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                    Abstract
The budgets of momentum, heat and moisture of the atmospheric boundary layer overlying the melting zone of the west Greenland ice sheet during an 8-day period in summer are calculated. To do so, the governing budget equations are derived and presented in terms of vertically averaged quantities. Moreover, stationarity is assumed in the present study. Measurements collected during the GIMEX-91 experiment are used to calculate the contribution of the different terms in the equations to the budget.
During summer, a well developed katabatic wind system is present over the melting zone of the Greenland ice sheet. The budgets show that advection in the katabatic layer is small for momentum, heat and humidity, when the horizontal length scale of the integration area is sufficiently large (>50 km). This indicates that in principle one-dimensional atmospheric models can be used to study the boundary layer over the melting zone of the Greenland ice sheet. The background stratification plays a crucial role in the heat and moisture budget. Vertical divergence of longwave radiation provides one-third and the turbulent flux of sensible heat the rest of the cooling of the boundary layer. Moisture is added to the boundary layer by evaporation which is a significant term in the moisture budget. Negative buoyancy (katabatic forcing) dominates the momentum budget in the downslope direction. Coriolis forcing is important, stressing the large spatial scale of the katabatic winds on the Greenland ice sheet.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Air—Surface Turbulent Heat Exchange in the Antarctic Coastal Zone Derived from Instrumental Observations
                                        
                                    

                                    
                                        Article
                                        
                                         01 February 2020
                                    

                                

                                I. A. Repina & A. Yu. Artamonov

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A Quasi-Linear Relationship between Planetary Outgoing Longwave Radiation and Surface Temperature in a Radiative-Convective-Transportive Climate Model of a Gray Atmosphere
                                        
                                    

                                    
                                        Article
                                        
                                         25 November 2023
                                    

                                

                                Jie Sun, Michael Secor, … Xiaoming Hu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The effects of the unified parameterization in the CWBGFS: the diurnal cycle of precipitation over land in the Maritime Continent
                                        
                                    

                                    
                                        Article
                                        
                                         28 July 2021
                                    

                                

                                Chun-Yian Su, Chien-Ming Wu, … Jen-Her Chen

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Ambach, W.: 1977, ‘Untersuchungen zum energieumsatz in der ablationszone des Grönländische inlandeises’,Expedition Glaciologique Internationale au Groenland
4, No. 5, Bianco Lunos Bogtrykkeri A/S København, pp. 63.

                    Google Scholar 
                

	Ball, F. K.: 1956, ‘The Theory of Strong Katabatic Winds’,Aust. J. Phys.
9, 373–386.

                    Google Scholar 
                

	Cerni, T. A. and Parish, T. R.: 1984, ‘A Radiative Model of the Stable Nocturnal Boundary Layer with Application to the Polar Night’,J. Clim. Appl. Meteorol.
22, 79–91.

                    Google Scholar 
                

	Duynkerke, P. G.: 1991, ‘Radiation Fog: a Comparison of Model Simulation with Detailed Observations’,Mon. Wea. Rev.
119, 324–341.

                    Google Scholar 
                

	Duynkerke, P. G. and van den Broeke, M. R.: 1994, ‘Surface Energy Balance and Katabatic Flow over Glacier and Tundra during GIMEX-91’,Global and Planetary Change
9, 17–28.

                    Google Scholar 
                

	Gallée, H. and Schayes, G.: 1992 ‘Dynamical Aspects of Katabatic Winds Evolution in the Antarctic Coastal Zone’,Boundary-Layer Meteorol.
59, 141–161.

                    Google Scholar 
                

	Greuell, W.: 1992,Numerical Modelling of the Energy Balance and the Englacial Temperature at the ETH Camp, West Greenland, Zürcher Geographische Schriften 51, ETH Zürich, 81 pp.

                    Google Scholar 
                

	Heinemann, G.: 1988, ‘On the Structure and Energy Budget of the Boundary Layer in the Vicinity of the Filchner Ronne Ice Shelf Front (Antartica)’,Beitr. Phys. Atmosph.
61(3), 244–258.

                    Google Scholar 
                

	Henneken, E. A. C., Bink, N. J., Vugts, H. F., Cannemeijer, F., and Meesters, A. G. C. A.: 1994, ‘A Case Study of the Daily Energy Balance at the VU-GIMEX Camp’,Global and Planetary Change
9, 69–78.

