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Numerous fault slip models for several large strike-slip earthquakes indicate a reduction of slip along the uppermost part of the fault (Shallow Slip Deficit, SSD). In this paper, we investigate the possibility that the SSD is an artifact due to the simplications made when we model the medium. Using a set of synthetic data for the 1992 Landers earthquake, we show that while neglecting the topography of the Landers area has a moderate impact on the retrieved slip model, neglecting variations in elastic properties, in particular the variation with depth, leads to signicant bias on the slip model and can produce 25% of artifi a smaller impact). We further show that a lack of data coverage around the fault further increases the amount of articial SSD. Moreover, wend that correlated data noise with maximum amplitude as low as 5% of the maximum surface displacement can also produce significant articial SSD. We conclude

Introduction

Fault slip models inferred from geodetic data (InSAR and GPS) for several large (Mw7+) continental strike-slip earthquakes indicate a reduction of slip near the surface, along the uppermost part of the fault. Slip is typically at a maximum between 3 and 6 km, decreasing both down-dip and up-dip towards the surface (i.e. [START_REF] Fialko | Three-dimensional deformation caused by the Bam, Iran, earthquake and the origin of shallow slip deficit[END_REF][START_REF] Dolan | How well do surface slip measurements track slip at depth in large strike-slip earthquakes? The importance of fault structural maturity in controlling on-fault slip versus off-fault surface deformation[END_REF]. Averaged over many seismic cycles, slip on crustal-scale strike-slip faults should be uniform with depth [START_REF] Reid | The california earthquake of April 18[END_REF][START_REF] Tse | Crustal earthquake instability in relation to the depth variation of frictional slip properties[END_REF]. Several hypotheses have thus been proposed to account for this Shallow Slip Deficit (SSD). One simple explanation is that the slip deficit is accommodated at some other time during the seismic cycle by smaller earthquakes. Very shallow surface rupturing earthquakes would thus be needed to relieve the remaining elastic stresses. However, given the slip deficit is generally confined to depths <5 km, where earthquakes cannot easily nucleate due to the low crustal stresses, such events are unlikely to relieve SSD. An alternative explanation is that SSD is accommodated aseismically by postseismic or interseismic shallow creep.

However, interseismic shallow creep has only been observed for a relatively small number of faults (e.g. [START_REF] Lindsey | Localized and distributed creep along the southern san andreas fault[END_REF][START_REF] Rousset | An aseismic slip transient on the north anatolian fault[END_REF], while shallow afterslip is typically too small to compensate for the slip deficit (e.g. Fialko, 2004a). Another explanation is that a part of the coseismic strain in the uppermost crust is accommodated through inelastic deformation in the volume surrounding the fault [START_REF] Simons | Coseismic Deformation from the 1999 M w 7 . 1 Hector Mine , California , Earthquake as Inferred from InSAR and GPS Observations[END_REF][START_REF] Fialko | Three-dimensional deformation caused by the Bam, Iran, earthquake and the origin of shallow slip deficit[END_REF][START_REF] Kaneko | rupture simulations with elasto-plastic off-fault response[END_REF]. Dynamic rupture simulations incorporating off-fault plastic yielding indicate that off-fault inelastic deformation can account for up to 15% of SSD [START_REF] Kaneko | rupture simulations with elasto-plastic off-fault response[END_REF]. However, this amount is substantially less than the 45% SSD that has been observed for some earthquakes [START_REF] Fialko | Three-dimensional deformation caused by the Bam, Iran, earthquake and the origin of shallow slip deficit[END_REF]. Finally, SSD, or at least a part of it, may result from modeling artifacts. [START_REF] Kaneko | rupture simulations with elasto-plastic off-fault response[END_REF] showed that inverting synthetic surface displacements produced in an elasto-plastic medium using a purely elastic forward model can produce up to 11% artificial SSD. Furthermore, [START_REF] Xu | Refining the shallow slip deficit[END_REF] showed that a significant part of the apparent SSD inferred from geodetic inversions could be an artifact resulting from a lack of data coverage close to the surface rupture. Indeed, data sparsity close to the fault reduces the resolution of the shallow part of the model.

Understanding the origin of SSD, and more generally, understanding how the deformation is distributed and accommodated within upper crustal fault zones is fundamental for correct seismic hazard estimation. If SSD is real, then fault slip rates deduced from offset geological markers could be significantly underestimated if the distributed off-fault deformation component is not captured in the offset measurement. Consequently, the estimation of seismic hazard using probabilistic approaches incorporating geological fault slip rates could lead to a systematic underestimation of the real hazard.

In this paper, we explore whether SSD could be an artifact due to the simplifications made when we model the fault slip. At present, the use of homogeneous half-space models based on analytical solutions developed by [START_REF] Okada | Internal deformation due to shear and tensite faults in a half-space[END_REF] are ubiquitous when inferring the distribution of slip on the fault during an earthquake (e.g. [START_REF] Jonsson | Fault Slip Distribution of the[END_REF][START_REF] Xu | Refining the shallow slip deficit[END_REF][START_REF] Hamling | Complex multifault rupture during the 2016 mw 7.8 kaikōura earthquake, new zealand[END_REF][START_REF] Ross | Hierarchical interlocked orthogonal faulting in the 2019 ridgecrest earthquake sequence[END_REF]. As a first order improvement of the homogeneous half-space models, some studies use stratified models that take into account the increase of the shear modulus with depth. Although using homogeneous half-space and 1D layered models is a fast and easy way to study seismic sources, it provides only a first approximation of the real structure of the crust, neglecting the surface topography and the 3D variation in elastic properties. Recent studies focusing on subduction zones show that neglecting these effects can significantly bias fault slip models (e.g. [START_REF] Williams | Effects of material property variations on slip estimates for subduction interface slow-slip events[END_REF][START_REF] Nocquet | Stochastic static fault slip inversion from geodetic data with non-negativity and bound constraints[END_REF][START_REF] Langer | Impact of topography and three-dimensional heterogeneity on coseismic deformation[END_REF]. In this paper we explore whether the same is true for a strike-slip fault in a continental setting, where variations in elastic structure and topography are more limited, and near-field data is more readily available.

