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Magnetotelluric (MT) is a significant electromagnetic exploration method. However, due to uneven distribution of surface charges and other factors, static shift often affects observed data, reducing the accuracy of inversion and interpretation. Correcting static shift through data processing remains a challenging task. Based on the characteristic that static shift affects only apparent resistivity data without impacting phase data, this paper proposes an inversion strategy that avoids static shift correction. At sites affected by static shift, apparent resistivity data are excluded, and only phase data are used in the inversion. Synthetic and field data tests indicate that the reduced inclusion of apparent resistivity data has minimal impact on inversion results, and due to the exclusion of data influenced by static shift, the inversion accurately reflects deep anomalous structures. This demonstrates that by excluding apparent resistivity data and relying solely on phase data at static-shifted sites, accurate inversion results can be achieved without additional static shift correction.
Keywords: magnetotellurics, inversion, apparent resistivity, impedance phase, static shift
1 INTRODUCTION
In the 1950s, Tikhonov and Cagniard independently developed a geophysical exploration technique that uses natural electromagnetic fields to probe subsurface electrical structures: the magnetotelluric (MT) method (Tikhonov, 1950; Cagniard, 1953). MT offers several advantages, including low cost, substantial exploration depth, and ease of field deployment. Consequently, MT has found widespread applications in earth sciences, mineral exploration, and engineering geological surveys (Cai et al., 2017; Jiang et al., 2022).
Static shift is a common source of data distortion in MT. Since MT sounding technology was first put into practical use, the static shift effect has been a persistent issue (Chave and Jones, 2012). Due to small shallow heterogeneities, surface charge accumulation generates an electric field that superimposes on the natural induction field. This frequency-independent interference results in a uniform scaling of the electric field signal across the entire frequency range. Consequently, the apparent resistivity curve shifts upward or downward on a log-log plot, while the phase curve remains unaffected (Sasaki, 2004).
Numerous methods have been developed to correct static shift, including the reference station method (Jiracek, 1990; Wang, 1992; Duan, 1994), spatial filtering methods (Bostick, 1986; Luo et al., 1991; Guo et al., 2022), and phase correction methods (Beamish and Travassos, 1992; Yang et al., 2001; Qiu et al., 2012). However, some of these approaches fail to fully correct static shift, while others introduce new challenges, such as increased costs and procedural complexity. As a result, static shift correction remains a complex and labor-intensive process in MT, often requiring considerable time and effort with limited effectiveness.
The impact of static shift on MT data remains an unresolved challenge. To address this issue, we conducted a detailed study as presented below. After analyzing several mainstream static shift correction methods and examining the characteristics of static shift’s influence on MT data, we found that static shift primarily affects the apparent resistivity curves at a limited number of measurement sites. Based on this observation, we proposed a novel inversion strategy to mitigate the effects of static shift: during the inversion process, we exclude the apparent resistivity data from affected sites and rely solely on phase data. This approach eliminates the need for explicit static shift correction. Phase data can reflect the basic morphology of the subsurface electrical structure, when combined with apparent resistivity data from undisturbed sounding sites, the internal morphology of the subsurface can be inverted. We further validated the reliability of this method using synthetic data inversion and successfully applied it to field data inversion.
2 THE APPROACHES FOR STATIC SHIFT CORRECTING
Since the 1970s, when it was recognized that the apparent resistivity curve in MT is affected by static shift, various static shift correction methods have been developed. Commonly used methods include coincidence first branch (Wang, 1992; Duan, 1994), spatial filtering (Bostick, 1986; Luo et al., 1991; Guo et al., 2022), and joint interpretation (Sternberg et al., 1988; Spitzer, 2001; Tripaldi et al., 2010). A brief introduction to each of these methods follows.
2.1 Coincidence first branch
If there are no three-dimensional shallow heterogeneities, the shallow medium is approximately one-dimensional, the high-frequency portions of the apparent resistivity curves Rxy and Ryx should coincide. In early studies, their non-coincidence in the high-frequency range was often attributed to static shift effects. If it is determined that one of them is not affected by static displacement, then the curve of the other one, which has static displacement effects, can be shifted onto the curve of the unaffected one, so that they coincide at the high-frequency region. This approach is commonly known as coincidence first branch method.
