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Energy	Balance	



Surface	energy	balance	

Radia8on	budget	

IPCC,	2007	



Surface	energy	balance	

Radia8on	budget	

Rnet	=	(Kin	–	Kout)	+	(Lin	–	Lout)		

								=	(1	-	α)	Kin	+	σ	(εskyTsky4	-	εsurfTsurf4)		

- 	Shortwave	/	Longwave	radia8on	

- 	Incoming	/	outgoing	radia8on	

- 	Direct	/	diffuse	radia8on	

α 			Albedo	
σ 			Stefan	Boltzman	constant	
ε				Emissivity		



Surface	energy	balance	

Radia8on	budget	

“shortwave	radia.on	input,	albedo,	surface	
roughness,	and	surface	temperature	are	the	
parameters	that	most	strongly	influence	
radia.on	balance	and	therefore	net	
radia.on”	



Surface	energy	balance	

Radia8on	budget	

α 			Albedo	

Depends	on:	
- 	Wetness	
- 	Colour	
- 	Leaf	nitrogen	
- 	Ecosystem	structure	

- 	deep	canopy	
- 	smooth	canopy	

Snow-albedo	feedback?	



Surface	energy	balance	

Radia8on	budget	

α 			Albedo	

Snow-albedo	feedback	



Surface	energy	balance	

Radia8on	budget	

α 			Albedo	

visibleearth.nasa.gov	



Surface	energy	balance	

Par88oning	of	absorbed	radia8on	

-	Sensible	heat	flux	

- 	Latent	heat	flux	

- 	Ground	heat	flux	

Rnet	=	H	+	LE	+	G	+	ΔS		

H				Sensible	heat	flux	
L					Latent	heat	of	vaporiza8on	
E					Evapotranspira8on	
G				Ground	heat	flux	
ΔS			Storage	



Surface	energy	balance	

Par88oning	of	absorbed	radia8on	

Stored	heat	
	-	usually	small	
	-	accounts	for	ecosystem	growth	

Ground	heat	flux	
	-	usually	balances	day/night	
	-	higher	in	frozen	soils	
	-	higher	over	water	bodies	

Turbulent	fluxes	(Sensible/Latent	heat	flux)	
	-	convec8ve	turbulence	
	-	mechanical	turbulence	
	 	surface	roughness	
	 	coupling	to	bulk	air	



Surface	energy	balance	

Par88oning	of	absorbed	radia8on	

Bowen	raAo:	H	/	LE	
Depends	on:	

	-	wet/dry	system	
	-	species	characteris8cs	
	-	atm.	turbulence	(wind/roughness)	



Surface	energy	balance	



Model	representa8on	(CLM)	







CLM	surface	types	and	8ling	



CLM	surface	types	and	8ling	



CLM	PFT	parameters	







Water	Balance	



Global	water	balance	

Oki	and	Kanae,	2006	



Terrestrial	water	balance	



Overview	of	surface	water	budget	



Water	inputs	
PrecipitaAon	is	the	main	water	input	
- 	Rain	
- 	Snow	

Groundwater	

Canopy	intercepAon	
(fog)	



Water	inputs	



Water	movements	within	Ecosystems	

Water	movement	from	canopy	to	soil	

- 	Canopy	intercep8on	
- 	canopy	area/LAI	
- 	dry/wet	systems	
- 	land	use	change	

-	Throughfall	

-	Stemflow	

-	Fog	dew	forma8on	

“	In	general,	canopy	intercep>on	reduces	water	
input	to	soils,	especially	from	light	rains.	Only	
in	the	presence	of	fog	does	canopy	intercep>on	
augment	water	inputs	to	soils.”		