Focusing on the 1992 Mw 7.3 Landers earthquake, we evaluate, through a set of forward models and synthetic inversions, how the simplifications made when we model the medium can alter the inferred slip distribution and, in particular, the amount of slip at shallow depths. We select the 1992 Mw 7.3 Landers earthquake for two reasons. First, the most recent estimation of the SSD for this earthquake, inferred from a very complete set of surface displacements (incorporating optical correlation, InSAR, GPS, and triangulation data), is 41% [START_REF] Gombert | Revisiting the 1992 Landers earthquake: a Bayesian exploration of co-seismic slip and off-fault damage[END_REF], while the amount of shallow afterslip observed for this earthquake (<20 cm) is not sufficient to account for this deficit (Fialko, 2004a). This shows that the origin of SSD for this earthquake is not fully understood and thus merits further investigation.

Secondly, a 3D high resolution velocity model is available for the Landers region, thereby allowing us to precisely estimate the 3D variations in elastic properties throughout the medium [START_REF] Share | Seismic imaging of the southern california plate boundary around the south-central transverse ranges using double-difference tomography[END_REF]. Using the finite element code PyLith [START_REF] Aagaard | A domain decomposition approach to implementing fault slip in finite-element models of quasi-static and dynamic crustal deformation[END_REF], we first show, via forward modeling with a prescribed slip distribution for the Landers earthquake, that topography and variation in elastic properties can change the surface displacement field significantly. Then, inverting these synthetic surface displacements, we show that neglecting the medium complexity can significantly alter the resulting slip distribution and produce artificial SSD. Finally, we explore how the distribution of surface data (i.e. data gaps near the fault, quadtree data discretization) and correlated data noise can impact our results.

Impact of medium complexities on the surface displacements and fault slip model

Impact of medium complexities on the surface displacements

To evaluate the impact of the topography and the 3D variation in elastic properties on the surface displacements of the Landers earthquake, we use the finite element code PyLith [START_REF] Aagaard | A domain decomposition approach to implementing fault slip in finite-element models of quasi-static and dynamic crustal deformation[END_REF]. Using the fault slip model of [START_REF] Hernandez | Contribution of radar interferometry to a two-step inversion of the kinematic process of the 1992 landers earthquake[END_REF] for the Landers earthquake (Figure 2a), we compare the surface displacement field computed in three different mediums:

(1) a medium with uniform elastic properties and a flat surface (homoflat model); (2) a medium with uniform elastic properties and topography of [START_REF] Hernandez | Contribution of radar interferometry to a two-step inversion of the kinematic process of the 1992 landers earthquake[END_REF].

We choose the fault slip distribution of [START_REF] Hernandez | Contribution of radar interferometry to a two-step inversion of the kinematic process of the 1992 landers earthquake[END_REF] as our input slip model for this synthetic study because the fault geometry of this model is simple (composed of 3 segments) and thus easy to model. The mesh of the finite element model is constructed with the Trelis software. For each case, the dimension of the finite element model is 1,200 km x 600 km x 600 km along east, north, and vertical directions, respectively, and contains ∼1 million tetrahedra cells. To reduce the computation time, while keeping accurate results near the fault, the cell size is 2 km on and within 100 km of the fault, gradually decreasing to 20 km toward the edges of the model. We use the ASTER GDEM downsampled at 5 km to model the surface topography.

For the homogeneous mediums (models 1 and 2), we assume a Poisson ratio of 0.26. For the heterogeneous medium, we derive the 3D elastic properties using the new 3D Southern California velocity model of [START_REF] Share | Seismic imaging of the southern california plate boundary around the south-central transverse ranges using double-difference tomography[END_REF], applying the empirical relationship of [START_REF] Brocher | Empirical relations between elastic wavespeeds and density in the earth's crust[END_REF] to estimate the density from P-wave velocities. Although the elastic properties of our model vary in the three directions, in the area of interest, the variation with depth is significantly greater than the horizontal plane. A cross-section and various profiles showing the depth and lateral variations of the shear modulus are shown in Figure S1. To evaluate the accuracy of our finite element model, the surface displacements of the homo-flat model are compared with those computed using the analytic solution of Okada (Figure S2). The differences are very small (∼ 1.5% over distances of ∼10 km from the fault) and mainly due to differences in the fault discretization between the FEM and Okada models. Results of the comparison between the surface displacements produced by the homo-flat, homo-topo, and hetero-topo models are shown in Figure 1. When the topography is taken into account, differences with the homogeneous and flat model are up to 6 cm (Figure 1, second row) and are localized within ∼30 km of the fault. When both the topography and the heterogeneous elastic properties are considered, significant differences with maximum amplitudes of 15 cm are visible across the entire region (Figure 1, third row). On the north-south component, the differences show that the amplitude of the displacements of the hetero-topo model are lower than those of the homo-flat model.

2.2. Impact of neglecting the complexities of the medium on the inferred fault slip model

To evaluate the impact of neglecting the complexities of the medium on the inferred slip model, we invert the synthetic surface displacement field computed in the non-flat and heterogeneous mediums using Green's functions calculated in the homogeneous and flat medium. In doing so, we aim at reproducing a typical slip inversion scenario in which real coseismic displacements are inverted assuming a simplified representation of the crust (i.e.

elastic half-space). The objective is to evaluate the error made on the inferred fault slip model. We perform three inversions, one for each synthetic data set computed in the previous section. The slip on the fault is retrieved using a constrained least square inversion [START_REF] Coleman | A reflective Newton method for minimizing a quadratic function subject to bounds on some of the variables[END_REF]) and a Laplacian smoothing operator is implemented to reduce the slip variations between neighboring patches. For each inversion, we constrain the slip between 0 and 15 m, and we fix the rake to 180°. We thus resolve the following system of equations:

  d 0   =   G HoF λD   m (4)
where d is the synthetic data vector computed in one of three tested mediums (i.e. d HoF , d HoT o , or d HeT o ), G HoF is the Green's function matrix relating the surface displacements to the slip model in the homogeneous and flat medium, m the vector of parameters we are solving for (right-lateral slip on each sub-fault), D the second-order finite difference operator, and λ the smoothing factor. We set λ according to an L-curve criterion (Figure S3) and use the same value for the three inversions.

Figure 2 shows the resulting slip models for the three inversions, along with their moment magnitude, and residual displacement (relative to the input slip model). When the homo-flat synthetic data are inverted, the input slip model is very well retrieved (Figure 2b), given the same Green's function matrix is used in both the forward and inverse model. The only noticeable difference is that the retrieved slip model is slightly smoother than the input slip model. When the homo-topo data are inverted, the input slip model is quite well retrieved, although there are some significant differences at depths of 10-15 km (average difference: +0.70 m). Indeed, slip in the homo-topo model extends deeper in the crust than in the input slip model (Figure 2c). This leads to a slightly higher moment magnitude for this model. Finally, when the hetero-topo data are inverted, the slip is well retrieved between 0-3 km, largely overestimated between 3-6 km (average difference: +0.74 m), and underestimated between 6-15 km (average difference: -0.82 m, Figure 2d). The moment magnitude is slightly lower than in the input slip model.

