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<latexit sha1_base64="460yD/cqv9jUCPK+FQsaW521bgk="></latexit>
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2 �a
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: Xqnew
2 �0

<latexit sha1_base64="duSqYZGM3w+5AFsCbFV3pWphp7U="></latexit>

Figure 1. Illustration of the mesh morphing method. (a) The reference 
geometry, in black, as well as points 𝑿𝒒!"# which lie on Γ", in green, 
and those which lie on Γ#, in blue. (b) The new geometry, in black, as 
well as points 𝑿𝒒$"% which lie on Γ", in green, and those which lie on 
Γ#, in blue. (c) the reference mesh in gray, with vertices 𝑿$, and the 
displacement applied to each vertex, 𝑫$. (d) The morphed mesh, $𝑿$.

x

<latexit sha1_base64="EWFlxwRO5ViWTa18VwG8eZfwB5w=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo8kXjxCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCplr1q+alRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOQBjPQ=</latexit>

y

<latexit sha1_base64="krJKJ2BDEvPL1Ckn6+oKpJ5z0/A=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7GyGU/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHkyXoR3QkecgZNVZqZoNS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3Mf6UKsOZwFmxn2pMKJvQEfYslTRC7U8Xh87IpVWGJIyVLWnIQv09MaWR1lkU2M6ImrFe9ebif14vNeGtP+UySQ1KtlwUpoKYmMy/JkOukBmRWUKZ4vZWwsZUUWZsNkUbgrf68jppVyterXLdrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwB5YWM9Q==</latexit>

z

<latexit sha1_base64="wHridXIi+70bsx7rNmtMstjoUxI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo8kXjxCIo8ENmR2aGBkdnYzM2uCG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCplr1q+alRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOcJjPY=</latexit>

SA

<latexit sha1_base64="+mZjXTdlc6/uEuyYyFEyUZ8l8z4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klGD1ivHjEKEgCG9ItXWhou2vbJSEbfocXDxrj1R/jzX9jF/ag4CRNJjPv5U0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxq6yhRhLZIxCPVCbCmnEnaMsxw2okVxSLg9DEY32T+44QqzSL5YKYx9QUeShYygo2V/J7AZkQwT+9n/et+ueJW3TnQKvFyUoEczX75qzeISCKoNIRjrbueGxs/xcowwums1Es0jTEZ4yHtWiqxoNpP56Fn6MwqAxRGyj5p0Fz9vZFiofVUBHYyC6mXvUz8z+smJrzyUybjxFBJFofChCMToawBNGCKEsOnlmCimM2KyAgrTIztqWRL8Ja/vEratapXr17c1SuNWl5HEU7gFM7Bg0towC00oQUEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDz1KSFQ==</latexit>

SF

<latexit sha1_base64="j6gI8pN3M0djkwEbTSWLWVvyqZE=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7JbKnosCOKxoq2FdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3Zts9aOtAYJh5jzeZIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UJ8CaciZpyzDDaSdWFIuA08dgfJ35jxOqNIvkg5nG1Bd4KFnICDZW8nsCmxHBPL2f9W/65YpbdedAq8TLSQVyNPvlr94gIomg0hCOte56bmz8FCvDCKezUi/RNMZkjIe0a6nEgmo/nYeeoTOrDFAYKfukQXP190aKhdZTEdjJLKRe9jLxP6+bmPDKT5mME0MlWRwKE45MhLIG0IApSgyfWoKJYjYrIiOsMDG2p5ItwVv+8ipp16pevXpxV680ankdRTiBUzgHDy6hAbfQhBYQeIJneIU3Z+K8OO/Ox2K04OQ7x/AHzucP1uaSGg==</latexit>

SG

<latexit sha1_base64="nu1tMGzaBuwXs1vznuUeAwB8gcw=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klGD2SeNAjRkES2JBu6UJD213bLgnZ8Du8eNAYr/4Yb/4bu7AHBSdpMpl5L286QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pToA15UzSlmGG006sKBYBp4/B+DrzHydUaRbJBzONqS/wULKQEWys5PcENiOCeXo/69/0yxW36s6BVomXkwrkaPbLX71BRBJBpSEca9313Nj4KVaGEU5npV6iaYzJGA9p11KJBdV+Og89Q2dWGaAwUvZJg+bq740UC62nIrCTWUi97GXif143MeGVnzIZJ4ZKsjgUJhyZCGUNoAFTlBg+tQQTxWxWREZYYWJsTyVbgrf85VXSrlW9evXirl5p1PI6inACp3AOHlxCA26hCS0g8ATP8ApvzsR5cd6dj8Vowcl3juEPnM8f2GqSGw==</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

✓

<latexit sha1_base64="KC1t7OoiAx2ryKmdnoyMbf64oeo=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4GnpCxom3gBePEcwCyRB6Oj1Jm56F7hohDPkHLx4U8er/ePNv7CyCij4oeLxXRVW9IJVCAyEfVmFtfWNzq7hd2tnd2z8oHx61dZIpxlsskYnqBlRzKWLeAgGSd1PFaRRI3gkmV3O/c8+VFkl8C9OU+xEdxSIUjIKR2n0Yc6CDcoXYrku8Sw8Tm1zUq45riEtqdc/Fjk0WqKAVmoPye3+YsCziMTBJte45JAU/pwoEk3xW6meap5RN6Ij3DI1pxLWfL66d4TOjDHGYKFMx4IX6fSKnkdbTKDCdEYWx/u3Nxb+8XgZh3c9FnGbAY7ZcFGYSQ4Lnr+OhUJyBnBpCmRLmVszGVFEGJqCSCeHrU/w/aVdtp2a7N7VKo7qKo4hO0Ck6Rw7yUANdoyZqIYbu0AN6Qs9WYj1aL9brsrVgrWaO0Q9Yb58bZ490</latexit>

(a)

<latexit sha1_base64="TN/GsS6bZ5N3uF6ARD6LNYDqtQc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXIuYY8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8NNMY/ZCOJB9yRo2VHsr0sl8suRV3AbJOvIyUIEOjX/zqDSKWhCgNE1TrrufGxk+pMpwJnBV6icaYsgkdYddSSUPUfro4dUYurDIgw0jZkoYs1N8TKQ21noaB7QypGetVby7+53UTM6z5KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietq4pXrVzfV0v1WhZHHs7gHMrgwQ3U4Q4a0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz+IQY1I</latexit>

!"°
$"°%"° &"° '"°

(b)

<latexit sha1_base64="r29cNb2FTb8WI6mI2tULdg4DYbY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXIuYY8OIxonlAsoTZySQZMju7zPQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ltbG5t7+R3C3v7B4dHxeOTlokSzXiTRTLSnYAaLoXiTRQoeSfWnIaB5O1gcjv3209cGxGpR5zG3A/pSImhYBSt9FAOLvvFkltxFyDrxMtICTI0+sWv3iBiScgVMkmN6XpujH5KNQom+azQSwyPKZvQEe9aqmjIjZ8uTp2RC6sMyDDSthSShfp7IqWhMdMwsJ0hxbFZ9ebif143wWHNT4WKE+SKLRcNE0kwIvO/yUBozlBOLaFMC3srYWOqKUObTsGG4K2+vE5aVxWvWrm+r5bqtSyOPJzBOZTBgxuowx00oAkMRvAMr/DmSOfFeXc+lq05J5s5hT9wPn8AicaNSQ==</latexit>

Figure 2. (a): the TPV13 geometry, with the fault trace in orange, the nucleation patch boundary in blue,   
and the fault dip in purple. (b): Fault planes for different 𝜃, with the surface mesh shown as a gray wireframe.

