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Mo%va%on:	  The	  complex	  soil	  problem	  
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Many	  BGC	  formula%ons	  

>250	  models	  with	  various	  formula%ons	  (Manzoni	  and	  Porporato,	  2009)	  
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Which	  one	  is	  more	  plausible?	  

4	  3/4/15	   Land	  WG	  mee%ng	  



1-‐D	  mathema%cal	  representa%on	  
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qlCl( )+ S
v :vapor
l : liquid
i : ice
S :sink / source!through!runoff,!transpiration,!drainage
Bottom!boundary!condition:!qcharge
Top!boundary!condition:!net!infiltration!

Iden%cal	  physics	  but	  variable	  biogeochemical	  
formula%ons	  
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CLM	  BeTR-‐v1	  
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CLM	  BeTR-‐v1	  

•  Uniform	  representa%on	  
of	  tracer	  transport	  	  
-‐	  mul%phase	  diffusion	  
-‐	  aqueous	  advec%on	  
-‐	  gas	  ebulli%on	  
-‐	  parenchyma	  transport	  

•  Flexible	  subsurface	  BGC	  
-‐	  diagnos%c	  mode	  
-‐	  ac%ve	  mode	  
-‐	  coupling	  to	  different	  veg	  
dynamics	  
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CLM	  BeTR-‐v1	  applica%ons	  

Produced	  ≠	  Observed	   different	  CO2	  tracer	  
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Difference	  of	  BeTR	  v1	  and	  v2	  

BeTR	  v2	  
•  semi-‐lagrangian	  advec%on	  
	  
•  Implicit	  mul%phase	  diffusion	  

for	  any	  #	  of	  phase	  fronts	  
-‐	  Tang	  and	  Riley,	  BG,	  2014	  

•  Dominant-‐gas	  based	  
ebulli%on	  scheme	  

•  OOP	  modular	  interfaces	  
•  Unit	  tes%ng	  of	  solvers	  

BeTR	  v1	  
•  1st-‐2nd	  order	  flux	  limiter	  

advec%on	  
•  Crank-‐Nicholson	  diffusion	  

for	  <	  3	  phase	  fronts	  

•  Ebulli%on	  based	  on	  all	  gases	  

•  Over-‐engaged	  coding	  style	  
(high	  maintenance)	  

9	  3/4/15	   Land	  WG	  mee%ng	  



The	  OOP	  based	  coding	  in	  v2	  
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kine%cs	  module	  to	  handle	  
compe%%ons	  

11	  3/4/15	   Land	  WG	  mee%ng	  



Kine%cs	  are	  important	  

Tang	  and	  Riley,	  Biogeosciences,	  2013	  

M-‐M	  kine%cs	  doomed	  

ECA	  kine%cs	  

12	  3/4/15	   Land	  WG	  mee%ng	  



Unit	  tes%ng	  example:	  diffusion	  
algorithm	  

Tang	  and	  Riley,	  Biogeosciences,	  2014	   13	  3/4/15	   Land	  WG	  mee%ng	  



The	  OOP	  based	  flexible	  BGC	  

•  Polymorphism	  based	  
implementa%on	  
-‐	  diagnos%c	  BGC	  
-‐	  water	  isotope	  
-‐	  Reac%on-‐based	  bgc	  
-‐	  Mock	  example	  

!!

∂
∂t

Cvθv +Clθl +Ciθi( ) = ∂
∂z

θlDl
∂Cl
∂z

+θvDv
∂Cv
∂z

⎡

⎣
⎢

⎤

⎦
⎥

− ∂
∂z

qlCl( )+ S
v :vapor
l : liquid
i : ice
S :sink / source!through!runoff,!transpiration,!drainage
Bottom!boundary!condition:!qcharge
Top!boundary!condition:!net!infiltration!
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The	  polymorphism	  implementa%on	  for	  
flexible	  subsurface	  BGC	  	  
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Mock	  example	  
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Example	  tracer	  profiles	  

0.5 1 1.5 2 2.5
0

2

4

6

8

10

12

14

16

Depth (m)

m
o

l m
−

3

 

 

N
2

O
2

AR
CO

2

CH
4

17	  3/4/15	   Land	  WG	  mee%ng	  



Reac%on-‐based	  subsurface	  BGC	  (in	  ACME)	  

1	  lit1	  +	  γO2	  -‐>	  γCO2	  +	  (1-‐γ)SOM1	  +	  fCN	  NH4	  +	  fCP	  P(mineral)	  
X=[lit1,	  O2,	  CO2,	  SOM1,	  NH4,	  P]T	  

dX/dt=	  [-‐1,-‐	  γ,	  γ,	  1-‐γ,	  fCN,	  fCP]TR	  
	  

CLM4.5	  tech	  note	  
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Reac%on	  based	  BGC	  	  

!!

lit1+a1O2 +a2NH4 +a3NO3→a1CO2 +(1−a1)SOM1
lit2+ ...
lit3+ ...
...

NH4
+ + 2− f( )O2 + 2− f( )OH− → 1− f( )NO3− + f2N2O+ 3− f2

⎛
⎝⎜

⎞
⎠⎟
H2O

dx
dt

= C⎡⎣ ⎤⎦r

x :state!variable,!
r:!kinetics!based!reaction!rates

Ø  Stoichiometric	  based	  mass	  balance	  
Ø  Consistent	  treatment	  of	  substrate	  compe%%on	  
Ø  Easy	  extension	  to	  new	  processes	  
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Reac%on	  based	  BGC	  	  

Using	  standard	  solvers	  

!!

lit1+a1O2 +a2NH4 +a3NO3→a1CO2 +(1−a1)SOM1
lit2+ ...
lit3+ ...
...

NH4
+ + 2− f( )O2 + 2− f( )OH− → 1− f( )NO3− + f2N2O+ 3− f2

⎛
⎝⎜

⎞
⎠⎟
H2O

dx
dt

= C⎡⎣ ⎤⎦r

x :state!variable,!
r:!kinetics!based!reaction!rates
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Summary	  

CLM-‐BeTR	  provides	  opportuni%es	  to	  do	  more	  
advanced	  BGC	  modeling	  
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