The distributions of normalized cumulative slip with depth for the input slip model and for the three retrieved slip models are shown in Figure 3. As the amount of SSD is dependent on the smoothing applied (e.g. [START_REF] Gombert | Revisiting the 1992 Landers earthquake: a Bayesian exploration of co-seismic slip and off-fault damage[END_REF][START_REF] Huang | Fault geometry inversion and slip distribution of the 2010 mw 7.2 el mayor-cucapah earthquake from geodetic data[END_REF][START_REF] Li | Evidence of fault immaturity from shallow slip deficit and lack of postseismic deformation of the 2017 m w 6.5 jiuzhaigou earthquake[END_REF], we also plot the distribution of normalized cumulative slip with depth for the range of models located in the "corner" of the L-curve (shaded area around the solid line in Figure 3 and Figure S3). This allows us to estimate the SSD uncertainty due to the smoothing. The SSD of the homo-flat model is higher than the SSD of the input slip model (16±0.8% versus 10%, respectively), while the SSD of the homo-topo model is slightly lower (8±0.6%). It is also worth noting that the profiles of cumulative slip with depth for the input and homo-flat slip models look quite different, particularly at depth, due to the smoothing applied. For the hetero-topo model, the difference is much more significant, with a SSD of 35±4%, ∼3.5 times larger than the SSD of the input slip model. Given this large increase only occurs in the hetero-topo model, this artificial SSD must result from neglecting the variations in elastic properties when we computed the Green's functions. To confirm this, we also perform the hetero-flat inversion (i.e. inversion of the synthetic data computed in a heterogeneous and flat medium) and find that the slip distribution and the amount of artificial SSD of the hetero-flat and hetero-topo models are very similar (Figure S4). InSAR data, they showed that adding near-field data decreases the inferred SSD by ∼30%. Furthermore, to reduce computation time, high-resolution data are often discretized using a quadtree algorithm (e.g. [START_REF] Jonsson | Fault Slip Distribution of the[END_REF]. This algorithm keeps high spatial sampling in areas where the displacement gradients are high (i.e. near the fault for strike-slip earthquakes)

and downsamples data in areas where the displacement gradient is low. By increasing the number of points near the fault, a quadtree decomposition gives higher weight to near-fault data used in the inversion, while decreasing the weight of far-field data. Such a difference in the data distribution may also impact the inferred fault slip, especially if the shallow elastic structure (and topography) differ substantially from the homogeneous-flat case (i.e. erroneous Green's functions in the shallow crust may be weighted more strongly in the inversion).

In this section, we evaluate the impact of the surface data distribution on the amount of artificial SSD inferred from the hetero-topo inversion experiment (i.e. Section 3). We first evaluate the impact of data gaps around the fault having different sizes (5, 10, and 15 km, Figure S6). Then, we evaluate the impact of a quadtree distribution compared to a uniform data distribution (Figure S6). The retrieved slip models of the data gap and quadtree tests are shown in Figure 4 and S7, while the distribution of cumulative slip with depth are shown in Figure 4. The residuals between data and model predictions for each model are shown in Figure S8.

As the data gap increases close to the fault, the resulting slip decreases between 0 and 2 km (mean slip of ∼2, 1.6, and 1.3 m for a data gap of 5, 10, and 15 km), and increases between 2 and 6 km (mean slip of ∼3.1, 3.8, and 3.9 m for a data gap of 5, 10, and 15 km). Consequently, the shallow slip deficit increases with the width of the data gap (Figure 4, SSD of 45±6%, 60±9% and, 68±11% for a data gap of 5, 10, and 15 km, respectively). The shallow slip being less constrained when there is not data close to the fault, the SSD uncertainty increases with the width of the data gap (Figure S9).

The main differences between the slip model obtained with evenly distributed data versus the one obtained using a quadtree distribution is that slip extends deeper in the latter case, while the amplitude at mid-depths is also lower (Figure 4, ∼2.8 m), thereby leading to a reduction in SSD (Figure 4, 25±1.5%). Finally, when the surface data have a quadtree distribution and a data gap of 10 km width close to the fault, the inferred SSD is 44±2.8%

(Figure 4).

To evaluate if the impact of the data distribution is identical when the medium is well represented by the Green's functions, we perform the same test for the homo-flat case. We find that the retrieved slip models are very similar whatever the surface data distribution (Figure S10). Concerning the amount of SSD, we observe the same general tendency; i.e. the SSD increases when there is a data gap close to the fault and decreases when the data has a quadtree distribution, albeit at a significantly lower extent (SSD of 16%, 19% and 13.5% for the uniform, 10 km data gap, and quadtree distribution respectively, Figure S11). Indeed, for the homo-flat case, the Green's functions used to compute the synthetic data are identical to the Green's functions used in the inversion; the model that best fits the data is therefore very similar regardless of the surface data distribution.

Impact of correlated noise on the amount of SSD

InSAR and optical data used in inversion studies exhibit correlated data errors that arise from a multitude of sources (e.g. phase propagation delays through the atmosphere for InSAR data or difference in shadowing between pre-and post-images for optical data). This noise can be partially fit by the inversion and therefore can bias the inferred slip model. To evaluate the impact of noise on our results, we add synthetic correlated noise with correlation length L c and maximum amplitude A max to the synthetic data.