• We demonstrate the application of mesh morphing to the SCEC/USGS TPV13-3D 
benchmark exercise [2], with dynamic rupture simulations performed using SeisSol [3]. 

• TPV13 features spontaneous rupture on a 2D planar normal fault at 60° dip, with 
supershear rupture, linear slip-weakening friction, and off-fault plasticity governed     
by a non-associative Drucker-Prager visco-plastic rheology. 

• The reference mesh is generated using GMSH [4]. 

We morph the mesh to have fault dip angles between 40°, 80°  and we decrease 
the nucleation patch static friction coefficient from 0.54 to 0.48 to allow rupture on 
faults with dips in the range 50°, 70° . 

Aspect Ratio Scaled 
Jacobian Min Angle (°)

𝜃 Avg Max Avg Min Avg Min
40° 1.6 6.4 0.6 0.11 48 9
50° 1.6 5.2 0.62 0.13 49 11
60° 1.5 5.1 0.63 0.15 49 11
70° 1.6 5.4 0.62 0.15 49 10
80° 1.6 5.4 0.62 0.15 49 10

Table 1. Mesh quality metrics for the full mesh volume 
as 𝜃	varies. The reference mesh is highlighted in grey.  

vx (m/s)

<latexit sha1_base64="noiBeWgCdix9HphdaZtYw69c7ik=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiZS0WXBjcsK9gFNCJPppB06eTBzU1pCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufcePxFcgWV9GxubW9s7u6W98v7B4dGxeVLpqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuP7+d+d8Kk4nH0BLOEuSEZRjzglICWPLMy8abYwQ6wKWS18Epd5p5ZterWAnid2AWpogItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5WUnVSwhdEyGrK9pREKm3Gxxe44vtDLAQSx1RYAX6u+JjIRKzUJfd4YERmrVm4v/ef0Ugjs341GSAovoclGQCgwxngeBB1wyCmKmCaGS61sxHRFJKOi4yjoEe/XlddK5rtuN+s1jo9qsFXGU0Bk6RzVko1vURA+ohdqIoil6Rq/ozciNF+Pd+Fi2bhjFzCn6A+PzB/tKk68=</latexit>

vy (m/s)

<latexit sha1_base64="CRoqOv9XiVVhR0UQIUQjIBrxir8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiZS0WXBjcsK9gFNCJPppB06eTBzUxpCf8WNC0Xc+iPu/BunbRbaeuDC4Zx7ufcePxFcgWV9GxubW9s7u6W98v7B4dGxeVLpqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuP7+d+d8Kk4nH0BFnC3JAMIx5wSkBLnlmZeBl2sANsCnktvFKXM8+sWnVrAbxO7IJUUYGWZ345g5imIYuACqJU37YScHMigVPBZmUnVSwhdEyGrK9pREKm3Hxx+wxfaGWAg1jqigAv1N8TOQmVykJfd4YERmrVm4v/ef0Ugjs351GSAovoclGQCgwxngeBB1wyCiLThFDJ9a2YjogkFHRcZR2CvfryOulc1+1G/eaxUW3WijhK6Aydoxqy0S1qogfUQm1E0RQ9o1f0ZsyMF+Pd+Fi2bhjFzCn6A+PzB/zdk7A=</latexit>

vz (m/s)

<latexit sha1_base64="jq6pNMk3+PmzxuWYHVQWaUuvj08=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNzWRii4LblxWsA9oQphMp+3QyYOZm9Ia8ituXCji1h9x5984bbPQ1gMXDufcy733+LHgCizr2yhsbG5t7xR3S3v7B4dH5nG5raJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/vpv7nQmTikfhI8xi5gZkGPIBpwS05JnlifeEHewAm0JaDS7VReaZFatmLYDXiZ2TCsrR9Mwvpx/RJGAhUEGU6tlWDG5KJHAqWFZyEsViQsdkyHqahiRgyk0Xt2f4XCt9PIikrhDwQv09kZJAqVng686AwEitenPxP6+XwODWTXkYJ8BCulw0SASGCM+DwH0uGQUx04RQyfWtmI6IJBR0XCUdgr368jppX9Xseu36oV5pVPM4iugUnaEqstENaqB71EQtRNEUPaNX9GZkxovxbnwsWwtGPnOC/sD4/AH+cJOx</latexit>

Contours

<latexit sha1_base64="8MuPiLhmfnqHgUPakomD9Rm0rac=">AAAB+HicbVDLSgMxFM34rPXRUZduglVwVWakostCNy4r2Ae0Q8mkmTY0kwzJHbEO/RI3LhRx66e4829M21lo64ELh3PuTe49YSK4Ac/7dtbWNza3tgs7xd29/YOSe3jUMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcNxfea3H5g2XMl7mCQsiMlQ8ohTAlbqu6UesEfI6kqCfdJM+27Zq3hz4FXi56SMcjT67ldvoGgaMwlUEGO6vpdAkBENnAo2LfZSwxJCx2TIupZKEjMTZPPFp/jcKgMcKW1LAp6rvycyEhsziUPbGRMYmWVvJv7ndVOIboKMyyQFJunioygVGBSepYAHXDMKYmIJoZrbXTEdEU0o2KyKNgR/+eRV0rqs+NXK1V21XDvL4yigE3SKLpCPrlEN3aIGaiKKUvSMXtGb8+S8OO/Ox6J1zclnjtEfOJ8/nnCToQ==</latexit>

Morphed

<latexit sha1_base64="yuhV37nxU5FIkaYFxfdT6ExKz8s=">AAAB9XicbVBNS8NAEN34WetX1aOXYBU8lUQqeix48SJUsB/QxrLZTNqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiK4Rsf5tpaWV1bX1gsbxc2t7Z3d0t5+U8epYtBgsYhV26caBJfQQI4C2okCGvkCWv7wauK3HkBpHss7HCXgRbQvecgZRSPddxGeMLuJVTKAYNwrlZ2KM4W9SNyclEmOeq/01Q1ilkYgkQmqdcd1EvQyqpAzAeNiN9WQUDakfegYKmkE2sumV4/tE6MEdhgrUxLtqfp7IqOR1qPIN50RxYGe9ybif14nxfDSy7hMUgTJZovCVNgY25MI7IArYChGhlCmuLnVZgOqKEMTVNGE4M6/vEiaZxW3Wjm/rZZrx3kcBXJIjsgpcckFqZFrUicNwogiz+SVvFmP1ov1bn3MWpesfOaA/IH1+QMkhJLY</latexit>

Exact

<latexit sha1_base64="0FQRUCp+nvAmBvHMzCc1k+qXrQc=">AAAB83icbVDLSgNBEOyNrxhfUY9eBqPgKexKRI8BETxGMA/ILmF2MpsMmX0w0ysJS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFtfWNzq7hd2tnd2z8oHx61dJwqxpsslrHq+FRzKSLeRIGSdxLFaehL3vZHtzO//cSVFnH0iJOEeyEdRCIQjKKRXBf5GLO7MWU47ZUrdtWeg6wSJycVyNHolb/cfszSkEfIJNW669gJehlVKJjk05Kbap5QNqID3jU0oiHXXja/eUrOjdInQaxMRUjm6u+JjIZaT0LfdIYUh3rZm4n/ed0UgxsvE1GSIo/YYlGQSoIxmQVA+kJxhnJiCGVKmFsJG1JlEjAxlUwIzvLLq6R1WXVq1auHWqV+lsdRhBM4hQtw4BrqcA8NaAKDBJ7hFd6s1Hqx3q2PRWvBymeO4Q+szx+FUZHq</latexit>

Figure 6. Accumulated slip (ASl) on the fault for 𝜃 = 70°. Output from generated meshes (left) and morphed 
meshes (center left), and the absolute value of the difference (center right). To the right, contours drawn at 
0.5 m intervals for generated (black) and morphed (red) output.

