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The Terrestrial Ecosystem Model 



Bayesian Inference Approach

Key idea: Infer the probability of 

parameters (θ) conditioning on the prior 

probability of available data (V)

Pr(θ|V) =
Pr(V)

Pr(θ)  Pr(V|θ)

Pr(θ|V) is the posterior

Pr(θ) is the prior of the ecosystem model parameters (uniform or Gaussian etc.) 

Pr(V|θ) is the likelihood function that could be calculated based on model simulation

and observation data of fluxes and states

Pr(V) does not depend on θ, and with fixed V, can thus be considered as a constant



Calculation of the Likelihood Function Pr(V|θ)

β are coefficients associated with observational data error distribution

T is model simulation temporal domain 

N is number of state and flux variables 

Vti are the difference between model simulations and observations at time t 

for variable i

(Tang and Zhuang, 2009)



The Posterior Generation Using Sampling 

Importance Resampling Technique



The Prior Fluxes



The Posterior Fluxes



Workflow of the Bayesian and Ecosystem Modeling Approach

Uniform, uncorrelated prior

LH sampling, 500,000  simulations

Sampling Importance resampling 

mode, 95% confidence interval, 

distribution shape change



Application of the Bayesian and Ecosystem Modeling 

Approach to a Grassland Ecosystem



1. Grassland   - Vaira Ranch (Baldocchi et al., 2001)

2. Boreal forest - Niwot Ridge (Monson et al. 2002) 

3. Xeric woodland - Tonzi Ranch (Ma et al., 2007)

4.    Temperate broadleaf forest - Kennedy Space Center Scrub Oak

(Bracho et al., 2008)

5.    Temperate coniferous forest - Howland Forest West Tower

(Hollinger et al., 1999) 

6. Temperate deciduous forest - Harvard Forest (Urbanski et al., 

2007)

7.    Wet tundra –Atqasuk (Oberbauer et al., 2007)

8.    Xeric shrubland - Tonzi Ranch (Ma et al., 2007)   

Parameterization for Eight Ecosystem Types with the Approach



Simulated Carbon Fluxes  in North America 



Simulated Carbon Fluxes  in North America 



Summary

Bayesian approach with eddy flux data and 

associated error information provides a new way 

to parameterize ecosystem model 

With multiple-site data, the Bayesian approach  

estimates the “mode” regional sink or source, 

differing from the quantification with the 

traditional calibration method based on annual 

flux data



Next Step

• Use the Bayesian approach to improve a finer time 

step ecosystem model with finer resolution 

observational data (e.g., daily)

• Use satellite data to constrain the regional 

uncertainty based on ensemble ecosystem model 

simulations 
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