Two-dimensional forward modeling results indicate that in a 2D situation, only the TM polarization mode is affected by static shift, while the TE mode apparent resistivity curve remains stable (Berdichevsky et al., 1998). Thus, for sites of static shift, the TM mode curve can be adjusted to align with the TE curve in the high-frequency region to correct for static shift (Jiracek, 1990). However, three-dimensional forward modeling shows that small 3D shallow heterogeneities can cause static shifts in both curves (Wang, 1997), it is difficult to determine the reasonable position of the curves. In such cases, if the local structure near the survey area is relatively simple, adjacent measurement sites may have similar curve patterns, allowing one to serve as a reference for static shift correction through the coincidence first branch (Wang, 1992; Duan, 1994; Yang et al., 2015).
This method is simple and efficient, making it the most commonly used approach for static shift correction. However, since selecting an appropriate reference curve can be challenging, the effectiveness of this method often depends on the subjective judgment of the analyst, resulting in variable correction outcomes.
2.2 Spatial filtering
The spatial filtering method assumes that along the survey line, variations in apparent resistivity reflect gradual changes in the subsurface electrical structure. Since small shallow heterogeneities affect apparent resistivity in the wavenumber domain as high-frequency components, low-pass filtering can be applied to suppress and correct static shift (Guo et al., 2022).
The spatial filtering method begins by identifying sounding sites that contain static shift. Using data from neighboring sites, static shift correction can then be performed. For this, select high-quality frequency data from each sounding sites (within a frequency range from [image: image] to [image: image], providing n−m+1 frequency points). Next, the geometric mean [image: image] of the apparent resistivity for the chosen frequency points at each sounding site is obtained using Equation 1:
[image: image]
Where [image: image] denotes the measurement sites and [image: image] represents the frequency points, [image: image] is the measured apparent resistivity at the [image: image] frequency point for the [image: image] measurement site. Appropriate filter window size and coefficients need to be selected, with five-point and seven-point filtering methods commonly in use (Luo et al., 1991). The filtered resistivity [image: image] can be calculated using the five-point filtering method, as specified in Equation 2:
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Or using the five-point filtering method, as specified in Equation 3:
[image: image]
The static shift correction coefficient can be obtained by Equation 4.
[image: image]
Finally, each site’s static shift correction coefficient is multiplied by the measured apparent resistivity value at the corresponding frequency, resulting in the corrected apparent resistivity.
The EMAP method (Bostick, 1986; Luo, 1990) is a type of spatial filtering method that achieves static shift correction by increasing the density of measurement sites and directly smoothing the electric field signal through multi-electrode observations. While this approach is considered effective for static shift correction, it notably raises observation costs and diminishes lateral resolution, potentially limiting its practicality in some applications.
2.3 Joint interpretation
The joint interpretation method typically uses the curve from the Transient Electromagnetic (TEM) as a correction standard, aligning the initial segment of the MT apparent resistivity curve with the TEM curve. This approach is effective because TEM only measures the magnetic field, while static shift is caused by electric field distortion; therefore, TEM data are not affected by static shift.
The skin depth of MT [image: image] is
[image: image]
The skin depth of TEM [image: image] is
[image: image]
Combine Equation 5 with Equation 6, if [image: image], the conversion relationship between the two can be obtained.
[image: image]
Where [image: image] is in Hz and [image: image] is in ms. Using Equation 7, the TEM apparent resistivity curve can be transformed into the frequency-domain. This transformation enables the MT apparent resistivity curve to be aligned with the TEM curve, facilitating a smooth connection and achieving static shift correction for the MT apparent resistivity data.
In practice, the joint interpretation method does not strictly require the use of TEM; any resistivity sounding technique with minimal sensitivity to shallow lateral heterogeneities may be applied (Wang, 1992; Spitzer, 2001; Tripaldi et al., 2010). Furthermore, this approach tends to increase observation costs substantially, and because Equation 7 is an empirical formula, it may introduce errors when applied to complex geological models, potentially impacting accuracy.