Example: Varying Fault Dip

(a)

<latexit sha1_base64="gQ/9ZsmiyOk9cDoZDefNtH16fUM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPppxgn5EB5KHnFFjpYcyPe8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3VKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+xMuk9SgZItFYSqIicnsb9LnCpkRY0soU9zeStiQKsqMTadgQ/CWX14lzYuKV61c3ldLtZssjjycwCmUwYMrqMEd1KEBDAbwDK/w5gjnxXl3PhatOSebOYY/cD5/AIl1jUw=</latexit>

(b)

<latexit sha1_base64="OhRvE/0S/SDH9Ja4BidutS+zkTU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPppxgn5EB5KHnFFjpYdycN4rltyKOwdZJV5GSpCh3it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuqUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ36TPFTIjxpZQpri9lbAhVZQZm07BhuAtv7xKmhcVr1q5vK+WajdZHHk4gVMogwdXUIM7qEMDGAzgGV7hzRHOi/PufCxac042cwx/4Hz+AIr6jU0=</latexit>

(c)

<latexit sha1_base64="o39JVsC3ny7yl9U0QTyqnNcWmaA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPppxgn5EB5KHnFFjpYcyO+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3VKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+xMuk9SgZItFYSqIicnsb9LnCpkRY0soU9zeStiQKsqMTadgQ/CWX14lzYuKV61c3ldLtZssjjycwCmUwYMrqMEd1KEBDAbwDK/w5gjnxXl3PhatOSebOYY/cD5/AIx/jU4=</latexit>

(d)

<latexit sha1_base64="aSUTeMkQiQBIO/lMVMDoX3OcBQ4=">AAAB6nicbVA9SwNBEJ2NXzF+RS1tFoMQm3AnES0sAjaWEc0HJEfY29tLluztHbt7QjjyE2wsFLH1F9n5b9wkV2jig4HHezPMzPMTwbVxnG9UWFvf2Nwqbpd2dvf2D8qHR20dp4qyFo1FrLo+0UxwyVqGG8G6iWIk8gXr+OPbmd95YkrzWD6aScK8iAwlDzklxkoP1eB8UK44NWcOvErcnFQgR3NQ/uoHMU0jJg0VROue6yTGy4gynAo2LfVTzRJCx2TIepZKEjHtZfNTp/jMKgEOY2VLGjxXf09kJNJ6Evm2MyJmpJe9mfif10tNeO1lXCapYZIuFoWpwCbGs79xwBWjRkwsIVRxeyumI6IINTadkg3BXX55lbQvam69dnlfrzRu8jiKcAKnUAUXrqABd9CEFlAYwjO8whsS6AW9o49FawHlM8fwB+jzB44EjU8=</latexit>

0

<latexit sha1_base64="opESPlwNJyuSLnaXhcF+/RFFHhU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmm6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Uvm7VK/SqPowgncArn4ME11OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/eBWMsA==</latexit>

• The reference mesh (𝜃 = 60°) is morphed to have a wide range of fault dip, 
 𝜃 ∈ 40°, 80° , while maintaining acceptable mesh quality.
• We generate meshes with matching dip angles for comparison using GMSH [4]. 
• The max distance between fault vertices in morphed and generated meshes is 

140 - 150 m, with an RMS distance of 71 - 73 m. 

18

<latexit sha1_base64="kXqP9RKeK3fAL/K+mn0iryrM+Fo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGMQ9IljA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrxav1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMa34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvcvq1f1lpX6dx1GEEziFc/DgBupwBw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP/OOjPM=</latexit>

36

<latexit sha1_base64="Yh9S4s/xo//UrDycr4tQ7Se6Tyg=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHYV0SOJF49o5JHAhswOvTBhdnYzM2tCCH/gxYPGePWPvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJaPZpygH9GB5CFn1Fjp4bLaK5bcsjsHWSVeRkqQod4rfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7plJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb+8SpoXZa9SvrqvlGrVLI48nMApnIMH11CDO6hDAxiE8Ayv8OaMnBfn3flYtOacbOYY/sD5/AHzkIzz</latexit>

�36

<latexit sha1_base64="OvZcGbREV3pdzC1VF3owhVbK9rQ=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHY1Ro8BLx4jmgckS5id9CZDZmeXmVkhhHyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7dRvPqHSPJaPZpSgH9G+5CFn1Fjp4fyy0i0U3ZI7A1kmXkaKkKHWLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9tSSSPU/nh26oScWqVHwljZkobM1N8TYxppPYoC2xlRM9CL3lT8z2unJrzxx1wmqUHJ5ovCVBATk+nfpMcVMiNGllCmuL2VsAFVlBmbTt6G4C2+vEwaFyWvXLq6LxerlSyOHBzDCZyBB9dQhTuoQR0Y9OEZXuHNEc6L8+58zFtXnGzmCP7A+fwBXRONKg==</latexit>

�18

<latexit sha1_base64="X2GBgAySZERCAJC0VGXJ/yxLlGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArUXMMePEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlhwuv2iuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJqz6Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNy7JXKV/dV0q16yyOPJzAKZyDBzdQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AXRGNKg==</latexit>

0

<latexit sha1_base64="opESPlwNJyuSLnaXhcF+/RFFHhU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmm6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Uvm7VK/SqPowgncArn4ME11OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/eBWMsA==</latexit>

�21

<latexit sha1_base64="X58izgilp4AOCv1N196SbK/4qqQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8NOME/YgOJA85o8ZKDxcVr1csuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr68r5ZqV1kceTiBUzgHD66hBndQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBU/qNJA==</latexit>

�42

<latexit sha1_base64="3qje+LWeRkcgADFrdWoyFWnZyCk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8NOME/YgOJA85o8ZKDxfVSq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDGn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVspetXx5Xy3VrrI48nACp3AOHlxDDe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWIiNJw==</latexit>

y (km)

<latexit sha1_base64="Uc0zR478NQL1dyvWdB+FeItJmRA=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZRE6mNZcOOygn1AE8pkOm2HziRh5kaMoV/ixoUibv0Ud/6N0zYLbT1w4XDOvdx7TxALrsFxvq3C2vrG5lZxu7Szu7dftg8O2zpKFGUtGolIdQOimeAhawEHwbqxYkQGgnWCyc3M7zwwpXkU3kMaM1+SUciHnBIwUt8up9jDHrBHyKoTeTbt2xWn5syBV4mbkwrK0ezbX94goolkIVBBtO65Tgx+RhRwKti05CWaxYROyIj1DA2JZNrP5odP8alRBngYKVMh4Ln6eyIjUutUBqZTEhjrZW8m/uf1Ehhe+xkP4wRYSBeLhonAEOFZCnjAFaMgUkMIVdzciumYKELBZFUyIbjLL6+S9nnNrdcu7uqVxmUeRxEdoxNURS66Qg10i5qohShK0DN6RW/Wk/VivVsfi9aClc8coT+wPn8A6LeSlA==</latexit>

z
(k
m
)