We test correlation length values of 2 km, 5 km, and 10 km and maximum amplitude values of 1 cm (low noise), 5 cm (medium noise), and 10 cm (high noise) corresponding to 0.4%, 2%, and 4% of the maximum surface displacement. For each noise characteristic (correlation length and maximum amplitude), 300 simulations of noise are generated (Figure S12). Each noise simulation is then added to the original synthetic data and the 300 new datasets are inverted using the Green's functions computed in a homogeneous and flat medium. We test the impact of noise on the homo-flat and heterotopo inversions and for the various data distributions tested previously (i.e.

uniform data distribution, near-fault data gap of 10 km width, quadtree distribution, and quadtree distribution with a near-fault data gap of 10 km impact on the SSD (Figure 5). The mean SSD is similar to the equivalent test without noise and the range of SSD inferred is narrow (e.g. 16.5±0.5% and 35%±0.4% for the uniform homo-flat and uniform hetero-topo cases, respectively). As the noise amplitude increases, the mean SSD differs, albeit slightly, from the case without noise while the standard deviation of SSD widens (e.g. from 35%±0.4% for an amplitude of 1 cm to 33.6%±4% for an amplitude of 10 cm in the uniform hetero-topo case). The same holds when the correlation length of the noise increases (Figures S15 andS16). Moreover, the range of SSD is wider when there is a data gap close to the fault, in particular for the homo-flat case (17.2±3% for the uniform data distribution and 5 cm noise and 19±7% for the distribution with the data gap and 5 cm noise). Generally, noise affects the homo-flat cases more than hetero-topo cases. This is shown by the range of inferred SSDs which is systematically larger for homo-flat cases than hetero-topo cases, and by the larger variability of the slip in the homo-flat models (see standard deviation plots in Figures S13 andS14, and the animated figures available in the electronic supplements of this paper). In the hetero-topo cases, the differences between the Green's functions used to compute the synthetic data (G HeT o ) and the ones used in the inversion (G HoF ), which are of similar order of magnitude as the noise but spatially more coherent (Figure 1), have a larger influence on the retrieved slip model than the synthetic noise. Consequently the noise has a lower influence on the hetero-topo slip models than on the homo-flat slip models.

Finally, our results show that the homo-flat models can have SSD up to 40% for a correlation length of 5 km and up to 46% for a correlation length of 10 km. Therefore, even when the medium is well described by the Green's functions, slip models can exhibit artificial SSD solely due to noise in the data. 

Impact of neglecting a damage zone on the amount of SSD

Major faults are surrounded by zones of highly damaged rocks associated with a reduction of the elastic moduli (e.g. [START_REF] Chester | Internal structure and weakening mechanisms of the san andreas fault[END_REF][START_REF] Li | High-resolution structures of the landers fault zone inferred from aftershock waveform data[END_REF][START_REF] Fialko | Probing the mechanical properties of seismically active crust with space geodesy: Study of the coseismic deformation due to the 1992 mw7. 3 landers (southern california) earthquake[END_REF]. For the Landers fault zone, a damage zone ranging from 360-1100 m width with a reduction of the shear modulus of 80% compared to the surrounding medium has been inferred seismologically and geodetically [START_REF] Li | High-resolution structures of the landers fault zone inferred from aftershock waveform data[END_REF][START_REF] Peng | Quantitative analysis of seismic fault zone waves in the rupture zone of the 1992 landers, california, earthquake: evidence for a shallow trapping structure[END_REF][START_REF] Gombert | Revisiting the 1992 Landers earthquake: a Bayesian exploration of co-seismic slip and off-fault damage[END_REF]. The depth extension of the damage zone is not well constrained and estimated values range from ∼3 km to ∼7 km depth [START_REF] Li | High-resolution structures of the landers fault zone inferred from aftershock waveform data[END_REF][START_REF] Peng | Quantitative analysis of seismic fault zone waves in the rupture zone of the 1992 landers, california, earthquake: evidence for a shallow trapping structure[END_REF]. The resolution of the 3D velocity model we used in this study is too low for the damage zone to be visible. The potential effect of neglecting a damage zone on the retrieved slip model is thus not assessed in our previous tests. Therefore, in this section, we evaluate the impact of a damage zone on the distribution of slip with depth, and on the amount of SSD. We test damage zone widths of 500 m and 1000 m centered on the fault, and we extend the damage zone to 7 km depths. We apply a shear modulus in the damage zone equal to 20% of the shear modulus of the surrounding medium. Surface displacement differences between the homogeneous medium and the medium incorporating a damage zone are shown in Figure S17, and a comparison of profiles across the fault in the different mediums are shown in Figure S18. Significant differences are observed within 10 km of the fault; ∼6.5 cm for the 500 m damage zone, and ∼9 cm for the 1000 m damage zone (Figures S17 andS18). The profile comparison shows that when a damage zone is incorporated, a larger part of the deformation is accommodated within this damage zone (i.e. a higher gradient displacement within the damage zone compared with the homogeneous case).

The impact of neglecting a damage zone on the distribution of slip with depth has already been evaluated by [START_REF] Barbot | Effect of a compliant fault zone on the inferred earthquake slip distribution[END_REF], who showed that neglecting the damage zone mainly impacts the overall slip amplitude on the fault. However, a mismodelled damage zone coupled with a lack of near-fault data could lead to an underestimation of the slip at shallow depths as the amplitude of the surface displacement outside the damage zone is lower in the damage zone model than in the homogeneous model (see Figure S18).

We thus run two inversions, one incorporating data points within the damage zone, and the other with data points located only outside the damage zone.

The mean retrieved slip with depth, as well as the cumulative slip with depth are shown in Figure S19. Whatever the surface data distribution, the slip amplitude of the damage zone models are generally lower than the slip amplitude of the input slip model (Figure S19a,c). When there are data points within the damage zone, the surface slip (0-1 km depth) is well retrieved (mean slip of 2.69 m, 2.70 m, and 2.65 m for the 500 m damage zone, 1000 m damage zone, and input slip models, respectively). However, when no data points are located within the damage zone, the surface slip is slightly underestimated (mean slip of 2.4 m and 2.3 m for the 500 m and 1000 m damage zone models, respectively). Consequently, there is no artificial shallow slip deficit in the first case (SSD of 8%, 6%, and 10% for the 500 m damage zone, damage zone 1000 m, and input slip models, respectively, Figure S19b) and a slight artificial SSD in the second case (SSD of 16%, 16%, and 10% for the 500 m damage zone, damage zone 1000 m, and input slip models respectively, Figure S19d). The impact of neglecting a damage zone on the SSD is therefore significantly less important than the impact of neglecting the variations in elastic structure with depth (Figure 3).

Discussion

Neglecting the variation in elastic properties can produce artificial SSD

Results presented in section 2 show that, in the example considered here, the topography has a moderate impact on the surface displacements (Fig-

ure 1). Consequently, neglecting the contribution of topography when inverting for the slip at depth leads to a limited bias on the inferred slip model (Figure 2c). The only noticeable difference is that the slip extents deeper in the retrieved slip model than in the input slip model (Figure 2c and 3).

