
Advancing Earth System Model Calibration
A diffusion-based method

• U.S. Department of Energy’s earth system 
model, land model, ELM simulates ecosystem’s 
response to climate change.

• ELM involves 65+ parameters whose values 
need to be estimated for accurate model 
prediction.

• Current uncertainty quantification (UQ) 
methods are computationally expensive.

• We introduced a diffusion-based uncertainty 
quantification (DBUQ) method for efficient 
parameter estimation and model calibration.

Need an efficient UQ method for 
earth system model calibration
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DBUQ method
• DBUQ is a score-based diffusion method.
• It draws parameter posterior samples by 

formulating a generative model F, 

Advantages of DBUQ

An illustrative examples of DBUQ

Apply DBUQ to improve ELM calibration

DBUQ accurately estimates parameter PDFs 

DBUQ achieves 30X speedup than MCMC

Ø DBUQ can be generally applied to site-
specific earth system model calibration 
on a global scale, paving the way for 
more effective and timely climate 
impact analyses.
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