3 CONSIDERATIONS ON THE NECESSITY OF STATIC SHIFT CORRECTION
Static shift correction methods also include the wavelet transform (Song et al., 1995; Zhang et al., 2002; Trad and Travassos, 2012), which performs multi-scale decomposition and static shift correction of signals in the time domain. This method requires careful parameter selection, making it susceptible to subjective influence, and often results in either under-correction or over-correction. The phase shift method (Yang et al., 2001; Qiu et al., 2012) uses the Hilbert transform to derive the apparent resistivity amplitude from its phase, thus correcting the distorted apparent resistivity curve. However, because this approach relies on an indefinite integral, it introduces an undetermined constant, effectively creating an additional, unpredictable static offset. Some researchers have applied tensor decomposition in the context of static displacement correction (Gao and Zhang, 1998; Wang, 1998). However, it was explicitly stated during the development of impedance tensor techniques that impedance tensor decomposition can only address local distortions within the curve and is ineffective for correcting static offset (Groom and Bailey, 1989; Calderón-Moctezuma et al., 2022).
As previously mentioned, despite years of development and numerous proposed methods, a simple, effective, and universally applicable approach to static shift correction remains elusive. Moreover, the correction process can sometimes introduce additional errors. However, extensive practical applications suggest that even without static shift correction, most three-dimensional inversions can closely match observed curves for data from high-quality measurement sites, with only a few exceptions showing difficulties in matching apparent resistivity curves. For these outliers, if the inversion-fitted curves are similar in shape but differ by a static shift factor, the observed curves could be shifted to align with the fitted curves, effectively achieving static shift correction. However, since the apparent resistivity curve shape can be derived through the Hilbert-transform of the phase (Fischer and Schnegg, 1980), one might question the necessity of this adjustment. Does the shifted curve contribute meaningfully to the inversion? If not, is static shift correction for MT apparent resistivity truly essential?
Based on the above considerations, this paper proposes an approach that omits the apparent resistivity data from static shift affected sites and retains only their phase data for two-dimensional and three-dimensional inversions. This approach bypasses the need for static shift correction and minimizes the influence of static-shifted data on inversion results. Research indicates that while inversions based solely on phase curves cannot determine absolute resistivity values or precisely calibrate structural depths, they effectively constrain internal structural variations and offer reliable morphological details. Since most measurement sites in a survey area do not exhibit static shifts (as evidenced by successful two- and three-dimensional fits), retaining only phase data for the few static-shifted sites mitigates the impact of small heterogeneities and preserves the essential details of the internal electrical structure. The following inversion results based on theoretical model and field data validate this approach.
4 CASE STUDY
We used synthetic data to verify the feasibility and effectiveness of the proposed new method. Two-dimensional synthetic data were generated through forward modeling with a finite element direct iteration method program (Chen and Hu, 2002). For three-dimensional synthetic data, we used the dataset developed by Cai and Chen (2010). The inversion was applied using the MT-Pioneer software (Chen et al., 2004), which Integrates the Nonlinear Conjugate Gradient (NLCG) inversion algorithm developed by Rodi and Mackie, 2001.
For two-dimensional magnetotelluric inversion, three data modes are available: TE-mode, TM-mode, and combined TE+TM mode inversion. In two-dimensional cases, small surface electrical heterogeneities typically affect TM-mode data. Previous studies (Wannamaker et al., 1984; Chen et al., 2006; Cai and Chen, 2010) have demonstrated that TM-mode inversion results outperform those from TE-mode or combined TE+TM inversion when applied to synthetic data derived from three-dimensional models. Therefore, this paper utilizes two-dimensional TM-mode inversion to reconstruct the subsurface electrical structure from two-dimensional synthetic data.
4.1 2D model
Model I is a two-dimensional model (Figure 1), similar to the static effect model previously designed by Zhang et al. (2016). The background resistivity of the model is 100 Ωm and contains two small anomalous bodies located on the surface. Each anomalous body has a length of 4 m, a height of 4 m, and resistivities of 1,000 [image: image] and 10 [image: image], respectively, to generate static effects. Directly beneath each small anomaly is a larger anomalous body, with a top depth of 2000 m, a length of 6,000 m, and a height of 6,000 m, with resistivities of 10 [image: image] and 1,000 [image: image], respectively, which are the targets to be detected. The distance between these larger anomalous body is 6,000 m, and their boundaries are sufficiently far from the forward modeling boundaries. The forward modeling frequency range is from 0.0001 Hz to 1,000 Hz, covering 60 frequency points in total.
