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New theory on moisture recycling 



Traditional Approaches 
Budyko (1974); Brubaker (1993); Trenberth (1999) 

Eltahir and Bras (1994) 

scale independent local 
method 

Schär (1999) 

Savenije (1995) 

scale dependent bulk method 
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Point Recycling across Sahel 

Savenije (1995), P&CoE 

But was this right ? 



Global analysis of Reanalysis data 

40% of P recycles globally 
57% of E recycles globally ! 
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Atmospheric Moisture Content 



Moisture recycling per basin 
Basin Precipitation of 

Terrestrial Origin (%) 

Internally 
recycled 

moisture (% ) 

 
Basin size 

         (km2) 

São Francisco 38.5 10.7 
636,920 

Volta 59.1 9.6 414,000 

Niger 61.6 14.9 2,273,946 

Nile 46.3 19.9 3,030,300 

Limpopo 39.9 10.8 412,938 

Indus 56.5 16.1 1,165,000 

Ganges-
Brahmaputra 47.1 17.7 

1,487,000 

Mekong 27.3 7.9 795,000 

Yellow 70.5 10.7 742,443 

Note: Global average: 40% of terrestrial origin 



Relation between  
Internal moisture recycling and size 

Area Size vs. Internally Recycled Moisture
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Terrestrial Origin not related to size ! 
Recycling as function of Basin Size
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Moisture recycling per basin 
Basin Precipitation of 

Terrestrial Origin (%) 

Internally 
recycled 

moisture (% ) 

 
Basin size 

         (km2) 

São Francisco 38.5 10.7 
636,920 

Volta 59.1 9.6 414,000 

Niger 61.6 14.9 2,273,946 

Nile 46.3 19.9 3,030,300 

Limpopo 39.9 10.8 412,938 

Indus 56.5 16.1 1,165,000 

Ganges-
Brahmaputra 47.1 17.7 

1,487,000 

Mekong 27.3 7.9 795,000 

Yellow 70.5 10.7 742,443 

Note: Global average: 40% of terrestrial origin 



What is the effect of Land Use 
on Moisture Recycling ? 



Most vulnerable regions 

• Collabora'on	  with	  Patrick	  Keys	  (Stockholm	  Environmental	  Ins'tute)	  





The Precipitationshed 



Most vulnerable regions 

Northern	  China	  	  
	  
Western	  Sahel	  
	  
	  







Is there already an effect? 

We	  compared	  Natural	  and	  Current	  vegeta'on	  

• Work	  by	  Revekka	  Nikoli	  (master	  student)	  



Difference between Natural and Present 
 



10-year average annual E difference (1997-2006) 



January Evaporation difference 



July Evaporation difference 



Difference in Precipitation 



10-year average Continental P difference 



January Continental P difference 



July Continental P difference 



Further reading  
•  van	  der	  Ent,	  R.	  J.,	  H.	  H.	  G.	  Savenije,	  B.	  Schaefli,	  and	  S.	  C.	  Steele-‐Dunne	  (2010),	  
Origin	  and	  fate	  of	  atmospheric	  moisture	  over	  con'nents,	  Water	  Resources	  
Research,	  46(9),	  W09525,	  doi:10.1029/2010WR009127.	  
hYp://www.agu.org/journals/wr/wr1009/2010WR009127/	  	  

•  van	  der	  Ent,	  R.	  J.,	  and	  H.	  H.	  G.	  Savenije	  (2011),	  Length	  and	  'me	  scales	  of	  
atmospheric	  moisture	  recycling,	  Atmospheric	  Chemistry	  and	  Physics,	  11(5),	  
1853-‐1863,	  doi:10.5194/acp-‐11-‐1853-‐2011.	  
hYp://www.hydrol-‐earth-‐syst-‐sci-‐discuss.net/8/8315/2011/
hessd-‐8-‐8315-‐2011.html	  	  

•  Keys,	  P.,	  R.	  J.	  van	  der	  Ent,	  L.	  Gordon,	  H.	  Hoff,	  R.	  Nikoli	  and	  H.	  H.	  G.	  Savenije,	  
Land	  cover	  in	  precipita'onsheds	  reveals	  vulnerability	  of	  dryland	  rainfed	  
agricultural	  regions,	  Biogeosciences	  Discussion.	  



Thank you 



Five characteristic pixels 
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Nepal
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Remaining questions 

•  Difference between fast and slow (=green) 
evaporation 

•  Second order effects 
•  Ways to combat land degradation 



Bringing the scales together 






