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1.	Vegeta'on	is	an	ac've	player	in	climate	change	 

From: http://earthobservatory.nasa.gov/GlobalMaps/index.php 

Outlines 

•  Plants	as	an	ac've	player	in	Earth	System		

•  Represent	plants	in	the	land	surface	mode	
–  From	individual	plant		to	a	model	grid	cell:		plant	func-onal	types	&	sub-grid	

structure	

–  From	simple	to	complex:	different	approaches	in	modeling	plant	

–  Biogeophysical	processes:	Energy	flux,	Water,	Photosynthesis	

–  Biogeochemical	processes:	Carbon	alloca-ons,	Nitrogen	cycle,	Phenology	

–  Plant	geography	&	Vegeta'on	dynamics:	Establishment	&	survival;	Disturbance	

(e.g.,	fire);	Light	compe--on;	PFT	vs.	Trait-Based	approach	

•  Examples	of	vegeta'on	simulatons	using	CLM4.5	
–  Single-column	simula-on	of	C3	grass	using	CLM4.5-BGC	

–  Global	simula-on	of	vegeta-on	cover	over	the	Arc-c	using	CLM4.5-BGCDV 
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Bonan	et	al.	2008 

Plant	as	an	ac've	player	in	Earth	System	 

Climate 



How	to	represent	plants	in	Land	Surface	Model? 

•  Spa'al	scale:	From	Individual	plant	(0.1-10	m)	

to	a	typical	model	grid	cell	(1	-	100	km). 
•  Temporal	scale:	From	30	min	to	decades	(with	

or	withouth	vegeta-on	dynamic)	
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Model scale 



Plant	func'onal	types 

•  PFT:	A	classifica'on	of	plants	according	to	their	physical,	phylogene'c	
and	phenological	characteris'cs	to	develop	a	vegeta'on	model	for	use	in	
land	use	studies	and	climate	models.		

•  Plants	in	each	PFT	are	assumed	to	have	the	same	physical,	physiological	or	

phenological	characteris-cs/parameters/traits.	
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PFT1 

PFT2 



Parameters/traits	for	different	PFTs	in	CLM4.5	 
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Sub-Model	Grid	Structures:	an	example	of	CLM4.5	 

Oleson et al. 2013 
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Bonan	et	al.	2008 

Plant	as	an	ac've	player	in	Earth	System	 

Climate 



	Represen'ng	plants	in	the	model:	from	simple	to	complex 

10 05/10/17 

Pren-ce	et	al.	2007 



Represen'ng	plants	in	the	model:	from	simple	to	complex 

•  Simple	fixed	parameteriza'on	of	a	plant	property/process	based	on	
observa-on	or	laboratory	findings.	

•  Empirical	rela'onships	between	a	plant	property/process	and	its	influencing	
factors.	

–  Large	sample	of	real	world	

–  Manipula-on	experiments	

•  Mechanis'cal	descrip'on	of	a	plant	property/process	based	on	the	
understanding	of	plant	physiology	(e.g.,	photosynthesis).	

•  Op'mality	theory:	Plants	are	ra-onal	actors,	on	average.		
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Represen'ng	plants	in	the	model:	from	simple	to	complex 

CLM4.5-BGCDV		
Ø  CN	cycle	

Ø  vegeta-on

	dynamics	

Ø  ver-cal-layer	soil

	biogeochemistry

	based	on	CENTURY

	model	

Oleson et al. 2013 

Op'ons	of	CLM4.5	
Ø  SP	
Ø  C	only	
Ø  CN	
Ø  CNDV	
Ø  BGC	
Ø  BGCDV	

3.1.	Stand-alone	DGVM	run 
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Represen'ng	plants	in	the	model:	Biogeophysical	Processes 
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•  Surface	energy	fluxes:	
–  Albedo,	Emiced	longwave/short	

wave	radia-on	

–  Sensible/latent	heat	flux	

–  wind,	momentum	flux	

•  Required	PFT	parameters:	

–  Op-cal	proper-es:	e.g.,	leaf	

angle,	reflectance,	transmicance	

–  Morphological	proper-es:	Leaf	

area	index,	stem	area	index,	

Roughness	length,	Canopy	top/

bocom	height	

•  Theory/hypothese/assump-ons	

applied:	

–  ”Big-leaf”	canopy		

–  Fourier’s	law	(heat	conduc-on)	

	