The moderate impact of the topography is due to the limited topographic variation across the Landers region, with a maximum altitude difference on both sides of the fault of around 200 m. On the contrary, the variations in elastic properties have a significant impact on the surface displacements (Figure 1) and neglecting them leads to significant bias in the slip model (Figure 2d). In particular, our results show that, by neglecting variations in elastic properties, we significantly overestimate slip at ∼4.5 km depth, which leads to an increase in shallow slip deficit of 25% (Figure 3).

The elastic properties inferred from the velocity model used in section 2 vary mainly with depth, whereas the lateral variations are more moderate (Figure S1). Thus, we should obtain results similar to those presented in section 2 (i.e. Figure 2d) if we use a 1-D layered velocity model to compute the synthetic data. To confirm this and to evaluate which features of the layered medium control our results, we compute the surface displacements resulting from 4 m of uniform slip on a 100 km long strike-slip fault in various layered mediums, and invert them using Green's function calculated in a homogeneous half-space [START_REF] Okada | Internal deformation due to shear and tensite faults in a half-space[END_REF]. We use a uniform input slip to avoid any potential effects resulting from the variation of slip with depth, or alongstrike. Moreover, for practical reasons, we use the code of [START_REF] Wang | Computation of deformation induced by earthquakes in a multi-layered elastic crust-fortran programs edgrn/edcmp[END_REF] rather than Pylith to compute the synthetic displacements in the various layered mediums. We test 4 layered mediums. The three first mediums are composed of one weak layer of 30 km width overlying a homogeneous halfspace (Tests 1-3, Figure 6a), with a shear modulus ratio between the shallow and the deep layer of 0.4, 0.6, and 0.8. The fourth medium is inferred from the seismic velocity model of the Landers area [START_REF] Share | Seismic imaging of the southern california plate boundary around the south-central transverse ranges using double-difference tomography[END_REF], and is composed of 3 layers (Figure 6a) with widths of 2.5, 3, and 24.5 km and a shear modulus ratio with respect to the underlying half-space of 0.32, 0.40, and 0.6 (Test 4, Figure 6a). The mean retrieved slip with depth for tests 1-4, as well as the corresponding curves of cumulative slip with depth, are shown in Figures 6c and6d. All retrieved slip models have the same characteristics as the hetero-topo model: (1) the sub-surface slip is well retrieved, (2) slip at mid-depths of 6-8 km is overestimated, and (3) slip at greater depths (below ∼10 km) is underestimated (Figure 6c). Consequently, all models display an artificial shallow slip deficit (Figure 6d). The amount of SSD depends on the shear modulus ratio between the weak and rigid layers; the lower the ratio, the higher the SSD. The inferred SSD varies from 39% to 22% for ratios ranging from 0.4 to 0.8 (Tests 1-3, Figure 6d).

The retrieved slip model in test 4 is very similar to the retrieved slip model of test 2 in the shallowest half of the fault (0-8 km depth). Consequently the amount of artificial SSD in tests 2 and 4 is very similar (31% versus 33%).

Given, the only difference between those tests is the presence of the two shallow layers in test 4, this result suggests that the strong rigidity contrast at depth (i.e. the Moho), far below the down-dip extent of the fault, exerts the dominant control on the retrieved fault slip distribution with depth.

This effect may (in part) account for the discrepancy seen in the depth of slip inferred from geodetic vs seismological observations (e.g. 2016 Kaikoura earthquake; [START_REF] Cesca | Complex rupture process of the mw 7.8, 2016, kaikoura earthquake, new zealand, and its aftershock sequence[END_REF][START_REF] Hamling | Complex multifault rupture during the 2016 mw 7.8 kaikōura earthquake, new zealand[END_REF][START_REF] Hollingsworth | Dynamically triggered slip on a splay fault in theMw 7.8, 2016 Kaikoura (New Zealand) earthquake[END_REF][START_REF] Wang | Complex rupture of the 13 november 2016 mw 7.8 kaikoura, new zealand earthquake: Comparison of high-frequency and low-frequency observations[END_REF].

The difference in terms of surface displacements between a homogeneous half-space and a layered medium have long been known [START_REF] Savage | Effect of crustal layering upon dislocation modeling[END_REF][START_REF] Segall | Earthquake and volcano deformation[END_REF], and analytical models show that, for homogeneous slip located in the weak layer, the surface displacement decreases more rapidly away from the fault (i.e. the deformation is more concentrated close to the fault) in the layered medium compared with the homogeneous half-space (Figure 6b).

Considering this, it is not obvious how neglecting the elastic properties when inverting for fault slip leads to an overestimation of the slip at depth. Indeed, the only expected effect would be to underestimate the fault width [START_REF] Segall | Earthquake and volcano deformation[END_REF]. If the only parameters that we invert for are the fault width and a uniform slip, we would obtain the correct slip but with a shallower fault depth (Figure S20). However, when the slip is allowed to vary with depth, the slip model that best fits the data is a model with an increase of slip at mid-depths, while the shallow slip is correctly retrieved because it is constrained by nearfield surface observation. Therefore, when normalized to the maximum slip, the slip model displays an artificial shallow slip deficit.

Our findings suggest that an inversion accounting for a layered model should not produce significant artificial shallow slip deficit. To confirm this, we invert the hetero-topo data using Green's functions computed in the 4layered medium shown in Figure 6a (which is a good representation of the variations in elastic properties for the Landers area). The retrieved slip model and the curve of cumulative slip with depth show that the slip distribution is quite well retrieved and has an artificial SSD significantly reduced compared to the model obtained with the homogeneous Green's functions (16% versus 35%, Figure S21).

6.2. Shallow slip deficit: a real feature or modeling artifact?

It has long been recognized that coseismic slip at depth is often higher than the surface slip (e.g [START_REF] Thatcher | Earthquake fault slip estimation from geologic, geodetic, and seismologic observations; implications for earthquake mechanics and fault segmentation[END_REF][START_REF] Fialko | Three-dimensional deformation caused by the Bam, Iran, earthquake and the origin of shallow slip deficit[END_REF][START_REF] Dolan | How well do surface slip measurements track slip at depth in large strike-slip earthquakes? The importance of fault structural maturity in controlling on-fault slip versus off-fault surface deformation[END_REF]. This observation has raised several questions: what are the mechanical processes that prevent fault slip from propagating fully to the surface, and how and when in the seismic cycle is this deficit of slip accommodated? Is the SSD accommodated on or off the main fault? Is the SSD an artifact? Answering these questions is essential for fully understanding how faults rupture the crust in response to tectonic loading. A more complete understanding of faulting in the shallow crust is of great importance to society given the key role the latter plays in modulating strong ground motions during earthquakes. Moreover, better characterization of how faults rupture the shallow crust is essential for the correct estimation of seismic hazard using probabilistic approaches, especially when incorporating Quaternary-derived fault slip rates [START_REF] Dolan | How well do surface slip measurements track slip at depth in large strike-slip earthquakes? The importance of fault structural maturity in controlling on-fault slip versus off-fault surface deformation[END_REF]. Over longer times-scales, structural models of fault zone evolution, and the role played by on-vs off-fault processes in fault growth, are both subject to mechanical processes operating over individual earthquakes.