[image: Figure 1]FIGURE 1 | Model I Schematic. The red anomaly body has a resistivity of 10 Ω m, while the blue anomaly body has a resistivity of 1,000 Ω m. The edge length of the shallow anomaly body is 4 m, and the edge length of the deep anomaly body is 6 km.
The apparent resistivity profile obtained from forward modeling for Model 1 is shown on the Figure 2A. After removing the small anomalous bodies from the surface while keeping other conditions unchanged, the apparent resistivity profile obtained from forward modeling is shown on Figure 2B. In Figure 2A, some sites exhibit static shift, which appear as steep stripes in the profile. Static shift obscures the original subsurface structure and complicate data interpretation. In contrast, the phase profile (Figure 3) does not exhibit such situation. After the removal of apparent resistivity data containing static shift, the effect of static shift in the profile is significantly reduced, as shown in Figure 4. This reduction provides justification for using phase inversion without the need for static shift correction.
[image: Figure 2]FIGURE 2 | The TM apparent resistivity profile for model I (A) and model I without small anomalous bodies (B). The numbers at the top of the image represent the measurement site names, though not all measurement site names are displayed. The red numbers indicate measurement sites with static shifts (the same applies hereafter).
[image: Figure 3]FIGURE 3 | The TM phase profile for model I and model I (A) without small anomalous bodies (B).
[image: Figure 4]FIGURE 4 | The TM apparent resistivity profile with apparent resistivity data excluded at affected sites.
In the forward modeling results, a random error of 10% was added to simulate measurement errors typically found in actual data. The inversion regularization factor was set to 100, with an initial model representing a homogeneous half-space of 100 [image: image]. The floor error for apparent resistivity was set at 2%, and the phase was established at 0.57°. Sparse inversion sites were employed, with neighboring sites spaced about 5 km apart. Four different inversion scenarios were conducted: (1) inversion using the original data, (2) inversion after static shift correction, (3) inversion based on the original data with the apparent resistivity data from static shift sites discarded, and (4) inversion after discarding both the apparent resistivity and phase data from static shift sites. In the static shift correction process, the TM curve was shifted to align with the high-frequency portion of the TE curve.
All four scenarios underwent multiple inversions, with the best inversion results selected for each case. The final inversion results are shown in Figure 6, where sites 46 and 106, located above the small anomalous bodies on the surface, are identified as static shift sites.
During the inversion process, the model is more inclined to closely align with the apparent resistivity curve compared to the phase curve. As demonstrated in Figure 5A with static shift site 106 as a reference, the inversion results closely replicate the displaced apparent resistivity data, yet exhibit a slightly inferior fit to the phase data, attributed to the influence of static shift. Following the application of static shift correction, as depicted in Figure 5B, the inversion results accurately align with both the apparent resistivity and phase data once the apparent resistivity curve is restored to its expected state. Figure 5C illustrates the inversion outcomes after the exclusion of the apparent resistivity data from the static shift site 106, revealing a good fit to the phase curve. Given that static shift does not impact the phase curve, the inversion results based on phase curve fitting for static shift sites are more representative of the true model than those derived from fitting the apparent resistivity curve.
[image: Figure 5]FIGURE 5 | The fitting of measurement site 106 with frequency in the inversion results using different data. (A) Original data. (B) Date after static shift correction. (C) Original data with the apparent resistivity data from static shift sites discarded.