”Big-leaf”	Canopy 
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”Big-leaf”	Canopy	vs.		”Mul'-layer”	Canopy 
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”Big-leaf”	Canopy	vs.		”Mul'-layer”	Canopy 

Slide courtesy G. Bonan 
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”Big-leaf”	Canopy	vs.		”Mul'-layer”	Canopy 

Slide courtesy G. Bonan 



Represen'ng	plants	in	the	model:	Biogeophysical	Processes 
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•  Hydrology	

–  stomatal	conductance,	

–  Evaportranspira-on	

–  water	intercep-on	

–  Soil	water	stress	

•  Required	vegeta-on	parameters:	

–  Root	depth	and	distribu-on	

•  Theory/hypothese/assump-ons	

applied	(Plant	physiology):	

–  Penman-Monteith	equa-on		

–  Ball-Berry	stomatal	conductance	

model	

•  Photosynthesis	
–  Farquhar	model 



Stomatal	conductance:	Ball-Berry	model	 

19 05/10/17 Slide courtesy G. Bonan 



Stomatal	conductance:	Ball-Berry	model	 

CO2 partial pressure 

Leaf surface humidiy 

Soil water stress 

PFT dependent
 parameter 

Leaf stomatal conductance is coupled to leaf  
photosynthesis similar to Collatz et al. (1991, 1992) 

Oleson et al. 2013 



Root	distribu'on	and	soil	water	stress 

Oleson et al. 2013 



Root	distribu'on	and	soil	water	stress:	BTRAN 

Oleson et al. 2013 
Figure courtesy D. Kennedy 



Represen'ng	plants	in	the	model:	Biogeochemical	Processes 
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•  Photosynthesis	
•  Carbon/Nitrogen	alloca'on	

•  Plant	phenology	

•  Biogenic	VOC	emissions	

•  Required	vegeta-on	parameters:	

–  C:N	ra-os	of	different	parts	of	

plant	

–  Alloca-on	ra-o	of	different	parts	

of	plant		

•  Theory/hypothese/assump-ons	

applied:	

–  Fixed	alloca-on	ra-o	and	N	

requirement	(CLM4.5)	

–  Flexibe	C:N	ra-o	

	



Vegeta'on	carbon	Pools	&	Fluxes	in	CLM 

Oleson et al. 2013 



Carbon	and	Nitrogen	Alloca'on	in	CLM4.5	

•  Three	steps:		
–  Evaluate	the	poten-al	alloca-on	of	carbon	and	nitrogen	assuming	an	

unlimited	nitrogen	supply	

–  	Actual	nitrogen	supply	is	compared	against	the	demand.	

–  	Alloca-on	of	carbon	and	nitrogen	are	reduced,	if	necessary,	to	match	

nitrogen	supply	and	demand.		

•  There	are	two	carbon	pools	associated	with	each	plant	'ssue		
–  	One	represents	currently	displayed	-ssue	

–  	One	represents	carbon	stored	for	display	in	a	subsequent	growth	period	

–  	Separa-on	between	the	two	depends	on	the	parameter	fcur	(values	0	to	1).		



Carbon	and	Nitrogen	Alloca'on	in	CLM4.5 
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Oleson et al. 2013 



27 05/10/17 Slide courtesy R. Q. Thomas 
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New	carbon	and	nitrogen	alloca'on	in	CLM5 

29 05/10/17 Slide courtesy R. Fisher 



Represen'ng	plants	in	the	model:	Biogeochemical	Processes 

•  Phenology:	PFTs	are	classified	into	three	dis-nct	phenological	type.	

-  	evergreen	type:	annual	leaf	growth	persists	in	the	displayed	pool	for	longer	than
	one	year	

-  	seasonal-deciduous	type:	single	growing	season	per	year,	controlled	mainly	by

	temperature	and	daylength;	

-  	stress-deciduous	type:	the	poten-al	for	mul-ple	growing	seasons	per	year,

	controlled	by	temperature	and	soil	moisture	condi-ons.		



Phenology 

Ø  Onset is triggered when a common degree-day summation
 exceeds a critical value, and the time is before summer
 solstice 

Ø  Offset period is triggered: sustained period of dry soil, sustained
 period of cold temperature, or daylength shorter than 6 hours.  

