Coupling metrics to diagnose land-atmosphere interactions
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Dynamical Process Network
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• Principle:
o DPN is an application of transfer entropy (TE) and mutual information (MI) to
deduce coupled behavior and feedbacks in systems using pair-wise analysis of
variables as linked nodes in an overall process network with directional flows of
information that may act on a range of time scales.
o The ratio of TE to MI over various lags:
𝑇(𝑋& → 𝑌& , 𝜏)
𝑇# (𝑋& → 𝑌& , 𝜏) =
𝐼(𝑋& , 𝑌& )
gives an indication of whether the two variables are uncoupled, weakly or strongly
coupled (“feedback” or “forcing” dominated) or synchronized but not evidently
coupled (where both terms are likely strongly driven “effects” of a common “cause”
forcing).
o Sets of pairwise relationships among a suite of variables can be assessed and jointly
compared in a “network matrix” to determine linkages and information flows,
defining process chains and degrees of coupling.
• Data needs:
o Individual pairwise estimates are subject to the requirements discussed in the page
on Transfer Entropy.
o Networks can be of any number of variables, as long as each has similarly complete
time series.
o Very well suited to model output and model assessment.
• Observational data sources:
o Also highly applicable to observational data, noting that random error and missing
data will have some effect on estimates; systematic error should have little effect.
• Caveats:
o As a with TE, significance of results is established by Monte Carlo approaches.
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