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Motivation

What is temporal aggregation? Summation/Averaging/…
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Temporal aggregation is so common in real-world observation: 
Daily/Weekly/Monthly stock prices, hourly/daily/monthly 
temperature, GDP, electricity consumption… 



Motivation

• Instantaneous causation:
“temporal aggregation is a realistic, plausible, and well-known 
reason for observing apparent instantaneous causation”
---Granger, C. W. (1988). Some recent development in a concept of causality. Journal of 
econometrics
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• Cyclic causation:
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---Lacerda, G., Spirtes, P. L., Ramsey, J., & Hoyer, P. O. (2008). Discovering 
cyclic causal models by independent components analysis. UAI 2008

Temporal aggregation in Non-temporal causal discovery
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Is the causal relationship consistent across different observational levels?
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Motivation

Is the causal relationship consistent across different observational levels?

Intervention on %𝑋 is not well-defined
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Motivation

Is the causal relationship consistent across different observational levels?

𝑋& is the cause of 𝑌&, but #𝑋 may not be the cause of #𝑌.
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Linear

𝑌! = 𝑎𝑋! +𝑁!
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Linear

+𝑌 = 𝑎 +𝑋 + ,𝑁

Thanks to additivity and homogeneity 
of linear transformation:

𝑌! = 𝑎𝑋! +𝑁!

Gong, M., Zhang, K., Schölkopf, B., Glymour, C., & Tao, D. (2017, August). Causal 
discovery from temporally aggregated time series. UAI 2017



Causal model: Ground truth:

Accuracy in linear case Accuracy in non-linear case



Motivation

Many real-world observational data can be considered as the result of 
aggregation from fine-grained, micro-level, non-linear causal 
processes. How can we trust the real-world results from non-linear 
causal discovery methods given that the causal relationship may be 
inconsistent across different levels?

Our work focuses on:
• When will the causal discovery fail or succeed on aggregated data?
• How the causal discovery results go wrong?



Functional Consistency (LiNGAM, ANM…)
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Functional Consistency

Direct LiNGAM
Additive noise model:
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Conditional Independence Consistency (PC, FCI…)
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Rejection Rate for CIT:
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PC algorithm:
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1.Skeleton Discovery: 2.Finding V-structures: 

Suffer from aggregation Not affected by aggregation





Thanks for listening!


