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Resolving N limitation is important for
modeling land carbon dynamics

CO, and nitrogen fertilization effect
Land carbon response to warming

Land-atmosphere biogeochemical and bio-
geophysical feedbacks

As an example for resolving other nutrient/
substrate limitations



Mathematical conceptualization of
nitrogen limitation

S(t+At)=S(t)+ (Smput =S, e )At

Limitation occurs, when

S (t + At) <0 ifnothingis done to the fluxes



Models disagree in implementing
nitrogen limitation

Double limitation in CABEL, ALM-CNP
Limitation 1: Law of the minimum (based on N, and P) in individual uptake

Limitation 2: Reset flux to avoid the negative N values.

ALM-ECA only involve Limitation 2

Three different approaches to apply limitation 2
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Experiments with ALM-BeTR

Reactive transport model for flexible BGC
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Experiment setup

BeTR-ALM Mineral N from gross mineralization is not available for N-uptake
at current time step. Red

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

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

BeTR-ALM3C Like BeTR-ALM3, but using initial condition from BeTR-CENT.

BeTR-ALM30 Like BeTR-ALM3, but O, limitation comes after N limitation.
However, a second N limitation is required to avoid model crash.

Default BGC formulation based CLM4.5.

S —

uptake put uptake
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Model based ALM-BeTR benchmark:
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Cumulative NEE (Pg C)

Diverging trajectories, yet similar endings
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Divergent carbon stock changes
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Total carbon change (Pg C)

Stronger nitrogen limitation, greater
response to CO, and nitrogen
fertilization
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Total carbon change (Pg C)

Stronger nitrogen limitation, greater
response to CO, and nitrogen
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The CLMA4.5BGC is very sensitive to initial conditions.
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Milestone summary

 Ambiguous numerical interpretation of
nitrogen limitation is a significant uncertainty
compared to other sources: forcing data,

parameterization, model structure (equations)
and initial conditions.

* This uncertainty is resolvable (continued)



Pitfalls of existing approaches for
multiple substrates limitation

* Double limitation for fixed stoichiometry
model (CABEL and ALM-CNP)

Limitation 1: Law of the minimum (based on N, and P) in individual uptake
Limitation 2: Reset flux to avoid the negative N values.

* Curse of ordering

N! options for N substrates. 3!=6 for O,, N and P.
Introducing mechanistic BGC will make ALM approach prohibitive.



We resolved the problem and
published the method!

Biogeosciences, 13, 723-735, 2016
www.biogeosciences net/13/723/2016/
do1:10.5194/bg-13-723-2016

© Author(s) 2016. CC Attribution 3 0 License.

Technical Note: A generic law-of-the-minimum flux limiter for
simulating substrate limitation in biogeochemical models

J. Y. Tang and W. J. Riley
Department of Climate and Carbon Sciences, Lawrence Berkeley National Laboratory, Berkeley, CA, USA

Correspondence to: J. Y. Tang (jinyuntang @1bl gov)
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Stoichiometry based formulation of
the donor-receipt network

CH,0+0, - CO, +H,0
1 -1 1 1

Donors Receipts

r=f(CH,0,0,)

Yewzo - Voo _ . Veos
dt dt L dt

=r



Receipt based solution for reaction
networks

V,]A, —>>YyYVv' B

m,j m,j



Law of the minimum flux limiter

M1 1s number of state variables.
NI is number of reactions.
Ixt 1s vector of state variables at current time step.
!xtnew is vector of temporary state variables for
next time step.
!g 1s vector of flux limiters for all reactions.
!df 1s time step size.
Ineg = false. 'Imtialize negative state variable
indicator to zero
dom =1,MI'! Loop over all state variables
XxXtnew (m) = xt (m)
Fp=0.0 Initialize production flux accumulator
to Rro L] L] L] L] L]
Fm =0.0 'Imtialize consumption flux accumulator { | d b
20 o A reaction is limited by its
don=1,NI! Loop over all reactions

\Z;e&ﬂl(}{: xtnew(m) + (sp (m,n) — sm (m,n)) m Ost I i m iti n g S u bst rate .

Fp= Fp+sp(m,n)*r(n) 6)

iy = Fmtam (m, m)ar (n) e The limitation comes from

if(xtnew (m) < 0)then !The state vanable tends

to be negative 3
!Calculats the limiting factor CO n S U m ptl O n .
p(m) = (xt (m)+ Fpx*dt) / (dt*Fm)
Ineg = .true.
endif
enddo
Now compute and apply the flux limiter
!when there is any negative state variable
if (Ineg) then
don=1,NI
!minp finds the minimum of p,
Iwhere the corresponding entry m smis > 0.
qg(n)=minp(p(1:MI),sm(1:MI,n))
r(n) =r(n)*q (n)
enddo
endif
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Tests with the CENTURY CNP model

ID Reactions

1 LITI — 0.4550MI +0.55C0O, + (CNerl — s ) Noin + (Cpﬁm o ) P

2 LIT2— 0.5S0M1+0.5C02 + (o — m?s-ﬁ Npin + m - Cp% Ppin

3 LIT3 — 0.5S0M2 +0.5CO, + § CN}_m - CI\?;M Npnin + Cpllm _ Cp‘;jM_ P

4 CWD — 0.76LIT2 +0.24LIT3 + (ks — o8 — 82 ) Noin + (ol — Chs — chis; ) Ponin

5% SOMI1 — f1SOM2 + f>SOM3 +(1— f1 — f>)CO,
+( 1 ____h f )N . +( 1 Y S )p )
CNsom1 CNsomz CNsoyz /7 'oun CPsovi  CPsomz  CPsoyz ) - un
6 SOM2 — 0.42SOM1 +0.03SOM3 +0.55CO»

+( 1 042 003 )N . +( 1 042 0.03 )p
CNsom2z CNsoma  CNgoy3 )7 'mun CPsom2  CPsomi = CPsoms

7 SOM3— 04550M1+0.55C02 + (oxs — oo ) Nuin + (opibg — T0s ) Panin

CNsoy ) 70U + CPsoms  CPsomi

* In this study, we set f; —0.6235 and f — 0.0025.

CLM-1 CLM-2 mBBKS ODEA45
_ [ s(e)/a _ S(t )/At
Suptake = mln{ Suptake '1}Suptake S ptake { Suptake - ptake G IObaI ﬂ ux CIaS S|C
limiter derivative clipping
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Road towards a consistent and
scalable BGC model

* Stoichiometry based formulation of

biogeochemical reactions
- this rules out ALM-CNP, because its stoichiometry
requires prediction-correction.

* All reactions should be organized in a donor-
receipt network to allow consistent

implementation of substrates limitation.

* Consistent analytical scaling
- ECA kinetics for networks (Tang and Riley, 2013).
- wrong kinetics is fatal (Tang, 2015).
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