Water	movements	within	soils	

Water	storage	and	movement	in	soil	

Soil	water	stored	in	thin	water	films	

Movement	along	a	poten8al	gradient	

Ψt	=	Ψp	+	Ψo	+	Ψm		

Ψt			water	potenAal	
Ψp			pressure	potenAal	
Ψo			osmoAc	potenAal	
Ψm		matric	potenAal				



Water	movements	within	soils	

Water	storage	and	movement	in	soil	

Soil	water	stored	in	thin	water	films	

Movement	along	a	poten8al	gradient	

Ψt	=	Ψp	+	Ψo	+	Ψm		

Ψt			water	potenAal	
Ψp			pressure	potenAal	
Ψo			osmoAc	potenAal	
Ψm		matric	potenAal				

“Pressure	gradients	associated	with	
gravity	and	matric	forces	control	most	
water	movement	through	soils.“	



Water	movements	within	soils	

Water	storage	and	movement	in	soil	

InfiltraAon	of:	
- 	Rainwater	
- 	Snowmelt	

into	macropores	



Water	movements	within	soils	

Water	storage	and	movement	in	soil	

InfiltraAon	of:	
- 	Rainwater	
- 	Snowmelt	

into	macropores	

Field	capacity	

Permanent	wilAng	point	



Water	movements	within	soils	

Water	movement	from	soil	to	roots	

“Water	moves	from	soil	to	the	roots	of	
transpiring	plants	by	flowing	from	high	
to	low	water	poten>al”		

Root	hairs	and	mycorrhizal	hypae	

Roo8ng	depth	of	plants	



Water	movements	within	soils	

Water	movement	from	soil	to	roots	

Roo8ng	depths	



Water	movements	within	Ecosystems	

Water	movement	from	soil	to	roots	



Water	movements	within	Ecosystems	

Water	movement	through	plants	
Soil	!"	Roots	"	Stems	"	Leaves	

Stomata	 “The	vapor-pressure	gradient	from	the	leaf	
surface	to	the	atmosphere	is	the	driving	force	
for	water	movement	through	plants”		

CavitaAon	



Water	movements	within	Ecosystems	

Water	movement	through	plants	



Water	losses	

EvaporaAon		
from	wet	canopies	

P	+	ΔS	=	E	+	R		

P						Precipita8on	
ΔS			Changes	in	water	storage	
E						Evapotranspira8on	
R						Runoff	

EvapotranspiraAon		
from	dry	canopies	

Surface	roughness	
Climate	(prec./vpd)	
LAI	

Diffusion	
			-	surface	conductance	
									leaf	stomata	/	soil	surf.	proper8es	
Turbulent	mixing	
			-	boundary	layer	conductance	
									ecosystem	structure	/	soil	moisture	



“As	soil	moisture	declines,	the	control	over	
evapotranspira>on	shiLs	from	canopy	
structure	to	soil	moisture”		

Water	losses	



Water	losses	
Changes	in	storage	

Snowpack	
-	sustains	evapora8on	
- 	seasonal	
- 	affected	by	climate	/	plants	

Groundwater	
- 	inaccessible	water	below	certain	depths	
- 	influences	salinity	
- 	affected	by	climate	/	human	ac8vi8es	

- 	drying	climate	
- 	wells	
- 	change	in	plant	types	



Water	losses	
Runoff	

Depends	on:	
-	precipita8on	

	varia8on/frequency	
- 	evapotranspira8on	

vegeta8on	
- 	soil	type	

fine/coarse	soil	
frozen	soil	

- 	climate	
snowpack	

-	topography	

Leaover	water	from	storage	and	evapotranspira8on	



Water	losses	
Runoff	



Water	losses	
Runoff	

Ekici	et	al.,	2014	

Effect	of	snow	melt	on	runoff	8ming	and	intensity	



Model	representa8on	(CLM)	











Final	thoughts	



EvoluAon	of	land	models	



EvoluAon	of	land	models	



EvoluAon	of	land	models	



EvoluAon	of	land	models	



CLM	



Chadburn	et	al.,	2015	

Ekici	et	al.,	2014	

JSBACH	model	(MPI-ESM,	Germany)	

JULES	model	(UK-ESM,	UK)	
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