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Abstract: Deep learning-driven super-resolution reconstruction of precipitation data has achieved significant progress.
However, with the rapid proliferation of derivative models, copyright protection and provenance verification of precipita-
tion super-resolution models have become increasingly challenging. Accurately determining the derivation relationship
between a candidate model and a protected source model is therefore crucial for safeguarding the intellectual property of
precipitation super-resolution models. Nevertheless, super-resolution models produce continuous spatial fields and thus

lack the explicit decision boundaries provided by discrete labels in classification tasks. Meanwhile, independently trained
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models developed for the same task may also exhibit similar behaviors due to shared task-specific regularities and simi-
lar data distributions. To address these challenges, this paper proposes a black-box fingerprint verification method for pre-
cipitation super-resolution models based on source-behavior deviation (SBD). First, to address the absence of explicit de-
cision boundaries in continuous-field outputs, a locally conservative counterfactual paired-query method is proposed. By
bidirectionally redistributing local precipitation amounts under a conservation constraint, the method elicits model re-
sponses and constructs local behavioral representations using only the final predictions of the model. Second, to mitigate
the interference of behavioral similarity among independently trained models in derivation identification, an SBD
method based on a source-behavior reference subspace is developed. Specifically, the variation space defined by the be-
havioral responses of the source model is used as a unified reference, and the behavioral deformation of a candidate
model relative to the source model is projected onto the orthogonal complement of the source-behavior reference sub-
space. The normalized Frobenius norm is then employed to quantify the degree of orthogonal deviation that cannot be ex-
plained by the behavioral structure of the source model, thereby enabling effective verification of derivation relationships
under a strict black-box setting. Experimental results on 28 candidate models show that, with a query budget of K = 800,
SBD correctly identifies 15 source-derived models and rejects all 10 independently trained models, achieving an accu-
racy of 89.29%, a balanced accuracy of 91.7%. Relying solely on the final model outputs, SBD can effectively distin-
guish genuine derivation relationships from behavioral similarities induced by shared task characteristics under strict
black-box conditions.

Key words: black-box fingerprint verification, model fingerprint, precipitation super-resolution, source-behavior devia-
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