We show that neglecting the variations with depth of elastic properties can produce artificial SSD by overestimating the slip at depth. Additionally, we show that a lack of near-fault data further increases the amount of artificial SSD by reducing the slip in the subsurface (see also [START_REF] Xu | Refining the shallow slip deficit[END_REF].

Our results imply that SSD inferred in previous inversion studies based on a homogeneous half-space approach could be significantly overestimated, and perhaps even non-existent (e.g. [START_REF] Funning | Fault slip in the 1997 Manyi, Tibet earthquake from linear elastic modelling of In-SAR displacements[END_REF][START_REF] Sudhaus | Source model for the 1997 Zirkuh earthquake (Mw=7.2) in Iran derived from JERS and ERS InSAR observations[END_REF][START_REF] Hamling | Complex multifault rupture during the 2016 mw 7.8 kaikōura earthquake, new zealand[END_REF]. However, substantial SSD has also been inferred from inversion studies that use more realistic 1D forward models, and which incorporate near-fault data (e.g. [START_REF] Simons | Coseismic Deformation from the 1999 M w 7 . 1 Hector Mine , California , Earthquake as Inferred from InSAR and GPS Observations[END_REF][START_REF] Wei | Superficial simplicity of the 2010 El Mayor-Cucapah earthquake of Baja California in Mexico[END_REF][START_REF] Gombert | Revisiting the 1992 Landers earthquake: a Bayesian exploration of co-seismic slip and off-fault damage[END_REF]. Moreover, [START_REF] Simons | Coseismic Deformation from the 1999 M w 7 . 1 Hector Mine , California , Earthquake as Inferred from InSAR and GPS Observations[END_REF] inferred two slip models for the Hector-Mine earthquake, one using an elastic half-space and the other using a layered elastic medium. They found that both models have an equivalent amount of SSD (the SSD of the layered model being slightly larger than the SSD of the homogeneous model). In that case, the inferred SSD could thus be real and due (in part) to off-fault deformation in the elasto-plastic uppermost crust [START_REF] Kaneko | rupture simulations with elasto-plastic off-fault response[END_REF]Roten et al., 2017, e.g.). Nevertheless, the dynamic simulations of [START_REF] Kaneko | rupture simulations with elasto-plastic off-fault response[END_REF] fail to predict the correct amount of SSD inferred from kinematic source inversions. Furthermore the simulations of [START_REF] Roten | Off-fault deformations and shallow slip deficit from dynamic rupture simulations with fault zone plasticity[END_REF] predict 45% of SSD, albeit only in the uppermost 300 m of the crust, whereas SSD inferred from kinematic source inversion is generally located in the uppermost 3 km.

Therefore, these observations indicate that the extent to which SSD is a modeling artifact or not is still not fully understood. However, other factors can produce artificial SSD. In particular, we show that even if the medium is perfectly represented by the Green's functions, artificial SSD can arise solely due to the presence of correlated noise in the data. Both InSAR and optical correlation data contain spatially correlated noise. For C-band interferograms (e.g. Sentinel-1), correlated noise is mainly due to tropospheric delays and is typically several centimeters (e.g. [START_REF] Zebker | Atmospheric effects in interferometric synthetic aperture radar surface deformation and topographic maps[END_REF][START_REF] Hanssen | Highresolution water vapor mapping from interferometric radar measurements[END_REF]. For L-band interferograms (e.g. ALOS-2), the noise due to ionospheric delay is more important and can reach tens of centimeters (e.g. [START_REF] Gray | Influence of ionospheric electron density fluctuations on satellite radar interferometry[END_REF]. Techniques exist to correct (partially) the contribution of the tropospheric and ionosphere to the interferometric phase (e.g. [START_REF] Jolivet | Systematic insar tropospheric phase delay corrections from global meteorological reanalysis data[END_REF][START_REF] Gomba | Toward operational compensation of ionospheric effects in sar interferograms: The split-spectrum method[END_REF]. However, for coseismic studies of large shallow earthquakes, those errors are usually not corrected because the noise is significantly smaller than the coseismic signal, and so it is assumed that the final slip model will not be significantly biased. In optical correlation data, noise is correlated over shorter distances than with InSAR although the amplitude is typically higher (reaching several meters in some cases) and the noise is more difficult to correct. Here we show that with a maximum noise amplitude equal to only 2% of the maximum displacement, significant artificial SSD can be infer, even when the correlation length of the noise is short. Our study therefore underlines the necessity to systematically inferred noise-related robustness of slip models in inversion studies. For example, estimation of the model parameter uncertainties arising from data noise can be done by performing repeated optimizations of the data corrupted by synthetic error simulations with the same characteristics as the real data noise (e.g. [START_REF] Sudhaus | Improved source modelling through combined use of InSAR and GPS under consideration of correlated data errors : application to the June 2000 Kleifarvatn earthquake, Iceland[END_REF]. Approaches that discretize the surface data and fault plane in a way that minimizes the impact of noise on the slip model can also be used (e.g. [START_REF] Ziv | Reconditioning fault slip inversions via insar data discretization[END_REF][START_REF] Magen | Fault rerupture during the july 2019 ridgecrest earthquake pair from joint slip inversion of insar, optical imagery, and gps[END_REF].

We also explore the effect of neglecting the reduction in the shear modulus around the fault (compliant zone). Our results are consistent with those of [START_REF] Barbot | Effect of a compliant fault zone on the inferred earthquake slip distribution[END_REF] and show that if there are data close to the fault (i.e.

within the damage zone), the main effect of neglecting a 0.5 and 1 km wide damage zone (shear modulus ratio of 0.2) is to underestimate slip on the fault plane. However, if there are no data close to the fault, a slight artificial SSD is produced, but largely smaller than the one produced when the variations of elastic properties with depth are neglected.

