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Two issues 

ÅWhy do land models 
behave so 
differently? 

ÅHow could big data 
be integrated into 
big models (BDBM 
challenges)? 



New theory and techniques 

ÅA theoretical framework of carbon storage 

 

ÅHigh-fidelity emulators of carbon cycle models 

ïModel evaluation via 3D parameter space, 
traceability framework, variance decomposition 

ïModel improvement via semi-analytic spin-up and 
data assimilation 

ïModel development via component evaluation 

X(t) = Xe(t) - Xp(t)



Recommendations 

ÅTier 0 You do nothing, we will find ways to 
analyze your results 

ÅTier 1 Model outputs: GPP, residence time (E̱) to 
estimate the equilibrium capacity (XE) and 
potential (Xp) 

ÅTier 2 Developing an emulator for your model to 
enable analytic spin-up, traceability, parameter 
space, variance decomposition, and data 
assimilation 

ÅTier 3 Establishing a library of emulators to allow 
various analyses 
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Common properties 
shared among models 

e.g., Ecosystem C stock 

What we have searched for 



1. Photosynthesis as the 

primary C influx pathway 

2. Compartmentalization,  

3. Partitioning among pools  

4. Donor-pool dominated 

carbon transfers 

5. 1st-order kinetics of carbon 
transfers 

Fundamental properties of the terrestrial 
carbon cycle 

Luo and Weng 2011 TREE 
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A: Basic processes 
B: Shared model structure 

C: Similar algorithm D: General model 

Model development 
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Generalization 
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Root (X2) 

Luo et al. 2001 Ecol. Monog. 

Luo et al. 2003 GBC 

Luo and Weng 2011 TREE 

Luo et al. 2015 GCB 

Luo et al. under review 

dX(t)

dt
= Ax (t)CX(t)+ BU(t)

X(t = 0) = X0
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A long history of using matrix equations 

Bolin & Eriksson, 1958;  
Emanuel et al., 1981 



Major issue 

If the carbon cycle mathematically is an extremely 
simple system,  

ÅWhy is the natural phenomenon so complex? 

dX(t)

dt
= Ax (t)CX(t)+ BU(t)

X(t = 0) = X0
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 Investigative Workshop 

Jim Cushing: Nonautonomous system 



Nonautonomous system 

A dynamical system with its input and parameters 
being time dependent  

dX(t)

dt
= Ax (t)CX(t)+ BU(t)

X(t = 0) = X0
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U(t)

B(t)

is input, which is time dependent 

x (t)Parameters         and         are time dependent 



Working group 



External vs. internal components of 
carbon cycle dynamics 

X '(t) = Ax (t)CX(t)+ BU(t)

Instantaneous responses 
to external forcing 

Internal capacity 
of equilibriation  



Three advances 



Advance 1: Emulator 

Input: GPP, temperature and precipitation 

Exactly reproduce simulation output of original 
models 



CLM 4.5 

Diffusivity  

Emulator 

Koven et al. 2013 
Oleson et al. 2013 

Shi et al. in progress 



A is a block diagonal transfer matrix with dimension 
70 by 70 (7 C pools per soil layer for 10 layers).  

AL is a block matrix with L being the soil layers taking 
value from 1 to 10. ai,j, is C transfer from ith receiving pool 
from jth donating pool  

Shi et al. Unpublished 
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Reproducibility of the 
original models  

Shi et al. Unpublished 



Emulators 

LPJ-GUESS CLM 3.5, 4.0, 4.5 

CABLE 
TECO 