The inversion results using the original data are shown in Figure 6A. Due to static shift, two large anomalous bodies appear in the shallow region, while the deep low-resistivity anomaly is exaggerated, causing notable distortions in position, shape, and size. Additionally, the high-resistivity anomaly is obscured and unrecognizable. Figure 6B demonstrates that applying curve-shifting method yields excellent results, producing a smoother near-surface region and clearly distinguishable deep anomalies. Figure 6C closely resembles Figure 6B, indicating that, for this two-dimensional model, excluding the apparent resistivity data from static shift sounding sites can achieve results comparable to static shift correction. However, when phase data from static shift sites are also excluded, the lack of phase constraints results in blurred anomaly shapes and significantly deteriorates inversion quality (Figure 6D). This outcome underscores the critical role of phase data in the inversion process.
[image: Figure 6]FIGURE 6 | The results of inversion using different data. The black wireframe represents the location of the anomalous body. (A) Original data. (B) Date after static shift correction. (C) Original data with the apparent resistivity data from static shift sites discarded. (D) Discarding both the apparent resistivity and phase data from static shift sites.
4.2 3d/2d model
To further verify the reliability of this strategy, a 3D/2D model developed by Cai Juntao was utilized, with a schematic diagram shown in Figure 7 (Model II). This model was previously used in research by Cai and Chen (2010) on impedance tensor decomposition and structural dimensionality analysis.
[image: Figure 7]FIGURE 7 | Model II Schematic. The 3D shallow heterogeneities are all cubic in shape with an edge length of 40 m (Cai, 2009).
The model surface contains four anomalous bodies, each measuring 40 m × 40 m × 40 m, with two high-resistivity bodies (500 [image: image]) and two low-resistivity bodies (5 [image: image]). The forward modeling spans a frequency range from 500 Hz to 0.0005 Hz, covering a total of 45 frequency points. Following the 3D forward modeling, data from survey lines intersecting the surface anomalies are selected for 2D inversion analysis.
Four different inversion scenarios were conducted: inversion using the original data directly, inversion after two different modes of static shift correction, and inversion after removing the apparent resistivity data from static shift measurement sites.
To implement the static shift corrections, the first correction involved shifting the TM curve to align with the TE curve using the initial branch merging method. The second correction involved globally shifting the TM curve to align its high-frequency section with the background resistivity value of 100 [image: image] for the near-surface region in the forward model.
In all four scenarios, the regularization factor for inversion was set to 100. The initial model is a homogeneous half-space with a resistivity of 10 [image: image]. The synthetic data used for inversion included a random error of 10%. To obtain more accurate information about the deep structures, the impressing method (Ye et al., 2013) was employed to construct the initial model during the inversion process.
Furthermore, the best inversion results for each scenario were selected, and the final inversion results are presented in Figure 8. Additionally, when the small surface anomalies in the model were removed while keeping other conditions unchanged, the inversion results obtained after forward modeling are shown in Figure 9.
[image: Figure 8]FIGURE 8 | The inversion results of Model II. The black wireframe represents the layered structure. (A) Original data. (B) First time using static shift correction. (C) Second time using static shift correction. (D) Removing the apparent resistivity data from static shift site.
[image: Figure 9]FIGURE 9 | The inversion results of Model II without small anomalous bodies.
By comparing Figures 8, 9, it can be observed that Figure 8A exhibits near-surface anomalies that are not actually present due to static shift, particularly around the three small anomalies. A similar situation is noted in Figure 8B, where the shallow parts of both inversion results display significant irregularities. This indicates that when the model is three-dimensional, using TE apparent resistivity curve as a reference for curve translation is ineffective. However, Figure 8C shows that with a sufficient understanding of the electrical structure of the survey area, translating the TM curve to an appropriate value can yield improved inversion results. The results from the phase inversion of static shift sites in Figure 8D is similar to those in Figure 8C and closely resemble Figure 9.
Furthermore, static shift also causes a significant discrepancy in the position of the intermediate high-resistivity layer in the inversion results compared to the forward model, which is improved in Figures 8C, D. This indicates that the effects of static shift have been effectively suppressed, demonstrating that the proposed inversion strategy works well in three-dimensional situations.
It should be noted that the inversion results shown in Figures 8, 9 do not accurately reflect the deep information of the model. This is primarily due to inadequacies in the constructed mesh model for the forward modeling, which were necessary to accommodate the mesh division of the four small anomalies, resulting in significant errors in the low-frequency part of the synthetic data. To address this, a 2D model similar to Model II was designed, both with and without small surface anomalies. The results from the two-dimensional forward modeling and inversion of the synthetic data are shown in Figure 10, which better reflects the deep information of the model.
