How to quantify the quality of a seismic-well tie or a match between a machine learning prediction and true properties?

Usually we use the correlation coefficient as a metrics, but that does not measure the amount of information contained in the data. Needed is and the accuracy (how closely for example prediction matches the truth) and how much useful information is involved.

An interesting comparison: When a signal is chaotic it can contain much information, namely the value of a next sample is unpredictable and observing it is informative, but when it is a cosine function (not chaotic at all) the next sample can easily be predicted and thus does not contain new information / surprises.

There are better additional evaluation metrics:
· Shannon entropy: measures the information content; the higher the bandwidth, the more information.
· Cross entropy: measures how well the prediction pdf matches the true pdf; the lower , the better the prediction.
· Variation of information: measures the information difference; true distance between prediction and true pdf’s.
· Channel capacity: identifies useful bandwidth; how much information can be transmitted.

Using a combination of these metrics provides a more complete and reliable assessment of both prediction accuracy and information content.

See for more information Castagna et al., TLE2026, N5.
