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Biogeochemical cycles

Matrix CLM5
https://github.com/chrislxj/ctsm, Branch: cn-matrix_v3.
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Vegetation carbon and nitrogen cycles

Soil carbon and nitrogen cycles

https://github.com/chrislxj/ctsm
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Advantages

Simplicity in model 
structure

High modularity in 
code

Clarity in diagnostics

Computational 
efficiency in spin-up

Cuijuan Liao 
9:35 Thursday



Uncertainty

Friedlingstein et al. 2006



IPCC, 2001

Third Assessment Report
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C4MIP
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Arora et al. 2020



Uncertainty in model outputs

Forcing



Forcing

Uncertainty in model outputs

Variation in Forcing

Residence time

 

Variation in 
NPP

Variation in 
residence time

Sources of 
uncertainty

1

2

3

Carbon 
input



Matrix approach to uncertainty analysis
Enqing Hou 1:30pm Thursday
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What did we learn from Enqing’s study?

•Model structure does not matter for projecting carbon 
dynamics
• It may be important to represent different biological and/or 

geochemical  processes 

•Residence time, in addition to forcing and carbon input, 
matters for projecting carbon dynamics.

•Not about eliminating model-model differences

•Matrix approach makes model uncertainty a tractable issue 
•An analytic framework to understand and quantify model 

uncertainty



What did we learn from Enqing’s study?

•Model structure does not matter for projecting carbon 
dynamics
• It may be important to represent different biological and/or 

geochemical  processes 

•Residence time, in addition to forcing and carbon input, 
matters for projecting carbon dynamics.

•Not about eliminating model-model differences

•Matrix approach makes model uncertainty a tractable issue 
•An analytic framework to understand and quantify model 

uncertainty



CCSM4
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Evolution of NCAR’s land model
C4MIP CMIP5 CMIP6

Adding N processes Adding vertical profile

In the modeling world, it all makes sense: carbon is cycling faster when 
nitrogen processes are added but slower when vertical profiles are added.

Would that happen in the real world? 



Would carbon processes in the 
real-world change with different 

processes being modeled?

Model structure, parametrization, and prediction



Prediction

ParameterizationStructure IData

Structure II

Wang et al. In prep.



When we use two model structures to 

estimate two sets of parameters, we 

generate similar predictions 
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Changed structure

Wang et al. In prep.



When we change model structure without 

corresponding changes in parameters, we 

generate different predictions 



PROcess-guided deep 
learning and DAta-driven 

modelling (PRODA)

Feng Tao
Thursday morning

Tao et al. 2020

Adding vertical profiles leads to overestimation 
of soil carbon in deep layers By CLM4.5/5
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Re-parameterization is required 
when model structure is modified

C4MIP CMIP5 CMIP6

Adding N processes Adding vertical profile



Summary

•Matrix approach makes the uncertainty analysis a transparent, 
tractable issue

•When we change model structure, parameter values need to change 
accordingly. Otherwise, the model projects different trajectories of 
carbon dynamics. 

•Re-parameterization becomes essential each time after model 
structure is modified.

•PRODA is an approach that combines data assimilation and machine 
learning with matrix models. It makes it possible to integrate big data 
with complex models  
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