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outline 

1.  Background: benchmarking functional 
relationship 

2.  Causality inference: transfer entropy 
analysis 

3.  Case study 1: West Sahel precipitation 
4.  Case study 2: land cover change 
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AR4 2007 AR5 2014 
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How to use observational 
benchmark to improve Earth System 

Model 

Luo et al., 2012 
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Luo et al., 2012 

Emerging patterns benchmark 
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Koven et al., 2017 

Functional relationship benchmark 
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Functional relationship benchmark 

Koven et al., 2017 7 
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Keenan et al., 2017 

Functional relationship benchmark 
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Causality benchmark 

Green et al., 2017 9 
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Causality benchmark 

•  Non-linearity 
– A simplest nonlinear systems (Ephemeral or 

“mirage” correlations ) 
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•  Nonsynchronous processes 

Causality benchmark 

Ruddell et al., 2009 11 
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Causality benchmark 

•  Process network 

Ruddell et al., 2009 12 
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Contribution to RUBISCO project 

•  Causation benchmarks  
–  Inform underlying mechanisms 
– Better understand model bias 
– Diagnose “wrong reasons -> right answers” 

Patterns 
understanding 

Processes 
understanding 

Where？ Why？ 
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Transfer entropy analysis 
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Transfer entropy analysis 
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Case 1 West Sahel precipitation 
Hypotheses： 
•  Warm sea surface temperatures weaken land-ocean temperature contrast 

and migrate deep convection to the ocean, which leads to precipitation 
decreases over land (Giannini et al., 2003 Science) 

•  Terrestrial vegetation dynamics control water and energy fluxes into the 
atmosphere and thus impact local precipitation (Zeng et al., 1999 Science). 

16 



EARTH AND ENVIRONMENTAL SCIENCES • LAWRENCE BERKELEY NATIONAL LABORATORY 

Liu et al., 2019 
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Robustness of identified feedbacks 
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Time lag of identified feedbacks 
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Warming impacts 
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Case 2： deforestation 

Chen et al., 2018 
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  LE->EF FSDS->EF T->EF SH->EF GPP->EF Prcp->EF FLDS->EF VPD->EF 

Accuracy 0.690 0.448 0.414 0.724 0.680 0.310 0.517 0.538 

Confusion Matrix 
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Reconstructed Network 
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Conclusions 

1.  Earth System Models that capture observed 
emergent patterns, not necessarily get the right 
answer with right reasons. 

2.  Causality benchmark offers a new way to 
understand model bias 

3.  Earth system dynamics are often nonlinear, 
and hard to investigate with linear approach 

4.  Earth system process to process relationship, 
often subject to a certain time lag/lead 
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Ongoing work & next step 

•  Explore alternative causality metrics 
•  Apply causality inference to carbon-climate, 

carbon-concentration feedbacks 
•  Apply causality inference to FLUXNET2015 

dataset, reconstruct whole process network 
for major biomes 

•  Integrate causality benchmark metrics in 
ILAMB framework 
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