[image: Figure 10]FIGURE 10 | Inversion results of a 2D model similar to Model II. (A) Results for the 2D model without small anomalous bodies. (B) Inversion results for the original data. (C) Inversion results after static shift correction. (D) Inversion results excluding apparent.
4.3 Field test
A survey line in a specified area includes 28 sounding sites. Analysis revealed that site 51 exhibit static shift. Figure 11 displays the apparent resistivity profile along this line, where a vertical high-resistivity band appears between site 51. Removing the apparent resistivity data at this site significantly diminishes the effect of this vertical high-resistivity band. In the corresponding phase section diagram (Figure 12), no similar high-resistivity band was observed. Therefore, along this survey line, we can continue to attempt to use the inversion method proposed in this paper.
[image: Figure 11]FIGURE 11 | The TM apparent resistivity profile. (A) Original field data. (B) The apparent resistivity data excluded at affected site.
[image: Figure 12]FIGURE 12 | The TM phase profile for field data.
Two inversions were performed: one including the apparent resistivity data for site 51 and another excluding it. The results are shown in Figure 13. Overall, the difference between the two inversions is minor, indicating that for 2D field data, the effect of static shift on inversion results is less pronounced than in theoretical model inversions. However, some localized distortions remain. At the 40 km mark along the line, a high-resistivity anomaly approximately 2 km deep and 8 km thickness distorts the shapes of adjacent low-resistivity anomalies, impacting the visibility of high-conductivity zones and potentially influencing geological interpretations (represented by black rectangles in Figure 13). After discarding the apparent resistivity data from static-shift-affected sites and conducting the inversion, the resistivity variations in this region become smoother, aligning more closely with the true resistivity values.
[image: Figure 13]FIGURE 13 | Results of Field Data Inversion. (A) Inversion results for the original data. (B) Inversion results for the original data with apparent resistivity data from static shift sites removed.
5 DISCUSSION
In magnetotellurics, in addition to small surface anomalies, there are other situations, such as steep terrain, vertical fractures that cut through to the surface, and boundaries between rocks with different properties, which can also cause shifts in the apparent resistivity curve. If these factors are not properly identified, blindly applying static shift correction can easily remove data that accurately reflects the structural response. The aforementioned cases illustrate that this can have a severe impact on inversion results. Therefore, it is crucial to determine whether a measurement site is affected by static shift. Currently, static shift identification primarily relies on experience, which means there is a possibility of misidentification. When a measurement site without static shift is mistakenly identified as having static shift, which method would have a greater impact: the traditional static shift correction method or the direct discard of apparent resistivity advocated in this paper?
Figure 14 presents several inversion results based on the inversion outcome shown in Figure 6C. Assuming that measurement site 74 is misjudged as having a static shift, Figures 14B, C show the inversion results with static shift correction factors set to 5 and 0.2, respectively, while Figure 14D shows the inversion result after discarding the apparent resistivity data of measurement site 74. All other inversion parameters remain consistent with those in Figure 6.
[image: Figure 14]FIGURE 14 | The inversion results for Model (I) (A) Apparent resistivity data from two measurement sites affected by static shift are discarded, consistent with Figure 6C; (B) Static shift correction factor for measurement site 74 is 5; (C) Static shift correction factor for measurement site 74 is 0.2; (D) The apparent resistivity data for measurement site 74 is discarded.
It is clear that, after misjudgment, the traditional method of static shift correction by shifting the apparent resistivity, whether moving it upwards (Figure 14B) or downwards (Figure 14C), significantly impacts the inversion results. The upward shift (Figure 14B) causes a particularly severe distortion, likely because increasing the apparent resistivity creates high-resistivity anomalies, which in turn increases the skin depth of electromagnetic waves, resulting in a larger impact range of erroneous data. In contrast, the method proposed in this paper (Figure 14D), which involves simply excluding the apparent resistivity data of measurement site 74 from the inversion, causes negligible effects on the inversion result, with only a slight downward extension of the bottom boundary of the high-conductivity anomaly.