Unfortunately, our ability to resolve the true fault slip distribution, particularly with depth, is limited by the inherently ill-posed nature of the inverse problem. Many solutions to this problem exist (i.e. it is non-unique), and the final optimal slip model depends strongly on numerous factors, such as the quantity, distribution, and quality of surface data (e.g. [START_REF] Delouis | Joint Inversion of InSAR, GPS, Teleseismic, and Strong-Motion Data for the Spatial and Temporal Distribution of Earthquake Slip : Application to the 1999 Izmit Mainshock[END_REF][START_REF] Ziv | Reconditioning fault slip inversions via insar data discretization[END_REF][START_REF] Marchandon | Earthquake sequence in the NE Lut, Iran : Observations from 39 multiple space geodetic techniques[END_REF], the assumed fault geometry (e.g. [START_REF] Ragon | Accounting for uncertain fault geometry in earthquake source inversions-i: theory and simplified application[END_REF], the discretization of the fault plane (e.g. [START_REF] Page | Constraining earthquake source inversions with GPS data: 1. Resolutionbased removal of artifacts[END_REF][START_REF] Atzori | The 2010-2011 Canterbury, New Zealand, seismic sequence: Multiple source analysis from In-SAR data and modeling[END_REF][START_REF] Magen | Fault rerupture during the july 2019 ridgecrest earthquake pair from joint slip inversion of insar, optical imagery, and gps[END_REF], the smoothing applied (e.g. [START_REF] Jonsson | Fault Slip Distribution of the[END_REF], the capacity of the forward model to accurately represent the rheology of the Earth (e.g. [START_REF] Duputel | Accounting for prediction uncertainty when inferring subsurface fault slip[END_REF], and whether or not gravity is taken into account (e.g. [START_REF] Gómez | The influence of gravity on the displacement field produced by fault slip[END_REF]. Different inversion schemes aim at addressing some of these issues. For example, Bayesian inversion schemes (e.g. [START_REF] Minson | Bayesian inversion for finite fault earthquake source models I-theory and algorithm[END_REF][START_REF] Duputel | Accounting for prediction uncertainty when inferring subsurface fault slip[END_REF][START_REF] Nocquet | Stochastic static fault slip inversion from geodetic data with non-negativity and bound constraints[END_REF] determine the range of all plausible slip models that are consistent with the observations and a priori knowledge of the crustal rheology, thus allowing the uncertainty of each inverted parameter to be assessed (at the expense of increased computational cost). Other methods discretize the data and the fault plane in a way that optimizes the condition of the inverse problem [START_REF] Ziv | Reconditioning fault slip inversions via insar data discretization[END_REF][START_REF] Magen | Fault rerupture during the july 2019 ridgecrest earthquake pair from joint slip inversion of insar, optical imagery, and gps[END_REF], such that the effect of noise on the model is minimized. Nevertheless, although these approaches can estimate the uncertainty or reduce the error in the shallow part of the slip model, they will not capture the bias introduced if the rheology or topography are not considered in the inversion.

Future studies may aim to develop new ways to invert for fault slip which integrate a range of parameters such as measurement noise, rheology, topography, gravity, data discretization, off-fault damage, non-elastic deformation mechanisms, hydro-mechanical effects, and fault geometry uncertainty.

Implications for using the Okada solution to resolve fault slip

Our study implies that even a well-studied earthquake with good InSAR, GPS, optical correlation, and field data can still yield substantial error in the final slip distribution, particularly at depth, when modelled using the Okada solution. Despite these limitations, traditional inversion approaches based on the Okada solution are nevertheless a powerful way to quickly resolve the first order aspects of the fault slip distribution. However, when knowledge of the slip-variability is required (either along-strike, or down-dip), e.g. when characterizing the evolution of stresses in fault zones throughout the seismic cycle, one may improve substantially on traditional inversion approaches by incorporating FEM-based methods for computing the Green's functions (e.g.

PyLITH), thus accounting for local rheology and topographic relief of the source region (data which is readily available in many regions).

It is also worth noting that our analysis is focused on a strike-slip fault example, in which there is only limited topographic relief or lateral variation in the elastic structure across the fault. The Landers earthquake therefore represents a case where the Okada solution would be expected to perform well, with minimal bias due to errors in the Green's functions. This is not the case in our experiments, therefore highlighting how topography and rheology can play an important role in our ability to accurately resolve slip on the shallow regions of crustal faults generally. In the case of strike-slip faults,

where the lateral variations in elastic properties are limited, using a 1D stratified model could be sufficient and a significant improvement with respect to Okada.

In the case of subduction megathrusts, where both topography and rheology (and gravity, e.g. [START_REF] Gómez | The influence of gravity on the displacement field produced by fault slip[END_REF]) can vary significantly more than for Landers, and where large gaps in displacement data occur close to the surface expression of the fault (i.e. the near-field region), it is likely that fault slip inversions based on Okada are highly biased along their up-dip sections. The distribution of slip in large megathrust earthquakes may therefore generally underestimate co-seismic slip in the shallowest crust, which will in turn impact the estimated seismic (and tsunamigenic) hazard posed by such structures (e.g. [START_REF] Almeida | Can the updip limit of frictional locking on megathrusts be detected geodetically? quantifying the effect of stress shadows on neartrench coupling[END_REF]. Within the continents, where we have better spatial coverage of the near-field region, we are only just starting to incorporate detailed near-field geodetic data into slip inversions (e.g. [START_REF] Gombert | Revisiting the 1992 Landers earthquake: a Bayesian exploration of co-seismic slip and off-fault damage[END_REF]. However, to do so requires a correspondingly more detailed (and accurate) shallow fault geometry, and velocity model; if such information is lacking, it will ultimately limit our ability to accurately resolve the shallow slip distribution.