<latexit sha1_base64="80lWZAr7FJP882JQcWRckuL9tVk=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5JIfSwLblxWsA9oQplMJ+3QmSTM3Iht6Je4caGIWz/FnX/jtM1CWw9cOJxzL/feEySCa3Ccb2ttfWNza7uwU9zd2z8o2YdHLR2nirImjUWsOgHRTPCINYGDYJ1EMSIDwdrB6Hbmtx+Z0jyOHmCcMF+SQcRDTgkYqWeXJtjDHrAnyCojeT7t2WWn6syBV4mbkzLK0ejZX14/pqlkEVBBtO66TgJ+RhRwKti06KWaJYSOyIB1DY2IZNrP5odP8ZlR+jiMlakI8Fz9PZERqfVYBqZTEhjqZW8m/ud1Uwhv/IxHSQosootFYSowxHiWAu5zxSiIsSGEKm5uxXRIFKFgsiqaENzll1dJ66Lq1qqX97Vy/SqPo4BO0CmqIBddozq6Qw3URBSl6Bm9ojdrYr1Y79bHonXNymeO0R9Ynz/qSZKV</latexit>

0

<latexit sha1_base64="opESPlwNJyuSLnaXhcF+/RFFHhU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmm6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Uvm7VK/SqPowgncArn4ME11OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/eBWMsA==</latexit>

18

<latexit sha1_base64="kXqP9RKeK3fAL/K+mn0iryrM+Fo=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKjxwDXjxGMQ9IljA7mU2GzM4uM71CWPIHXjwo4tU/8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHrxav1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMa34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1Uvcvq1f1lpX6dx1GEEziFc/DgBupwBw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP/OOjPM=</latexit>

36

<latexit sha1_base64="Yh9S4s/xo//UrDycr4tQ7Se6Tyg=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjHxRHYV0SOJF49o5JHAhswOvTBhdnYzM2tCCH/gxYPGePWPvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJaPZpygH9GB5CFn1Fjp4bLaK5bcsjsHWSVeRkqQod4rfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7plJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb+8SpoXZa9SvrqvlGrVLI48nMApnIMH11CDO6hDAxiE8Ayv8OaMnBfn3flYtOacbOYY/sD5/AHzkIzz</latexit>

�36

<latexit sha1_base64="OvZcGbREV3pdzC1VF3owhVbK9rQ=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHY1Ro8BLx4jmgckS5id9CZDZmeXmVkhhHyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7dRvPqHSPJaPZpSgH9G+5CFn1Fjp4fyy0i0U3ZI7A1kmXkaKkKHWLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9tSSSPU/nh26oScWqVHwljZkobM1N8TYxppPYoC2xlRM9CL3lT8z2unJrzxx1wmqUHJ5ovCVBATk+nfpMcVMiNGllCmuL2VsAFVlBmbTt6G4C2+vEwaFyWvXLq6LxerlSyOHBzDCZyBB9dQhTuoQR0Y9OEZXuHNEc6L8+58zFtXnGzmCP7A+fwBXRONKg==</latexit>

�18

<latexit sha1_base64="X2GBgAySZERCAJC0VGXJ/yxLlGY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArUXMMePEY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mnGCfkQHkoecUWOlhwuv2iuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJqz6Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNy7JXKV/dV0q16yyOPJzAKZyDBzdQgzuoQwMYDOAZXuHNEc6L8+58LFpzTjZzDH/gfP4AXRGNKg==</latexit>

0

<latexit sha1_base64="opESPlwNJyuSLnaXhcF+/RFFHhU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhwLXjy2YGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2f+wxMqzWN5byYJ+hEdSh5yRo2Vmm6/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Uvm7VK/SqPowgncArn4ME11OEOGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/eBWMsA==</latexit>

�21

<latexit sha1_base64="X58izgilp4AOCv1N196SbK/4qqQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8NOME/YgOJA85o8ZKDxcVr1csuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjjT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr68r5ZqV1kceTiBUzgHD66hBndQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBU/qNJA==</latexit>

�42

<latexit sha1_base64="3qje+LWeRkcgADFrdWoyFWnZyCk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAb4uMY8OIxonlAsoTZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8NOME/YgOJA85o8ZKDxfVSq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDGn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippVspetXx5Xy3VrrI48nACp3AOHlxDDe6gDg1gMIBneIU3RzgvzrvzsWjNOdnMMfyB8/kDWIiNJw==</latexit>

y (km)

<latexit sha1_base64="Uc0zR478NQL1dyvWdB+FeItJmRA=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZRE6mNZcOOygn1AE8pkOm2HziRh5kaMoV/ixoUibv0Ud/6N0zYLbT1w4XDOvdx7TxALrsFxvq3C2vrG5lZxu7Szu7dftg8O2zpKFGUtGolIdQOimeAhawEHwbqxYkQGgnWCyc3M7zwwpXkU3kMaM1+SUciHnBIwUt8up9jDHrBHyKoTeTbt2xWn5syBV4mbkwrK0ezbX94goolkIVBBtO65Tgx+RhRwKti05CWaxYROyIj1DA2JZNrP5odP8alRBngYKVMh4Ln6eyIjUutUBqZTEhjrZW8m/uf1Ehhe+xkP4wRYSBeLhonAEOFZCnjAFaMgUkMIVdzciumYKELBZFUyIbjLL6+S9nnNrdcu7uqVxmUeRxEdoxNURS66Qg10i5qohShK0DN6RW/Wk/VivVsfi9aClc8coT+wPn8A6LeSlA==</latexit>

z
(k
m
)

<latexit sha1_base64="80lWZAr7FJP882JQcWRckuL9tVk=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5JIfSwLblxWsA9oQplMJ+3QmSTM3Iht6Je4caGIWz/FnX/jtM1CWw9cOJxzL/feEySCa3Ccb2ttfWNza7uwU9zd2z8o2YdHLR2nirImjUWsOgHRTPCINYGDYJ1EMSIDwdrB6Hbmtx+Z0jyOHmCcMF+SQcRDTgkYqWeXJtjDHrAnyCojeT7t2WWn6syBV4mbkzLK0ejZX14/pqlkEVBBtO66TgJ+RhRwKti06KWaJYSOyIB1DY2IZNrP5odP8ZlR+jiMlakI8Fz9PZERqfVYBqZTEhjqZW8m/ud1Uwhv/IxHSQosootFYSowxHiWAu5zxSiIsSGEKm5uxXRIFKFgsiqaENzll1dJ66Lq1qqX97Vy/SqPo4BO0CmqIBddozq6Qw3URBSl6Bm9ojdrYr1Y79bHonXNymeO0R9Ynz/qSZKV</latexit>

1.0

<latexit sha1_base64="YBnYe59Vo2K8A+bi4SXHccEkEpA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmV+DgGvHiMaB6QLGF2MpsMmZ1dZnqFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dYSqFQc/7dgpr6xubW8Xt0s7u3v5B+fCoaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3c781hPXRiTqEccpD2I6UCISjKKVHnzX65UrnuvNQVaJn5MK5Kj3yl/dfsKymCtkkhrT8b0UgwnVKJjk01I3MzylbEQHvGOpojE3wWR+6pScWaVPokTbUkjm6u+JCY2NGceh7YwpDs2yNxP/8zoZRjfBRKg0Q67YYlGUSYIJmf1N+kJzhnJsCWVa2FsJG1JNGdp0SjYEf/nlVdK8cP2qe3lfrdSu8jiKcAKncA4+XEMN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNSeo0j</latexit>