Oleson et al. 2013 



Represen'ng	plants	in	the	model:	Plant	geography	&	Vegeta'on	dynamics 
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Shorter	-me	scale:	

•  Disturbances:	Vegeta-on	fire,	

ozone	damages	

•  Mortality	

Longer	-me	scale:	

•  Establishment	&	survival	

•  Light	compe--on	

•  Human	ac-vity,	land	use	change		

	

	



Fire 
•  Burned	area	is	affected	by	climate	and	weather	condi'ons,	vegeta'on

	composi'on	and	structure,	and	human	ac'vi'es.	
	

	

	

	
	
-  Ni	is	the	number	of	igni-on	sources	due	to	natural	causes	and	human	ac-vi-es		

-  fb,	fm	is	the	availability	and	combus-bility	of	fuel,	respec-vely	

-  fse,o	is	the	frac-on	of	anthropogenic	and	natural	fires	unsuppressed	by	humans	related	to

	the	socioeconomic	condi-ons.		

	
 

 



Establishment	and	Survival	 

•  Survival:	20-year	running	mean	of	the	minimum	monthly	temperature	to
	exceed	p_-dependent	value.	Exis-ng	pjs	cease	to	exist	if	they	cannot	survive
	or	if	they	drop	in	density	below	10-10	individuals	m-2	of	naturally	vegetated

	landunit	area	

•  Establishment	is	stricter	than	survival,	requiring	addi-onally	that	Tc	be	less
	than	pj	dependent	Tc,max	(prescribed),	GDD5°C	be	greater

	than	pj	dependent	GDDmin,	and	GDD23°C	be	equal	to	0.	Establishment	also
	requires	the	365-day	running	mean	of	precipita'on	be	greater	than	100	mm
	yr-1.	



Establishment	and	survival	limits	for	PFTs	in	CLM4.5	 
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Compe''on	for	light 

•  Self-thinning	of	woody	PFTs:	the	frac-onal	projec-ve	cover	summed	over	all	tree

	pjs	is	limited	to	95%	of	the	naturally	vegetated	landunit	

•  Tree	and	grass	cover	combined	cannot	exceed	100%	of	the	naturally	vegetated

	landunit		

•  Produc-ve	region	(forest),	less	produc-ve	(grass),	least	produc-ve	(shrub)	



Beber	represent	succession	and	light	compe''on	of	plants 

•  Agent-based,	size-and-age	structured,	cohor-zed	popula-on	models	of	trees 

37 05/10/17 Figure courtesy R. Fisher 
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Sheiter	et	al.	2013	

Individual	or	trait	based	vegeta'on	model	
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Pavlick	et	al.	2013 

Individual	or	trait	based	vegeta'on	model	



Model	Spinup	for	vegeta'on 

41 05/10/17 Levis	et	al.	2003 



Model	Spinup	for	vegeta'on 
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Levis	et	al.	2003 



Case	Study	1:	single-column	site 
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•  IMGERS,	Inner	Mongolia	Grassland	

Ecosystem	Research	Sta-on	

(43°33’N,	116°40’E)	

•  Three	fenced	plots	primarily	

inves-gated.	

		

	

	

Wen et al. 2016 

79GE 99GE 

04GE 

79GE 

04GE 



Case	Study	1:	Experimental	design 
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Spinup with default setting

 1000 year (speedup) + 850 year(normal)

Spinup with modified parameters

 200 year (speedup) + 100 year(normal)

CRUNCEP clim forcing (1901-1950)

fixed CO2, δ13

C, ∆14

C

fixed landuse 

Historical simulation (1850-2010)

CRUNCEP clim forcing (1901-2010)

Varying CO2, δ13

C, ∆14

C

dynamic landuse 

CRUNCEP clim forcing (1901-1950)

fixed CO2, δ13

C, ∆14

C

fixed landuse 

Grazing excl. 1979 

default landuse

Grazing

Spinup Phase I Spinup Phase II Historical Run

•  Site	simula-on	using	isotope-enabled	CLM4.5-BGC	

•  No	Nitrogen	limita-on,	No	Fire,	and	only	C3	grass	exists	in	the	site	



Case	Study	1:	Valida'on	of	model	results:	GPP,	AGPP,	Leaf	δ13C	
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Case	study	2:	Modelling	Arc'c	plant	cover	frac'on	(%)	 
Observa'on		

(based	on	MODIS) Veg	run 
NET:	Needleleaf	evergreen	

temperate	tree	

NEB:	Needleleaf	evergreen		
									boreal	tree	

BDBsh:	Broadleaf	deciduous	
boreal	shrub	

Total:	Total	plant	cover	

C3	grass		
C3	Arc'c	Grass	

	