Conclusion

In this study, we investigate the impact of neglecting the medium complexities (3D variations in elastic properties and topography) on the results of fault slip inversions and, in particular, on the amount of slip at shallow depths. Using the 1992 Landers earthquake as a test case, we show that neglecting the moderate topography variations of the Landers area has a quite limited influence on the retrieved slip model, although it does impact the extent of the slip at depth. On the contrary, neglecting the variations in elastic properties significantly biases the retrieved slip model and introduces 25% artificial SSD by overestimating the slip at depth. Using a toy model, we show that neglecting the variations in elastic properties with depth is responsible for the artificial SSD, and that the contrast of rigidity between the crust and the mantle controls the amount of artificial SSD (whereas the variation in rigidity within the crust has a more limited impact). We also assess the impact of neglecting a damage zone and find that it has a relatively limited effect on the amount of SSD. We further show that a lack of data coverage around the fault increases the amount of artificial SSD by decreasing the slip at shallow depths, whereas a quadtree distribution of surface data tends to reduce the artificial SSD. Finally, we explore the impact of correlated noise on our results and show that noise levels as low as 5%

of the maximum displacement can lead to substantial SSD. Our results suggest that the SSD inferred from previous inversion studies based on Okada are likely overestimated (maybe even non-existent). Therefore, Okada should not be used when knowledge of the slip-variability with depth is sought, even in areas with limited variation in topography and elastic properties, like the Landers area. Moreover, noise-related model uncertainties should be systematically estimated to avoid misinterpretation of slip model features. Finally, we argue that the origin of SSD can only be fully understood with a more complete knowledge of all the processes and parameters that govern fault slip in the upper crust (e.g. off-fault plastic-deformation, hydro-mechanical effects, gravity, 3D structure of faults, etc).

Figure 1 :

 1 Figure 1: Effect of the medium complexities on the surface displacements. First row: Synthetic surface displacement field for the Landers earthquake computed in a homogeneous and flat medium (homo-flat model). Second row: Difference between the synthetic surface displacement field computed in a homogeneous medium with topography (homo-topo model) and the homo-flat model. Third row: Difference between the synthetic surface displacement field computed in a heterogeneous medium with topography (hetero-topo model) and the homo-flat model. The RMS of the differences is indicated on each subplot (in meters). The slip model used to compute the surface displacements is from Hernandez et al. (1999), the topography is from the ASTER GDEM downsampled at 5 km and the 3D elastic properties used for the heterogeneous model are estimated from the velocity model of Share et al. (2019).
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  homo-topo model); and (3) a medium with 3D variations in elastic properties and topography (hetero-topo model). The synthetic displacements for the three different forward models are thus: d HoF = G HoF m Her (1) d HoT o = G HoT o m Her (2) d HeT o = G HeT o m Her (3) where d HoF , d HoT o , and d HeT o are the synthetic data computed in the homogeneous and flat medium, the homogeneous medium with topography, and the heterogeneous medium with topography respectively; G HoF , G HoT o , and G HeT o are the Green's functions computed in the homogeneous and flat medium, the homogeneous medium with topography, and the heterogeneous medium with topography respectively; and m Her is the distributed slip model

  Surface displacement residuals for the three retrieved slip models (model predictions minus data) are shown in FigureS5. Predictions of the homo-flat model are very good (i.e. very low RMS of 3 × 10 -4 m), which is expected given both the forward and inverse model used the same medium. However, the homo-topo and hetero-topo models both show larger residuals. For the homo-topo model the residuals are relatively low (RMS of 2.3 × 10 -3 m), and are located near the fault (within ∼20 km). On the contrary, residuals for the hetero-topo model are relatively high (RMS of 8.3 × 10 -3 m) and are present in both the near-and far-field. The spatial pattern of residuals for each component is anti-symmetrical with respect to the fault.3. Impact of the surface data distribution on the amount of SSDData used in fault slip inversions are often unevenly distributed. For example, for major earthquakes, InSAR data suffers from decorrelation near the

Figure 2 :

 2 Figure 2: Effect of neglecting the medium complexities on the retrieved slip models. (a) Input slip model for the Landers earthquake (from Hernandez et al. (1999)). (b-d) Left side: Retrieved slip models obtained from the inversion of the synthetic data computed in a homogeneous and flat medium (homo-flat model), homogeneous medium with topography (homo-topo model), and heterogeneous medium with topography (hetero-topo model).Right side: Difference between the retrieved slip models and the input slip model. The moment magnitude is indicated next to each model. All slip models have been obtained using Green's functions computed assuming a homogeneous and flat medium.

Figure 3 :

 3 Figure 3: Normalized cumulative slip with depth of the input slip model and the three retrieved slip models. The shaded area of each curve represents the uncertainty due to the smoothing of the distribution of cumulative slip with depth. The amount of SSD is indicated at the top of each curve.

Figure 4 :

 4 Figure 4: Impact of surface data distribution on the hetero-topo slip model. (a-c) Left side: Retrieved slip models obtained from the inversion of the hetero-topo data with a data gap of 10 km around the fault, a quadtree distribution, and both, respectively. Right side: Difference between the input and retrieved slip models. The retrieved slip models with a data gap of 5 and 15 km are shown in Figure S7. (d) Normalized cumulative slip with depth for the input slip model and the hetero-topo models inferred with a data gap around the fault of 5, 10, and 15 km (left side) and with a quadtree distribution of surface data, and both a quadtree distribution of surface data and a data gap of 10 km around the fault (right side). The amount of SSD for each model is indicated in brackets in the legend.

Figure 5 :

 5 Figure 5: Impact of correlated noise with a correlation length of 5 km on the amount of SSD. Each box shows the statistics of the SSDs inferred from 300 inversions for a given medium (i.e. homo-flat or hetero-topo), a given data distribution (i.e uniform, 10 km wide data gap, quadtree, or quadtree and 10 km data gap), and a given noise amplitude (i.e. 1 cm, 5 cm or 10 cm). For each box, the white line represents the mean SSD, the box represents the standard deviation of the SSDs, and the bottom and top vertical lines extend to the 2th and 98th percentiles, respectively (meaning that ∼95% of the inferred SSDs lie between these two values). The red boxes are for homo-flat cases and the blue boxes are for hetero-topo cases. The maximum amplitude of noise and the surface data distribution are indicated on the x-axis. Finally, the red or blue horizontal dashed lines show the SSD of the equivalent model without noise and the gray horizontal dashed line shows the SSD of the input slip model. The results obtained for correlated noise with a correlation length of 2 km and 10 km are shown in Figures S15 and S16, respectively.

Figure 6 :

 6 Figure 6: (a) Shear modulus as a function of depth in tests 1-4 (see text for details). The shear modulus is normalized by the modulus of the underlying half-space. (b) Comparison of surface displacement profiles produced by 4 m of uniform slip in a homogeneous halfspace and in the layered mediums of tests 1-4. (c) Mean slip with depth of the retrieved slip model in the tests 1-4. (d) Corresponding curves of normalized cumulative slip with depth.
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