2.0

<latexit sha1_base64="0tmpZcchH+a7fl3OyXvE92sUlZU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hK/TgWvHisaGuhDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlRwbTzv2ymsrW9sbhW3Szu7e/sH5cOjlk4yxbDJEpGodkg1Ci6xabgR2E4V0jgU+BiObmb+4xMqzRP5YMYpBjEdSB5xRo2V7quu1ytXPNebg6wSPycVyNHolb+6/YRlMUrDBNW643upCSZUGc4ETkvdTGNK2YgOsGOppDHqYDI/dUrOrNInUaJsSUPm6u+JCY21Hseh7YypGeplbyb+53UyE10HEy7TzKBki0VRJohJyOxv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8JdfXiWtquvX3Iu7WqV+mcdRhBM4hXPw4QrqcAsNaAKDATzDK7w5wnlx3p2PRWvByWeO4Q+czx9UAI0k</latexit>

3.0

<latexit sha1_base64="XHXi9AeNE0dHy2bW5wG2GjUvUN8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadnV+DgGvHiMaB6QLGF2MpsMmZ1dZnqFEPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uMJXCoOd9OYWV1bX1jeJmaWt7Z3evvH/QNEmmGW+wRCa6HVLDpVC8gQIlb6ea0ziUvBWObmZ+65FrIxL1gOOUBzEdKBEJRtFK9+eu1ytXPNebg/wlfk4qkKPeK392+wnLYq6QSWpMx/dSDCZUo2CST0vdzPCUshEd8I6lisbcBJP5qVNyYpU+iRJtSyGZqz8nJjQ2ZhyHtjOmODTL3kz8z+tkGF0HE6HSDLlii0VRJgkmZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdkQ/OWX/5LmmetX3Yu7aqV2mcdRhCM4hlPw4QpqcAt1aACDATzBC7w60nl23pz3RWvByWcO4Recj29Vho0l</latexit>

4.0

<latexit sha1_base64="8RVti2k44n44ARoWaPx0h38bRKg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgadmV+DgGvHiMaB6QLGF20psMmZ1dZmaFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dYSq4Np737RTW1jc2t4rbpZ3dvf2D8uFRUyeZYthgiUhUO6QaBZfYMNwIbKcKaRwKbIWj25nfekKleSIfzTjFIKYDySPOqLHSQ9X1euWK53pzkFXi56QCOeq98le3n7AsRmmYoFp3fC81wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmZVfokSpQtachc/T0xobHW4zi0nTE1Q73szcT/vE5moptgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI/vLLq6R54fpV9/K+Wqld5XEU4QRO4Rx8uIYa3EEdGsBgAM/wCm+OcF6cd+dj0Vpw8plj+APn8wdXDI0m</latexit>

5.0

<latexit sha1_base64="X3fwSFXFDuEvsLQ43wWmOK2Q+2k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0jEqseCF48V7Qe0oWy2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ncLa+sbmVnG7tLO7t39QPjxqmiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHtzO/9cS1EYl6xHHKg5gOlIgEo2ilh6rr9coVz/XmIKvEz0kFctR75a9uP2FZzBUySY3p+F6KwYRqFEzyaambGZ5SNqID3rFU0ZibYDI/dUrOrNInUaJtKSRz9ffEhMbGjOPQdsYUh2bZm4n/eZ0Mo5tgIlSaIVdssSjKJMGEzP4mfaE5Qzm2hDIt7K2EDammDG06JRuCv/zyKmleuP6lW72/rNSu8jiKcAKncA4+XEMN7qAODWAwgGd4hTdHOi/Ou/OxaC04+cwx/IHz+QNYko0n</latexit>

Aspect Ratio

<latexit sha1_base64="6KLH5ndHee6BMy3H+6mrkKloHjo=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRSH8uKG5dV7APaUCbTSTt0MgkzN2IJ9VfcuFDErR/izr9x0mahrQcuHM65l3vv8WPBNTjOt1VYWV1b3yhulra2d3b37P2Dlo4SRVmTRiJSHZ9oJrhkTeAgWCdWjIS+YG1/fJ357QemNI/kPUxi5oVkKHnAKQEj9e1yD9gjpFc6ZhTwXaZO+3bFqToz4GXi5qSCcjT69ldvENEkZBKoIFp3XScGLyUKOBVsWuolmsWEjsmQdQ2VJGTaS2fHT/GxUQY4iJQpCXim/p5ISaj1JPRNZ0hgpBe9TPzP6yYQXHopl3ECTNL5oiARGCKcJYEHXJmfxcQQQhU3t2I6IopQMHmVTAju4svLpHVadWvVs9tapX6ex1FEh+gInSAXXaA6ukEN1EQUTdAzekVv1pP1Yr1bH/PWgpXPlNEfWJ8/CMWU/Q==</latexit>

Figure 4. Ranges of aspect ratio values and the percent 
of mesh cells that fall within that range as 𝜃 varies.  

Morphed mesh
Reference mesh

Reduced-Order Models for Dynamic Rupture

Figure 5. Velocity components at 5 off-fault receivers 
for 𝜃 = 50°.	Generated mesh output in black, morphed 
mesh output in orange, and RMSE values in blue.

vx (m/s)

<latexit sha1_base64="noiBeWgCdix9HphdaZtYw69c7ik=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiZS0WXBjcsK9gFNCJPppB06eTBzU1pCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufcePxFcgWV9GxubW9s7u6W98v7B4dGxeVLpqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuP7+d+d8Kk4nH0BLOEuSEZRjzglICWPLMy8abYwQ6wKWS18Epd5p5ZterWAnid2AWpogItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5WUnVSwhdEyGrK9pREKm3Gxxe44vtDLAQSx1RYAX6u+JjIRKzUJfd4YERmrVm4v/ef0Ugjs341GSAovoclGQCgwxngeBB1wyCmKmCaGS61sxHRFJKOi4yjoEe/XlddK5rtuN+s1jo9qsFXGU0Bk6RzVko1vURA+ohdqIoil6Rq/ozciNF+Pd+Fi2bhjFzCn6A+PzB/tKk68=</latexit>

vy (m/s)

<latexit sha1_base64="CRoqOv9XiVVhR0UQIUQjIBrxir8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiZS0WXBjcsK9gFNCJPppB06eTBzUxpCf8WNC0Xc+iPu/BunbRbaeuDC4Zx7ufcePxFcgWV9GxubW9s7u6W98v7B4dGxeVLpqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuP7+d+d8Kk4nH0BFnC3JAMIx5wSkBLnlmZeBl2sANsCnktvFKXM8+sWnVrAbxO7IJUUYGWZ345g5imIYuACqJU37YScHMigVPBZmUnVSwhdEyGrK9pREKm3Hxx+wxfaGWAg1jqigAv1N8TOQmVykJfd4YERmrVm4v/ef0Ugjs351GSAovoclGQCgwxngeBB1wyCiLThFDJ9a2YjogkFHRcZR2CvfryOulc1+1G/eaxUW3WijhK6Aydoxqy0S1qogfUQm1E0RQ9o1f0ZsyMF+Pd+Fi2bhjFzCn6A+PzB/zdk7A=</latexit>

vz (m/s)

<latexit sha1_base64="jq6pNMk3+PmzxuWYHVQWaUuvj08=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNzWRii4LblxWsA9oQphMp+3QyYOZm9Ia8ituXCji1h9x5984bbPQ1gMXDufcy733+LHgCizr2yhsbG5t7xR3S3v7B4dH5nG5raJEUtaikYhk1yeKCR6yFnAQrBtLRgJfsI4/vpv7nQmTikfhI8xi5gZkGPIBpwS05JnlifeEHewAm0JaDS7VReaZFatmLYDXiZ2TCsrR9Mwvpx/RJGAhUEGU6tlWDG5KJHAqWFZyEsViQsdkyHqahiRgyk0Xt2f4XCt9PIikrhDwQv09kZJAqVng686AwEitenPxP6+XwODWTXkYJ8BCulw0SASGCM+DwH0uGQUx04RQyfWtmI6IJBR0XCUdgr368jppX9Xseu36oV5pVPM4iugUnaEqstENaqB71EQtRNEUPaNX9GZkxovxbnwsWwtGPnOC/sD4/AH+cJOx</latexit>

• The mesh morphing method preserves mesh connectivity during morphing, which 
allows us to apply data-driven, non-intrusive reduced-order modeling [5,6].

