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Evaporation the the Global 
Energy Balance

• 	diagnose	 the	 influence	 of	 the	 land	 surface	 on	 air	
temperature	

• 	constrain	 es5mates	 of	 convec5on	 and	 cloud	 forma5on	
in	the	troposphere	

• 	understand	 the	 relevance	 of	 water	 vapour,	 lapse	 rate	
and	cloud	feedbacks		

• 	unravel	 the	 two-way	 interac5on	 between	 vegeta5on	
and	climate	

• 	monitor	 drought	 and	 heatwave	 occurrence	 and	 their	
impacts	

• 	benchmark	 climate	 model	 representa5on	 of	 these	
processes	

Wild et al., 2012



Evaporation over the ocean

Yu and Weller, 2007



Evaporation over land

Miralles et al., 2013



Relevance 
•Revealing	the	response	of	natural	and	managed	ecosystems	to	changes	in	climate	and	water	availability,	

and	the	extent	to	which	λE	can	be	applied	to	monitor	these	changes.	

•Demonstra5ng	how	much	water	different	ecosystems	consume,	what	is	the	5ming	of	this	consump5on,	
and	how	water	stress	regulates	their	photosynthesis	and	produc5vity.	

•Unraveling	the	par55oning	of	con5nental	λE	 into	transpira5on,	soil	evapora5on,	and	intercep5on,	and	
how	 these	 components	 are	differen5ally	 impacted	by	a	 changing	 temperature,	CO2,	 and	hydrologic	
regime.	

•Monitoring	the	redistribu5on	of	λE	at	planetary	scales,	and	assess	the	implica5ons	of	this	redistribu5on	
on	the	strengthening	or	weakening	of	the	global	hydrological	cycle.	

•Determining	how	changes	in	λE	amplify	or	dampen	climate	feedbacks,	 land-atmosphere	coupling,	and	
hydrometeorological	extremes	at	local	to	regional	scales.	

• Illustra5ng	the	extent	to	which	λE	observa5ons	can	help	constrain	and	improve	short-term	and	seasonal	
weather	predic5on	and	future	climate	projec5ons	at	mul5-annual	or	mul5-decadal	5mescales.	

•Unifying	research	on	global	water,	carbon,	and	energy	cycles	using	λE	as	a	linking	variable.	
•Using	λE	monitoring	 as	 a	 tool	 to	 op5mize	 sustainable	water	 alloca5ons,	 agricultural	 water	 use,	 food	

produc5on	 and	 ecosystem	management,	 and	 thus	 to	 help	 design	 strategies	 to	 guaranty	water	 and	
food	security.



LandFlux-EVAL	mul5-data	set	synthesis		

• Several long term estimates 
available 

• Still differences between sets 

• Vary from diagnostic to LSM to 
reanalyses products  

•  Provide benchmarks

Mueller et ., 2013



Over ocean
• Long term evaporation sets 

available 

• Importance in determining 
salinity of the ocean (P-E) 

• Largest return flux to the 
atmosphere 

• Source area for precipitation 

• P-E<0 provides runoff of rivers

Yu et al. 2008



Evaporation in climate: 
requirements 

• Accuracy:	increased	accuracy	is	necessary	to	allow	for	improved	differen5a5on	of	water	use	and	water	stress	
among	 different	 crops,	 species,	 and	 ecosystems,	 as	 well	 as	 to	 enable	more	 efficient	 water	management	
(Goal:	less	than	10%	rela5ve	error).	

• Spa5al	 resolu5on:	 the	 length	 scales	 required	 to	 detect	 spa5ally	 heterogeneous	 responses	 to	 water	
environments	must	consider	the	“field-scale”	of	agricultural	plots,	narrow	riparian	zones,	and	mixed-species	
forest/ecosystem	assemblages	(Goal:	10–100	m).	

• Temporal	 resolu5on:	 land	 λE	 is	 highly	 variable	 in	 5me,	 since	 it	 is	 controlled	 by	 the	 daily	 cycle	 of	 the	
atmospheric	boundary	 layer	and	by	vegeta5on.	Both	climate	and	water	management	applica5ons	 require	
informa5on	to	be	provided	at	sub-daily	scales,	as	well	as	near	real-5me	(Goal:	sub-daily,	latency	of	less	than	
1	month).	

• Spa5al	coverage:	global	coverage	enables	detec5on	of	large-scale	droughts,	is	necessary	to	understand	climate	
feedbacks,	 is	 required	 to	 close	 the	 global	 water	 and	 energy	 budgets,	 and	 ensures	 consistency	 and	
dependability	in	measurements	across	regions	and	shared	resources	(Goal:	global	con5nental	surface).	

• Long-term	monitoring:	to	assess	climate	trends	and	their	impact	on	the	heat,	water	and	carbon	cycles	over	the	
con5nents,	it	is	required	to	monitor	over	mul5-decadal	scales	(Goal:	decadal	scale	mission	and	data	science	
con5nuity).	

• Algorithm	 quality:	 as	 men5oned	 in	 Sec5on	 4,	 current	 methods	 to	 monitor	 global	 λE	 show	 important	
discrepancies	amongst	each	other,	some	of	them	resul5ng	from	the	assumed	scale	invariance	when	these	
methods,	that	were	originally	derived	at	local	scales,	are	applied	globally.



In Summary
• Evaporation is a key component in the climate and 

hydrological cycle 

• It cannot be observed directly from space 

• Over land FLUXNET provides key process information 
and calibration data 

• Several “mature” products exist (stimulated by GEWEX 
initiatives) over land and ocean 

• Evaporation is an important and essential climate variable 


