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Downward Continuation Iterative Regularization Solution Based on

Quasi-Optimal Regularization Factor Set
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Abstract: Objectives: This paper addresses a critical limitation hindering the practical application of widely
used iterative regularization methods, such as Tikhonov regularization and LLandweber regularization. The
lack of a clear strategy for optimally pairing iteration counts with regularization parameters. Methods: The
concept of a quasi—optimal regularization factor set is constructed. By analyzing the distribution of iteration
counts and regularization parameters within these sets, a strategy for selecting the best regularization factor
group is proposed. Furthermore, a formula is presented to determine the optimal regularization parameter
corresponding to a given iteration count using the L—curve method. Results: Analysis of the extension error
and the variation within quasi—optimal factor sets reveals a significant correlation between optimal regular-
ization parameters and iteration counts. When the iteration count exceeds 10, the extension solutions corre-
sponding to different quasi—optimal factor sets become nearly identical. For sufficiently large iteration
counts, any quasi—optimal factor set yields similar effects. Compared with the traditional Tikhonov regular-
ization, the proposed iterative method based on the new selection strategy produces smoother extension so-
lutions with smaller errors. However, in regions with sharp data variations, some high—frequency signals
may be filtered out as noise, leading to no significant improvement in extension performance there. Con-

clusions: The proposed iterative regularization algorithm incorporates the novel selection strategy, and
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generates smoother and more accurate extension solutions than the traditional Tikhonov method. The re-

sults demonstrate its reliability and practical utility.

Key words: downward continuation; Tikhonov regularization; iterative regularization; L—-curve
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Fig. 11 Distribution of Difference Between Downward-Continued Solutions and Theoretical True Values for Four

Quasi—Optimal Regularization Parameter Sets in Iterative Landweber Regularization
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Table 4 Statistics of Difference Between Downward—Continued Results and Theoretical True Values for Four

Quasi—Optimal Regularization Parameter Sets in Landweber Regularization

) N S 4 7 i AR ENEEE wmKRME/mGal  F/ME/mGal FHE/mGal RMSE/mGal
10 0.36 19.10 —25.85 0.012 3.967
20 0.19 18.89 —25.53 0.012 3.949
248 Landweber 1F ) {k 3
30 0.13 18.83 —25.46 0.012 3.947
40 0.10 18.77 —25.37 0.012 3.940
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