• We construct reduced-order models (ROMs) from dynamic rupture simulation output 
using the interpolated Proper Orthogonal Decomposition (iPOD) approach [7,8,9,10], 
which has recently been applied in several geophysical applications [11,12,13].

• The ROMs approximate simulation output and are highly efficient to evaluate, 
permitting robust global sensitivity analysis with respect to varying geometries. 

Reduced-Order Model for Vertical Surface Displacement 𝒖𝒛 
• ROM constructed using vertical surface displacement 𝑢" at a given timestep from 

SeisSol simulations run on morphed meshes for 𝜃 = 50°, 51°, … 69°, 70° .
• Leave-one-out cross-validation 𝐿# error is 0.03-0.06 m at edge of parameter space, 

but within parameter interval it is < 0.01 m and typically < 0.005 m (or 0.1% of max 𝑢"). 
𝟑. 𝟏𝟓	×	𝟏𝟎𝟒 s 
𝟓	×	𝟏𝟎%𝟒 s 
𝟏𝟎𝟖×                            

Contours

<latexit sha1_base64="8MuPiLhmfnqHgUPakomD9Rm0rac=">AAAB+HicbVDLSgMxFM34rPXRUZduglVwVWakostCNy4r2Ae0Q8mkmTY0kwzJHbEO/RI3LhRx66e4829M21lo64ELh3PuTe49YSK4Ac/7dtbWNza3tgs7xd29/YOSe3jUMirVlDWpEkp3QmKY4JI1gYNgnUQzEoeCtcNxfea3H5g2XMl7mCQsiMlQ8ohTAlbqu6UesEfI6kqCfdJM+27Zq3hz4FXi56SMcjT67ldvoGgaMwlUEGO6vpdAkBENnAo2LfZSwxJCx2TIupZKEjMTZPPFp/jcKgMcKW1LAp6rvycyEhsziUPbGRMYmWVvJv7ndVOIboKMyyQFJunioygVGBSepYAHXDMKYmIJoZrbXTEdEU0o2KyKNgR/+eRV0rqs+NXK1V21XDvL4yigE3SKLpCPrlEN3aIGaiKKUvSMXtGb8+S8OO/Ox6J1zclnjtEfOJ8/nnCToQ==</latexit>

Morphed

<latexit sha1_base64="yuhV37nxU5FIkaYFxfdT6ExKz8s=">AAAB9XicbVBNS8NAEN34WetX1aOXYBU8lUQqeix48SJUsB/QxrLZTNqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fiK4Rsf5tpaWV1bX1gsbxc2t7Z3d0t5+U8epYtBgsYhV26caBJfQQI4C2okCGvkCWv7wauK3HkBpHss7HCXgRbQvecgZRSPddxGeMLuJVTKAYNwrlZ2KM4W9SNyclEmOeq/01Q1ilkYgkQmqdcd1EvQyqpAzAeNiN9WQUDakfegYKmkE2sumV4/tE6MEdhgrUxLtqfp7IqOR1qPIN50RxYGe9ybif14nxfDSy7hMUgTJZovCVNgY25MI7IArYChGhlCmuLnVZgOqKEMTVNGE4M6/vEiaZxW3Wjm/rZZrx3kcBXJIjsgpcckFqZFrUicNwogiz+SVvFmP1ov1bn3MWpesfOaA/IH1+QMkhJLY</latexit>

Exact

<latexit sha1_base64="0FQRUCp+nvAmBvHMzCc1k+qXrQc=">AAAB83icbVDLSgNBEOyNrxhfUY9eBqPgKexKRI8BETxGMA/ILmF2MpsMmX0w0ysJS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmFtfWNzq7hd2tnd2z8oHx61dJwqxpsslrHq+FRzKSLeRIGSdxLFaehL3vZHtzO//cSVFnH0iJOEeyEdRCIQjKKRXBf5GLO7MWU47ZUrdtWeg6wSJycVyNHolb/cfszSkEfIJNW669gJehlVKJjk05Kbap5QNqID3jU0oiHXXja/eUrOjdInQaxMRUjm6u+JjIZaT0LfdIYUh3rZm4n/ed0UgxsvE1GSIo/YYlGQSoIxmQVA+kJxhnJiCGVKmFsJG1JlEjAxlUwIzvLLq6R1WXVq1auHWqV+lsdRhBM4hQtw4BrqcA8NaAKDBJ7hFd6s1Hqx3q2PRWvBymeO4Q+szx+FUZHq</latexit>

Di↵erence

<latexit sha1_base64="Lg5fsdmuS6pl7u2r9uTHSgIIWEY=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkfhwLevBYwX5AW8pmO2mXbjZhd6KW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbm+bHgGl3328qtrK6tb+Q3C1vbO7t7dnG/oaNEMaizSESq5VMNgkuoI0cBrVgBDX0BTX90NfWb96A0j+QdjmPohnQgecAZRSP17GIH4RHTax4EoEAymPTsklt2Z3CWiZeREslQ69lfnX7EkhAkMkG1bntujN2UKuRMwKTQSTTElI3oANqGShqC7qaz0yfOsVH6ThApUxKdmfp7IqWh1uPQN50hxaFe9Kbif147weCym3IZJ2jemi8KEuFg5ExzcPpcAUMxNoQyxc2tDhtSRRmatAomBG/x5WXSOC17lfLZbaVUPc/iyJNDckROiEcuSJXckBqpE0YeyDN5JW/Wk/VivVsf89aclc0ckD+wPn8A0SKUVQ==</latexit>

Figure 9. Velocity components at 5 off-fault receivers for 𝜃 = 54°, with morphed mesh velocity in black, the ROM 
approximation in blue, and generated mesh velocity as orange points; RMSE between morphed mesh velocity and ROM 
approximation in dark blue text, and RMSE between generated mesh velocity and ROM approximation in orange text.

