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Bonan 2014 New Phytologist

Observation-theory-model-process integrated approach



Luo, Keenan, Smith 2015 GCB

Model-theory-data 
fusion



Matrix approach to carbon cycle 
modeling



A: Basic processes
B: Shared model structure

C: Similar algorithmD: General model
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Yuanyuan’s work
a. Matrix solution

b. Fast spin-up to steady-state solution

c. Traceability analysis to evaluate 
model components

d. Data assimilation to improve models

Tractability
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Matrix representation
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Applications
1 Diagnostics (Zhou et al. J Climate, 

Jiang et al. GCB,)
a. 3D parameter space
b. Traceability analysis
c. Variance decomposition

2 Faster spin-up (Huang et al. In prep.
Xia et al. 2012)

3 Data assimilation (Hararuk et al. 2014, 
2015, Shi et al. In prep.)

4 Theoretical understanding 
a. Dynamic disequilibrium (Luo and 

Weng 2011)
b. Predictability of the terrestrial 

carbon cycle (Luo et al. 2015)
c. Transient dynamics (Luo et al. 

2017)
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3rd dimension

3D parameter space

Luo et al. 2017



Zhou et al. J Climate



Traceable components

Luo et al. 2017



Variance decomposition I

Zhou et al. J Climate



Variance decomposition II

Zhou et al. J Climate



Matrix approach to nitrogen Modeling



Du et al. 2017 JAMES

TECO-CN



Coupled carbon-nitrogen matrices

Shi et al. 2016 JPE
Du et al. 2017 JAMES







Yuanyuan Huang, unpub



Yuanyuan Huang, unpub



Matrix representation of nitrogen 
model of CLM5



Matrix representation of 
demographic model 



The future
• A library of carbon matrix equations from most of 

the ESMs
• A library of nitrogen matrix equations from most 

of the ESMs
• Ensemble modeling with multiple carbon and 

nitrogen matrices
• Traceable components and their contributions to 

uncertainty
• Benchmarking traceable components with  

observations 
• Data assimilation to train model components 

with observations  



To constrain structures 
and parameters of those 
well-understood model 
components

To allow structural 
variations for those 
poorly understood 
components

Luo, Keenan, Smith 2015 GCB

Vision
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