                    Google Scholar 
                

	King, J. C.: 1989, ‘Low-level Wind Profiles at an Antarctic Coastal Station’,Antarctic Science
1(2), 169–178.

                    Google Scholar 
                

	Kodama, Y., Wendler, G., and Ishikawa, N.: 1989, ‘The Diurnal Variation of the Boundary Layer in Summer in Adélie Land, Eastern Antarctica’,J. Appl. Meteorol.,28, 16–24.

                    Google Scholar 
                

	Kottmeier, C.: 1988, ‘Atmosphärische Strömungsvorgänge am Rande der Antarktis’,Berichte des Institutes für Meteorologie und Klimatologie der Universität Hannover, Band 33.

	Loewe, F.: 1935, ‘Das klima des Grönländischen inlandeises’, in:Handbuch der Klimatologie,2(K), 67–101.

	Loewe, F.: 1974, ‘Considerations Concerning the Winds of Adelie Land’,Zeitschrift für Gletscherkunde und Glazialgeologie
X, 189–197.

                    Google Scholar 
                

	Mahrt, L.: 1982, ‘Momentum Balance of Gravity Flow’,J. Atmos. Sci.
39, 2701–2711.

                    Google Scholar 
                

	Manins, P. C. and Sawford, B. L.: 1979, ‘Katabatic Winds: a Field Case Study’,Q.J.R. Met. Soc.
105, 1011–1025.

                    Google Scholar 
                

	McClatchey, R. S. W., Fenn, R. W., Selby, J. E., Volz, F. E., and Gainge, J. S.: 1972, ‘Optical Properties of the Atmosphere’, 3rd ed. AFCRL-72-0487, 113 pp.

	Munro, D. S. and Davies, J. A.: 1978, ‘On Fitting the Log-linear Model to Wind Speed and Temperature Profiles over a Melting Glacier’,Boundary-Layer Meteorol.,15, 423–437.

                    Google Scholar 
                

	Oerlemans, J. and van der Veen, C. J.: 1984,Ice Sheets and Climate, D. Reidel Publishing Company, Dordrecht, 217 pp.

                    Google Scholar 
                

	Oerlemans, J. and Fortuin, J. P. F.: 1992, ‘Sensitivity of Glaciers and Small Ice Caps to Greenhouse Warming’,Science
258, 115–117.

                    Google Scholar 
                

	Oerlemans, J. and Vugts, H. F.: 1993, ‘A Meteorological Experiment in the Melting Zone of the Greenland Ice Sheet’,Bull. Am. Meteorol. Soc.
74(3), 355–365.

                    Google Scholar 
                

	Oerlemans, J.: 1993, ‘Possible Changes in the Mass Balance of the Greenland and Antarctic Ice Sheets and Their Effects on Sea Level’, in Warrick, Barrow and Wigley (eds.),Climate and Sea Level Change, Cambridge, U.K.

	Ohata, T., Kobayashi, S., Ishikawa, N., and Kawaguchi, S.: 1985, ‘Structure of the Katabatic Winds at Mizuho Station, East Antarctica’,J. Geophys. Res.
90, 10651–10658.

                    Google Scholar 
                

	Ohata, T.: 1989a, ‘Katabatic Wind on Melting Snow and Ice Surfaces-I: Stationary Glacier Wind on a Large Maritime Glacier’,J. Met. Soc.Japan
67(1), 99–112.

                    Google Scholar 
                

	Ohata, T.: 1989b, ‘The Effect of Glacier Wind on Local Climate, Turbulent Heat Fluxes and Ablation’,Zeitschrift für Gletscherkunde und Glazialgeologie
25, 49–68.

                    Google Scholar 
                

	Ohmura, A.: 1987, ‘New Temperature Distribution Maps for Greenland’,Zeitschrift für Gletscherkunde und Glazialgeologie
23, 1–45.

                    Google Scholar 
                

	Parish, T. R. and Waight, K. T.: 1987, ‘The Forcing of Antarctic Katabatic Winds’,Mon. Wea. Rev.
115, 2214–2226.