The same testing and processing were applied to the field data in this paper. Suppose that measurement site 26 on this profile is misjudged as a static shift site, and after applying various static shift corrections, the inversion results are compared as shown in Figure 15. From Figure 15, it can be seen that the error correction of the misjudged static shift in this field data case is not as significant as in Figure 14, but differences are still observable. When the apparent resistivity curve of measurement site 26 is multiplied by a static shift factor of 0.2, the result, shown in Figure 15B, differs slightly from Figure 15A. However, it is still evident that R1 has become notably narrower, and the scales of R2 and C have also decreased. If the apparent resistivity curve of measurement site 26 is multiplied by a static shift factor of 5, the result, shown in Figure 15C, shows a much more obvious difference compared to Figure 15A. R1 has significantly thickened, the burial depth of the top boundary of C has increased substantially, and its shape has also changed, while R2 is less affected. However, by directly excluding the apparent resistivity data of measurement site 26 from the inversion, as done in this paper, the result, shown in Figure 15D, indicates that the difference between it and Figure 15A is mainly in the continuity between measurement sites 26 and 31 in R1, which now appears more continuous, reflecting the smallest variation among the three sites.
[image: Figure 15]FIGURE 15 | The inversion results for field data, R1, R2, and C represent the anomaly bodies. (A) The inversion result after excluding the apparent resistivity data of measurement site 51, consistent with Figure 13B; (B) Static shift correction factor of 0.2 applied to measurement site 26; (C) Static shift correction factor of 5 applied to measurement site 26; (D) The apparent resistivity data of measurement site 26 is excluded.
Both the theoretical model and the field data case demonstrate that, when a static shift site is misjudged, traditional methods have a larger impact on the inversion results compared to the method proposed in this paper. Specifically, shifting the apparent resistivity upward has a much greater impact on the inversion results than shifting it downward by the same factor. In the field data case in this paper, the correction of the misjudged static shift site has a relatively small effect on the inversion results (similar to synthetic data). This may be due to the presence of a significant high-conductivity anomaly (C) beneath the measurement site, which causes the electromagnetic wave to attenuate rapidly inside, limiting the propagation of the static shift effect to more distant areas, thus reducing the range of influence.
The above examples preliminarily suggest that if static shift measurement sites are misidentified, specifically when a measurement site without static shift effects is incorrectly determined to have a static shift, the impact of the traditional processing method is far greater than that of the method proposed in this paper. The reason for the smaller impact of the proposed method is that the information contained in the discarded apparent resistivity data can be recovered through the retained phase data and the apparent resistivity data from neighboring measurement sites. After all, both 2D and 3D inversions are collaborative processes involving multiple measurement sites to reconstruct the subsurface electrical structure. Of course, if multiple measurement sites are misjudged and too much apparent resistivity data is discarded during inversion, leading to insufficient data constraints on the electrical structure background of the survey area, the inversion results will be affected. The specific impact of this scenario requires further investigation.
6 CONCLUSION
This study investigates the influence of static shift on magnetotelluric data by analyzing the inversion results of both two-dimensional and three-dimensional models, as well as field data. This analysis raises a critical question: Is static shift correction necessary for every MT project? Our findings indicate that static shift correction is not an obligatory procedure in MT.
By utilizing phase data from static shift sites as the primary input for inversion, this strategy effectively reduces subjective operator bias, provided that the static shift sites are accurately identified. Additionally, this method is straightforward and does not incur additional observational costs compared to traditional static shift correction techniques. Consequently, this inversion strategy successfully mitigates the effects of static shift in the data without increasing the expenses associated with MT data acquisition or complicating data processing workflows. This approach not only addresses the challenges posed by static shift effects on inversion results but also enhances the overall reliability of these results.
This study has limitations, including the omission of topographical effects and a lack of validation through three-dimensional inversion, based on the assumption that the forward modeling results of the theoretical model are sufficiently accurate. While various two-dimensional models were designed and validated throughout the research process, producing generally satisfactory results, actual subsurface electrical structures are often far more complex. Thus, further theoretical and practical investigations are necessary to substantiate these findings in this domain.
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