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Ecological	significance	of	nitrogen	for	
biogeochemistry	
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A	long	(29-page)	paper	without	beau=ful	figures!	



Nitrogen	is	limited!	
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By	Andrew	J.	Small	



Resolving	N	limita=on	is	important	for	
modeling	land	carbon	dynamics	

•  CO2	and	nitrogen	fer=liza=on	effect	
•  Land	carbon	response	to	warming	
•  Land-atmosphere	biogeochemical	and	bio-
geophysical	feedbacks	

•  As	an	example	for	resolving	other	nutrient/
substrate	limita=ons	
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Mathema=cal	conceptualiza=on	of	
nitrogen	limita=on	
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S t +Δt( ) = S t( )+ Sinput − Suptake( )Δt

		S t +Δt( ) <0			if	nothing	is	done	to	the	fluxes
Limita2on	occurs,	when	



Models	disagree	in	implemen=ng	
nitrogen	limita=on		
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Double	limita2on	in	CABEL,	ALM-CNP	
Limita=on	1:	Law	of	the	minimum	(based	on	N,	and	P)	in	individual	uptake	
Limita=on	2:	Reset	flux	to	avoid	the	nega=ve	N	values.		
	
ALM-ECA	only	involve	Limita2on	2	

Three	different	approaches	to	apply	limita2on	2	
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Experiments	with	ALM-BeTR	
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∂s
∂t

=T s;q( )+ r s;q( )

Reac2ve	transport	model	for	flexible	BGC	

Different	BGC	with	iden=cal	
biophysics	



Experiment	setup	
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Simula2on	ID		 Model	configura=on	

BeTR-ALM		 Mineral	N	from	gross	mineraliza=on	is	not	available	for	N-uptake	
at	current	=me	step.	Red		

BeTR-CENT		 Mineral	N	demand	is	calculated	as	the	residual	between	total	
mineral	N	demand	and	gross	mineraliza=on.	Blue	

BeTR-ALM3		 Mineral	N	from	gross	mineraliza=on	and	soil	mineral	N	are	
competed	equally	by	plants	and	microbes.	Green		

BeTR-ALM3C		 Like	BeTR-ALM3,	but	using	ini=al	condi=on	from	BeTR-CENT.		

BeTR-ALM3O		 Like	BeTR-ALM3,	but	O2	limita=on	comes	a]er	N	limita=on.	
However,	a	second	N	limita=on	is	required	to	avoid	model	crash.		

Default		 BGC	formula=on	based	CLM4.5.		
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Model	based	ALM-BeTR	benchmark:	
historical	simula=ons	
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Diverging	trajectories,	yet	similar	endings		
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RCP4.5	divergence	analyses	
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•  Projected	N	deposi=on	and	
atmospheric	CO2	concentra=ons	

•  Qian	climate	forcing	



Divergent	carbon	stock	changes	

3/10/16	 BGC	Feedbacks	Bi-weekly	Mee=ng	



Stronger	nitrogen	limita=on,	greater	
response	to	CO2	and	nitrogen	

fer=liza=on	
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N	limita=on:	BeTR-ALM	(blue)		>	BeTR-CENT	(green)	>	BeTR-ALM3	(red)	



Stronger	nitrogen	limita=on,	greater	
response	to	CO2	and	nitrogen	

fer=liza=on	
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N	limita=on:	BeTR-ALM	(blue)		>	BeTR-CENT	(green)	>	BeTR-ALM3	(red)	

The	CLM4.5BGC	is	very	sensi2ve	to	ini2al	condi2ons.	



Milestone	summary	

•  Ambiguous	numerical	interpreta=on	of	
nitrogen	limita=on	is	a	significant	uncertainty	
compared	to	other	sources:	forcing	data,	
parameteriza=on,	model	structure	(equa=ons)	
and	ini=al	condi=ons.	

•  This	uncertainty	is	resolvable	(con=nued)	
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Pidalls	of	exis=ng	approaches	for	
mul=ple	substrates	limita=on	

•  Double	limita=on	for	fixed	stoichiometry	
model	(CABEL	and	ALM-CNP)	
Limita=on	1:	Law	of	the	minimum	(based	on	N,	and	P)	in	individual	uptake	
Limita=on	2:	Reset	flux	to	avoid	the	nega=ve	N	values.		

•  Curse	of	ordering	
N!	op=ons	for	N	substrates.	3!=6	for	O2,	N	and	P.		
Introducing	mechanis=c	BGC	will	make	ALM	approach	prohibi=ve.			
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We	resolved	the	problem	and	
published	the	method!	
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Stoichiometry	based	formula=on	of	
the	donor-receipt	network	

3/10/16	 BGC	Feedbacks	Bi-weekly	Mee=ng	

	
CH2O+O2→CO2 +H2O
−1							−1									1							1

Donors	 Receipts	

		r = f CH2O,O2( )

		
dyCH2O
dt

=
dyO2
dt

= −r ,dyCO2
dt

= r



Receipt	based	solu=on	for	reac=on	
networks	
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ν i , j

− Ai , j
i
∑ → νm, j

+ Bm, j
m
∑

		
dx
dt

= S+ −S−( )r



Law	of	the	minimum	flux	limiter	
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•  A	reac=on	is	limited	by	its	
most	limi=ng	substrate.	

•  The	limita=on	comes	from	
consump=on.	



Tests	with	the	CENTURY	CNP	model	
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CLM-1	 CLM-2	 mBBKS	
	
Global	flux	
limiter	

ODE45	
	
Classic		
deriva=ve	clipping	
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All	are	good	without	NP	limita2on.	
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NP	limita2on	failed	mBBKS	and	ODE45	
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CLM-1	(also	CLM-2)	is	cursed	by	ordering			



Road	towards	a	consistent	and	
scalable	BGC	model	

•  Stoichiometry	based	formula2on	of	
biogeochemical	reac2ons	
-	this	rules	out	ALM-CNP,	because	its	stoichiometry	
requires	predic=on-correc=on.	

•  All	reac2ons	should	be	organized	in	a	donor-
receipt	network	to	allow	consistent	
implementa2on	of	substrates	limita2on.	

•  Consistent	analy2cal	scaling	
-	ECA	kine=cs	for	networks	(Tang	and	Riley,	2013).	
-	wrong	kine=cs	is	fatal	(Tang,	2015).	
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Many	thanks	for	DOE’s	financial	
support	
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