BDT:	Broadleaf	deciduous	
temperate	tree	

BDB:	Broadleaf	deciduous	
boreal	tree	
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AtmVeg run 

Case	study	2:	Modelling	Arc'c	plant	cover	frac'on	(%)	 
Observa'on		

(based	on	MODIS) 
NET:	Needleleaf	evergreen	

temperate	tree	

NEB:	Needleleaf	evergreen		
									boreal	tree	

BDBsh:	Broadleaf	deciduous	
boreal	shrub	

Total:	Total	plant	cover	

C3	grass		
C3	Arc'c	Grass	

	

BDT:	Broadleaf	deciduous	
temperate	tree	

BDB:	Broadleaf	deciduous	
boreal	tree	

	

3.1.	Stand-alone	DGVM	run 
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Parameteriza'on	of	photosynthe'c	capacity	(Vcmax25,	Jmax25) 

Ali	et	al.	2015,	2016 

0	
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CLM4.5	Default 

Observa'on 

3.1.	Stand-alone	DGVM	run 
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Plant	cover	changes	(%	points)	due	to	increased	Vcmax25 
Veg run: High Vcmax minus Default Vcmax 

NEB:	Needleleaf	evergreen		
									boreal	tree	

BDT:	Broadleaf	deciduous	
temperate	tree	

C3	Arc'c	Grass	
Total:	Total	plant	cover	
	

	

BDB:	Broadleaf	deciduous	
boreal	tree	

BDBsh:	Broadleaf	deciduous	
boreal	shrub	

	

3.1.	Stand-alone	DGVM	run 
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Nitrogen	limita'on	in	the	Arc'c	region 

Annual DJF JJA 
Net rate of soil N 

mineralization 

N limitation factor 
for plant 

Veg run 

3.1.	Stand-alone	DGVM	run 
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Plant	cover	changes	(%	points)	due	to	removal	of	N	limita'on 
 Veg Run: No N-limitation minus N-limitation 

NEB:	Needleleaf	evergreen		
									boreal	tree	

BDT:	Broadleaf	deciduous	
temperate	tree	

C3	Arc'c	Grass	
Total:	Total	plant	cover	
	

	

BDB:	Broadleaf	deciduous	
boreal	tree	

BDBsh:	Broadleaf	deciduous	
boreal	shrub	

	

3.1.	Stand-alone	DGVM	run 
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Change	of	feedbacks	between	Arc'c	vegeta'on	and	temperature 

Regression	coefficiency	(standardized) 

Temp. – Photosyn. rate Temp. – LAI LAI – Albedo 

Veg run 
(Default Vcmax) 

Veg run  
(High Vcmax) 

Veg run  
(High Vcmax &  

No N-limation) 

Feedback	loop:		Increase	temp.	->Vegeta-on	growth	->	LAI	->	Albedo	->	Increase	Temp.	

3.1.	Stand-alone	DGVM	run 
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Take	home	messages: 

•  To	represent	plants	in	a	land	surface	model	grid,	a	generaliza-on	of	plants	

(e.g.,	PFTs	vs.	Cohorts,	Big-leaf	vs.	Mul-layer	Canopy)	is	necessary,	while	to	

represent	the	heterogeneity	of	plants	in	a	model	grid,	a	sub-grid	-ling	has	to	

be	used.			

•  Plant	models	are	parameter	heavy,	but	more	and	more	processes	are	

described	mechanis-cally	or	using	op-mal	theories.		

•  Choose	vegeta-on	model	with	a	complexity	to	suitable	for	your	reserach	

ques-ons	(spa-al-temporal	scale).	Complex	model	is	not	always	the	becer	

one.		

•  Vegeta-on	module	cannot	tell	you	what	the	real	world	should	be,	but	help	

you	becer	understanding	the	processes.	

53 05/10/17 



Ques'ons	to	think	or	discuss 

•  What	are	the	major	defeciencies	of	the	current	land	surface	model	(e.g.,	

CLM)	in	represen-ng	vegeta-on?	Any	missing	processes?		

•  What	are	the	key	parameters/traits	of	plant	in	the	model?	

•  How	can	observa-on	and	experements	be	conducted	to	improved	the	

parametera-on	of	plants	in	the	model?	

•  How	to	becer	describe	plant	heterogeneity	or	diversity	in	the	model?	More	

PFTs,	varying	parameters	for	PFTs,	or	trait-based/individual	based	approach?	
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