. KJZD-EW-TZ-G10), and the National Natural Science Foundation of China (Grant No. 41671201 and 91525101).


Author information
Authors and Affiliations
	Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing, 100101, China
Quansheng Ge, Haolong Liu, Xiang Ma, Jingyun Zheng & Zhixin Hao

	University of Chinese Academy of Sciences, Beijing, 100049, China
Quansheng Ge, Jingyun Zheng & Zhixin Hao


Authors	Quansheng GeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Haolong LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xiang MaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jingyun ZhengView author publications
You can also search for this author in
                        PubMed Google Scholar



	Zhixin HaoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Zhixin Hao.


Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Ge, Q., Liu, H., Ma, X. et al. Characteristics of temperature change in China over the last 2000 years and spatial patterns of dryness/wetness during cold and warm periods.
                    Adv. Atmos. Sci. 34, 941–951 (2017). https://doi.org/10.1007/s00376-017-6238-8
Download citation
	Received: 18 October 2016

	Revised: 07 March 2017

	Accepted: 14 March 2017

	Published: 29 June 2017

	Issue Date: August 2017

	DOI: https://doi.org/10.1007/s00376-017-6238-8


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
                        


Key words
	temperature change
	dry-wet spatial pattern
	cold and warm periods
	last 2000 years
	China

关键词
	气温变化
	旱涝格局
	冷暖期
	过去2000年
	中国








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.81.46.140
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    