                    Google Scholar 
                

	Parish, T. R. and Bromwich, D. H.: 1991, ‘Continental-scale Simulation of the Antarctic Katabatic Wind Regime’,J. Climate
4, 135–146.

                    Google Scholar 
                

	Pettré, P. and André, J. C.: 1991, ‘Surface Pressure Change Through Loewe's Phenomena and Katabatic Flow Jumps: Study of Two Cases in Adélie Land, Antarctica’,J. Atmos. Sci.
48(4), 557–571.

                    Google Scholar 
                

	Putnins, P.: 1970, ‘The Climate of Greenland’, in S. Orvig (ed.),World Survey of Climatology, the Climate of the Polar Regions, Vol. 17. Elsevier, Amsterdam.

                    Google Scholar 
                

	Schwerdtfeger, W.: 1972, ‘The Vertical Variation of the Wind Through the Friction-Layer over the Greenland Ice Cap’,Tellus
XXIV(1), 13–16.

                    Google Scholar 
                

	Sorbjan, Z., Kodama, Y. and Wendler, G.: 1986, ‘Observational Study of the Atmospheric Boundary Layer over Antarctica’,J. Climate Appl. Meteorol.
25, 641–651.

                    Google Scholar 
                

	Stenning, A. J., Banfield, C. E., and Young, G. J.: 1981, ‘Synoptic Controls over Katabatic Layer Characteristics above a Melting Glacier’,J. Climatol.
1, 309–324.

                    Google Scholar 
                

	Streten, N. A., Ishikawa, N., and Wendler, G.: 1974, ‘Some Observations of the Local Wind Regime on an Alaskan Artic Glacier’,Arch. Met. Geoph. Biokl.
B22, 337–350.

                    Google Scholar 
                

	Tjemkes, S. A. and Duynkerke, P. G.: 1989, ‘The Nocturnal Boundary Layer: Model Calculations Compared to Observations’,J. Appl. Meteorol.
28, 161–175.

                    Google Scholar 
                

	Van de Wal, R. S. W. and Oerlemans, J.: 1994, ‘An Energy Balance Model for the Greenland Ice Sheet’,Global and Planetary Change
9, 115–132.

                    Google Scholar 
                

	Van de Wal, R. S. W. and Russell, A. J.: 1994, ‘A Comparison of Energy Balance Calculations, Measured Ablation and Meltwater Runoff near Søndre Strømfjord, West Greenland’,Global and Planetary Change,9, 29–38.

                    Google Scholar 
                

	Van den Broeke, M. R., Duynkerke, P. G., and Oerlemans, J.: 1994, ‘The Observed Katabatic Flow at the Edge of the Greenland Ice Sheet during GIMEX-91’,Global and Planetary Change,9, 3–16.

                    Google Scholar 
                

	Wendler, G. N. and Kodama, Y.: 1985, ‘Some Results of Climatic Investigations of Adelie Land, Eastern Antarctica’,Zeitschrift für Gletscherkunde und Glazialgeologie
21, 319–3217.

                    Google Scholar 
                

	Wendler, G., Ishikawa, N., and Kodama, Y.: 1988, ‘The Heat Balance of the Icy Slope of Adélie Land, Eastern Antarctica’,J. Appl. Meteorol.
27, 52–65.

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Institute for Marine and Atmospheric Research Utrecht, Utrecht University, Utrecht, The Netherlands
Michiel R. Van Den Broeke & Peter G. Duynkerke

	Faculty of Earth Sciences, Free University, Amsterdam, The Netherlands
Edwin A. C. Henneken


Authors	Michiel R. Van Den BroekeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter G. DuynkerkeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Edwin A. C. HennekenView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Van Den Broeke, M.R., Duynkerke, P.G. & Henneken, E.A.C. Heat, momentum and moisture budgets of the katabatic layer over the melting zone of the west Greenland ice sheet in summer.
                    Boundary-Layer Meteorol 71, 393–413 (1994). https://doi.org/10.1007/BF00712177
Download citation
	Revised: 06 May 1994

	Issue Date: December 1994

	DOI: https://doi.org/10.1007/BF00712177


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
                        


Keywords
	Boundary Layer
	Advection
	Atmospheric Boundary Layer
	Longwave Radiation
	Large Spatial Scale








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.91.53.200
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    