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CLM4.5 dead C pool structure 



Matrix representation 

𝑿𝑿 : 70x1      7 C types by 10 layers
I : 1x1        C inputs to cwd and litter
𝑩𝑩 : 70x1      allocation of C inputs 
𝑨𝑨 : 70x70    transfer of C among 7 C types 
𝜺𝜺 : 70x70   moisture, temperature, oxygen, N and depth scalars
𝒌𝒌 : 70x70   decomposition rate 
𝑽𝑽 : 70x70 vertical mixing of C 3

𝑿𝑿, C pools

B, allocation

𝑨𝑨, transfer matrix 𝜺𝜺, scalar

𝒌𝒌, decomposition rate

𝑽𝑽, vertical mixing

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝐵𝐵𝐼𝐼 − 𝐴𝐴𝜀𝜀𝜀𝜀𝑑𝑑 − 𝑉𝑉𝑑𝑑
𝑰𝑰, external input
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Matrix vs. original CLM4.5bgc 

𝟏𝟏:𝟏𝟏 𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍

𝑴𝑴
𝑴𝑴𝑴𝑴
𝑴𝑴𝒍𝒍
𝑴𝑴
𝑪𝑪

(𝒈𝒈
/𝒎𝒎

𝟐𝟐 )

𝑪𝑪𝑪𝑪𝑴𝑴𝑪𝑪.𝟓𝟓 𝑪𝑪 (𝒈𝒈/𝒎𝒎𝟐𝟐)𝑻𝑻𝒍𝒍𝒎𝒎𝒍𝒍(𝒚𝒚𝒍𝒍𝑴𝑴𝑴𝑴)

𝑴𝑴
𝑴𝑴𝑴𝑴
𝑴𝑴𝒍𝒍
𝑴𝑴
𝑪𝑪

(𝒈𝒈
/𝒎𝒎

𝟐𝟐 )

𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪

𝑪𝑪𝒍𝒍𝑴𝑴𝑴𝑴𝒍𝒍𝑴𝑴 𝑪𝑪

𝑺𝑺𝑺𝑺𝒍𝒍𝒍𝒍 𝑪𝑪
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𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌
𝐌𝐌𝐫𝐫𝐫𝐫𝐌𝐌𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐌𝐫𝐫𝐫𝐫

100%
𝐌𝐌𝐫𝐫𝐫𝐫𝐌𝐌𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫
𝐂𝐂𝐂𝐂𝐌𝐌𝑪𝑪𝟓𝟓𝐂𝐂𝐂𝐂𝐫𝐫

𝐫𝐫𝐫𝐫𝐌𝐌𝐫𝐫 𝐂𝐂 𝐫𝐫𝐝𝐝𝐫𝐫𝐌𝐌𝐝𝐝𝐌𝐌𝐫𝐫𝐫𝐫

|𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒍𝒍𝑴𝑴 − 𝑪𝑪𝑪𝑪𝑴𝑴𝑪𝑪𝟓𝟓|𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝒍𝒍𝑴𝑴 𝑪𝑪
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Matrix Application 1
Attribute dead C response to global changes 

S0 S1 S2 S3 S4 S5

I I0 Ie Ie Ie Ie Ie

B B0 B0 Be Be Be Be

N N0 N0 N0 Ne Ne Ne

ɛ ɛ0 ɛ0 ɛ0 ɛ0 ɛe ɛe

V V0 V0 V0 V0 V0 Ve

Matrix Simulations (matlab) 

CLM Run 2
eCO2(560ppm) 

CLM Run 1
CO2(280ppm) 





• 𝑿𝑿(𝑴𝑴) = 𝑨𝑨𝝃𝝃 𝑴𝑴 𝑲𝑲 − 𝑽𝑽 𝑴𝑴 −𝟏𝟏𝑩𝑩 𝑴𝑴 𝑰𝑰(𝑴𝑴) − 𝑨𝑨𝝃𝝃(𝑴𝑴)𝑲𝑲− 𝑽𝑽(𝑴𝑴) −𝟏𝟏 𝒅𝒅𝑿𝑿(𝑴𝑴)
𝒅𝒅𝑴𝑴

Matrix Application 2
Diagnose CLM simulations

At steady state: 
C storage potential approaches 0 (Xp = 0)
C storage equals C storage capacity  (X = Xc)

C storage Capacity 
(Xc) 

C storage Potential 
(Xp) 

C storage 
(X) 

Luo et al., Biogeoscience (2017)



Spin-up
C Storage

C Storage Capacity

Total C

Soil 3 C 

Z_tau = 10



• Spin up for ~300 years



Vertical profile of C storage capacity (𝑿𝑿𝑪𝑪) vs. C storage (X) 
(z_tau=0.5)

• Spin up for >5000 years



• Spin up for ~300 years

Vertical profile of C storage capacity (𝑿𝑿𝑪𝑪 ) vs. C storage (X)
(z_tau=10)



• Spin up for 2700 years

Vertical profile of C storage capacity (𝑿𝑿𝑪𝑪) vs. C storage (X) 
(z_tau=10)



Matrix Application 3
Realize data assimilation to constrain global SOM
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Harmonized soil C content 
by Wieder et al., (2015)
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= 𝑩𝑩𝑰𝑰 − 𝑨𝑨𝜺𝜺𝒌𝒌𝑿𝑿 − 𝑽𝑽𝑿𝑿

Surface

Subsurface



Summary

• One matrix equation to reproduce dead C 
dynamics 

• Easy manipulation and exploration of different 
components 

• Diagnose CLM simulations 
• Promote data assimilation in SOM researches
• …… 



Thank you! 
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