ROM Solution

<latexit sha1_base64="Z4MGWu2XoI4Jhbitv2Yu+IzwUiA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISWRii4LbtyI9dEHtKFMptN26GQmzNyINRR/xY0LRdz6H+78G5M2C209cOFwzr3ce48fCm7Acb6tufmFxaXl3Ep+dW19Y9Pe2q4ZFWnKqlQJpRs+MUxwyarAQbBGqBkJfMHq/uA89ev3TBuu5B0MQ+YFpCd5l1MCidS2d1vAHiC+ubrEt0pEqTjKt+2CU3TGwLPEzUgBZai07a9WR9EoYBKoIMY0XScELyYaOBVslG9FhoWEDkiPNRMqScCMF4+vH+GDROngrtJJScBj9fdETAJjhoGfdAYE+mbaS8X/vGYE3TMv5jKMgEk6WdSNBAaF0yhwh2tGQQwTQqjmya2Y9okmFJLA0hDc6ZdnSe246JaKJ9elQvkoiyOH9tA+OkQuOkVldIEqqIooekTP6BW9WU/Wi/VufUxa56xsZgf9gfX5AyDFlPM=</latexit>

True Solution

<latexit sha1_base64="sN5kMdrfqnCa5dS9F6NNADNq6/w=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPEhJpKLHghePFfsFbSib7aRduvlgdyKWUPCvePGgiFd/hzf/jUmbg7Y+GHi8N8PMPDeSQqNlfRuFldW19Y3iZmlre2d3z9w/aOkwVhyaPJSh6rhMgxQBNFGghE6kgPmuhLY7vsn89gMoLcKggZMIHJ8NA+EJzjCV+uZRD+ERk4aKgd6HMs7Uaalvlq2KNQNdJnZOyiRHvW9+9QYhj30IkEumdde2InQSplBwCdNSL9YQMT5mQ+imNGA+aCeZnT+lp6kyoF6o0gqQztTfEwnztZ74btrpMxzpRS8T//O6MXrXTiKCKEYI+HyRF0uKIc2yoAOhgKOcpIRxJdJbKR8xxTimiWUh2IsvL5PWRcWuVi7vquXaeR5HkRyTE3JGbHJFauSW1EmTcJKQZ/JK3own48V4Nz7mrQUjnzkkf2B8/gBfaZWv</latexit>

Error

<latexit sha1_base64="mxs41DpE+0NxWR8Q2ki+XU3WTGY=">AAAB9HicbVBNSwMxEM36WetX1aOXYBE8SNmVih4LInisYD+gXUo2zbah2WRNZotl6e/w4kERr/4Yb/4bs+0etPXBwOO9GWbmBbHgBlz321lZXVvf2CxsFbd3dvf2SweHTaMSTVmDKqF0OyCGCS5ZAzgI1o41I1EgWCsY3WR+a8y04Uo+wCRmfkQGkoecErCS3wX2BOmt1kpPi71S2a24M+Bl4uWkjHLUe6Wvbl/RJGISqCDGdDw3Bj8lGjgVbFrsJobFhI7IgHUslSRixk9nR0/xqVX6OFTalgQ8U39PpCQyZhIFtjMiMDSLXib+53USCK/9lMs4ASbpfFGYCAwKZwngPteMgphYQqjm9lZMh0QTCjanLARv8eVl0ryoeNXK5X21XDvP4yigY3SCzpCHrlAN3aE6aiCKHtEzekVvzth5cd6dj3nripPPHKE/cD5/AOEDkhs=</latexit>

True Solution uz (m)

<latexit sha1_base64="+S/qrCVVYt2rLaZxbfang2OkROA=">AAACEHicbVC7SkNBEN3rM8ZX1NJmMYixCfdKRMuAjWXEvCAJYe9mkizZ+2B3VoyXfIKNv2JjoYitpZ1/4+ZRaOKBGQ7nzLA7x4+l0Oi6387S8srq2npqI725tb2zm9nbr+rIKA4VHslI1X2mQYoQKihQQj1WwAJfQs0fXI392h0oLaKwjMMYWgHrhaIrOEMrtTMnTYR7TMrKAL2NpBmrI9qkpv1g+9TMBaejdibr5t0J6CLxZiRLZii1M1/NTsRNACFyybRueG6MrYQpFFzCKN00GmLGB6wHDUtDFoBuJZODRvTYKh3ajZStEOlE/b2RsEDrYeDbyYBhX897Y/E/r2Gwe9lKRBgbhJBPH+oaSTGi43RoRyjgKIeWMK6E/SvlfaYYR5th2obgzZ+8SKpnea+QP78pZIu5WRwpckiOSI545IIUyTUpkQrh5JE8k1fy5jw5L8678zEdXXJmOwfkD5zPH1wxnLI=</latexit>

ROM uz (m)

<latexit sha1_base64="Qzm1Dtlzy7m6xv2dAJKGn/n1T2o=">AAACBnicbVC7SgNBFJ2Nrxhfq5YiDAYhNmFXIloGbGzEKOYB2RBmJ7PJkNkHM3fFuGxl46/YWChi6zfY+TdOki008cC9HM65l5l73EhwBZb1beQWFpeWV/KrhbX1jc0tc3unocJYUlanoQhlyyWKCR6wOnAQrBVJRnxXsKY7PB/7zTsmFQ+DWxhFrOOTfsA9TgloqWvuO8DuIbm5ukyxg+Pug+5TqeQfpV2zaJWtCfA8sTNSRBlqXfPL6YU09lkAVBCl2rYVQSchEjgVLC04sWIRoUPSZ21NA+Iz1UkmZ6T4UCs97IVSVwB4ov7eSIiv1Mh39aRPYKBmvbH4n9eOwTvrJDyIYmABnT7kxQJDiMeZ4B6XjIIYaUKo5PqvmA6IJBR0cgUdgj178jxpHJftSvnkulKslrI48mgPHaASstEpqqILVEN1RNEjekav6M14Ml6Md+NjOpozsp1d9AfG5w8Fo5gf</latexit>

abs(uTrue

z � uROM

z ) (m)

<latexit sha1_base64="/SbjXvgRu9NJE3dc8dlQJZL/20s=">AAACJ3icbVDLSgNBEJz1GeMr6tHLYBDiwbArip5E8OJFjGKMkMQwO+kkQ2YfzPSKcdm/8eKveBFURI/+iZPsHuKjYKC6qpueLjeUQqNtf1oTk1PTM7O5ufz8wuLScmFl9UoHkeJQ5YEM1LXLNEjhQxUFSrgOFTDPlVBz+8dDv3YLSovAv8RBCE2PdX3REZyhkVqFwwbCHcbM1Ukpat3fxGl9qSJIErpNx7SLs9Mk2aINmpYlbyuhrULRLtsj0L/EyUiRZKi0Ci+NdsAjD3zkkmldd+wQmzFTKLiEJN+INISM91kX6ob6zAPdjEd3JnTTKG3aCZR5PtKROj4RM0/rgeeaTo9hT//2huJ/Xj3CzkEzFn4YIfg8XdSJJMWADkOjbaGAoxwYwrgS5q+U95hiHE20eROC8/vkv+Rqp+zslvfOd4tHpSyOHFknG6REHLJPjsgJqZAq4eSBPJFX8mY9Ws/Wu/WRtk5Y2cwa+QHr6xtRh6at</latexit>

True Solution

<latexit sha1_base64="HGXOMU8V08osKag6IQ0o2MGjnSU=">AAAB/XicbVDJSgNBEO1xjXGLy81LYxA8hRmJyzHgxWPEbJAMoadTSZr0LHTXiHEI/ooXD4p49T+8+Tf2JHPQxAcFj/eqqKrnRVJotO1va2l5ZXVtPbeR39za3tkt7O03dBgrDnUeylC1PKZBigDqKFBCK1LAfE9C0xtdp37zHpQWYVDDcQSuzwaB6AvO0EjdwmEH4QGTmoqB3oUyTtVJt1C0S/YUdJE4GSmSDNVu4avTC3nsQ4BcMq3bjh2hmzCFgkuY5DuxhojxERtA29CA+aDdZHr9hJ4YpUf7oTIVIJ2qvycS5ms99j3T6TMc6nkvFf/z2jH2r9xEBFGMEPDZon4sKYY0jYL2hAKOcmwI40qYWykfMsU4msDyJgRn/uVF0jgrOeXS+W25WLnI4siRI3JMTolDLkmF3JAqqRNOHskzeSVv1pP1Yr1bH7PWJSubOSB/YH3+ACXklaU=</latexit>

ROM Solution

<latexit sha1_base64="cj3wKAqB3pLSzb3FyoyUj/4nyT4=">AAAB/HicbVDJSgNBEO2JW4zbaI5eGoPgKcxIXI4BL17EuGSBZAg9nZ6kSc9Cd404DPFXvHhQxKsf4s2/sSeZgyY+KHi8V0VVPTcSXIFlfRuFpeWV1bXiemljc2t7x9zda6kwlpQ1aShC2XGJYoIHrAkcBOtEkhHfFaztji8yv/3ApOJhcA9JxByfDAPucUpAS32z3AP2COnt9RW+C0WciZO+WbGq1hR4kdg5qaAcjb751RuENPZZAFQQpbq2FYGTEgmcCjYp9WLFIkLHZMi6mgbEZ8pJp8dP8KFWBtgLpa4A8FT9PZESX6nEd3WnT2Ck5r1M/M/rxuCdOykPohhYQGeLvFhgCHGWBB5wySiIRBNCJde3YjoiklDQeZV0CPb8y4ukdVy1a9WTm1qlfprHUUT76AAdIRudoTq6RA3URBQl6Bm9ojfjyXgx3o2PWWvByGfK6A+Mzx/n5ZTp</latexit>

Error

<latexit sha1_base64="mJcVyitwRiRxSudJ1fJVH5bw+N0=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2NABI8RzAOyS5idTJIhszPLTK8YlvyGFw+KePVnvPk3TpI9aGJBQ1HVTXdXlAhu0PO+ncLK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbETFMcMkayFGwdqIZiSPBWtHoZuq3Hpk2XMkHHCcsjMlA8j6nBK0UBMieMLvVWulJt1zxqt4M7jLxc1KBHPVu+SvoKZrGTCIVxJiO7yUYZkQjp4JNSkFqWELoiAxYx1JJYmbCbHbzxD2xSs/tK21LojtTf09kJDZmHEe2MyY4NIveVPzP66TYvw4zLpMUmaTzRf1UuKjcaQBuj2tGUYwtIVRze6tLh0QTijamkg3BX3x5mTTPqv559eL+vFK7zOMowhEcwyn4cAU1uIM6NIBCAs/wCm9O6rw4787HvLXg5DOH8AfO5w+qwJIR</latexit>

Preprint available 

Figure 7. SeisSol output vs. reduced order model (ROM) approximations 
of the vertical ground  displacement 𝑢% for a fault dip of 𝜃 = 52.5°, with 
max error in blue text.

�36

<latexit sha1_base64="Cn0EZN7pMr3IP4RJnBxmuidgM+g=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBByMexqfBwDXjxGNA9IljA76U2GzM4uM7NCCPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nffEKleSwfzShBP6J9yUPOqLHSw9nFVbdQdMvuDGSZeBkpQoZat/DV6cUsjVAaJqjWbc9NjD+mynAmcJLvpBoTyoa0j21LJY1Q++PZqRNyapUeCWNlSxoyU39PjGmk9SgKbGdEzUAvelPxP6+dmvDGH3OZpAYlmy8KU0FMTKZ/kx5XyIwYWUKZ4vZWwgZUUWZsOnkbgrf48jJpnJe9SvnyvlKslrI4cnAMJ1ACD66hCndQgzow6MMzvMKbI5wX5935mLeuONnMEfyB8/kDWN2NHA==</latexit>

36

<latexit sha1_base64="rnsGCpft1tnldGSqoiKXt2gyRpA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoOQU9jV+DgGvHiMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKtf5M2/cTbZgyYWNBRV3XR3BTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySj2YaU1/gkWQhI9hY6eHiqjQoV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NQZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIbP2UyTgyVZLEoTDgyEcr+RkOmKDF8agkmitlbERljhYmx6WQheMsvr5L2ec2r1y7v65VGNY+jCCdwClXw4BoacAdNaAGBETzDK7w53Hlx3p2PRWvByWeO4Q+czx8j4Iz5</latexit>

�25

<latexit sha1_base64="gsdJjyk7svbMjMYgrNGLffs1G3E=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahF8tuadFjwYvHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSdf1ZmlUrrg1dwm0SbycVCBHe1T+Go4jkggqDeFY64HnxsZPsTKMcLooDRNNY0xmeEIHlkosqPbT5a0LdGWVMQojZUsatFR/T6RYaD0Xge0U2Ez1upeJ/3mDxIS3fspknBgqyWpRmHBkIpQ9jsZMUWL43BJMFLO3IjLFChNj48lC8NZf3iTdes1r1JoPjUqrmsdRhAu4hCp4cAMtuIc2dIDAFJ7hFd4c4bw4787HqrXg5DPn8AfO5w+KeI0u</latexit>

25

<latexit sha1_base64="/VmwvwNDpJ0NCpFuE2QNddVIN+0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvQU9ktLXosePFY0X5Au5Rsmm1Ds9klyQpl6U/w4kERr/4ib/4bs+0etPXBwOO9GWbm+bHg2jjONypsbe/s7hX3SweHR8cn5dOzro4SRVmHRiJSfZ9oJrhkHcONYP1YMRL6gvX82W3m956Y0jySj2YeMy8kE8kDTomx0kO9WRqVK07NWQJvEjcnFcjRHpW/huOIJiGThgqi9cB1YuOlRBlOBVuUholmMaEzMmEDSyUJmfbS5akLfGWVMQ4iZUsavFR/T6Qk1Hoe+rYzJGaq171M/M8bJCa48VIu48QwSVeLgkRgE+HsbzzmilEj5pYQqri9FdMpUYQam04Wgrv+8ibp1mtuo9a8b1Ra1TyOIlzAJVTBhWtowR20oQMUJvAMr/CGBHpB7+hj1VpA+cw5/AH6/AEg1Yz3</latexit>

x
(k
m
)

<latexit sha1_base64="AfkGBaMHxjjQ4sglxQm64MjdZH8=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0mkoseCF48V7Ac0oWy2m3bpbhJ2J6Ul9J948aCIV/+JN/+NmzYHbX0w8Hhvhpl5QSK4Bsf5tjY2t7Z3dkt75f2Dw6Nj++S0reNUUdaisYhVNyCaCR6xFnAQrJsoRmQgWCcY3+d+Z8KU5nH0BLOE+ZIMIx5ySsBIfdueYg97wKaQVcfyal7u2xWn5iyA14lbkAoq0OzbX94gpqlkEVBBtO65TgJ+RhRwKti87KWaJYSOyZD1DI2IZNrPFpfP8aVRBjiMlakI8EL9PZERqfVMBqZTEhjpVS8X//N6KYR3fsajJAUW0eWiMBUYYpzHgAdcMQpiZgihiptbMR0RRSiYsPIQ3NWX10n7uubWazeP9UqjWsRRQufoAlWRi25RAz2gJmohiiboGb2iNyuzXqx362PZumEVM2foD6zPHxybkpk=</latexit>

y (km)

<latexit sha1_base64="nNDPKYZ3SGM8s5Im/xKjk2VjzKo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiFT0WvHisYD+gCWWz3bZLN5uwOymG0H/ixYMiXv0n3vw3btoctPXBwOO9GWbmBbHgGhzn2yptbG5t75R3K3v7B4dH9vFJR0eJoqxNIxGpXkA0E1yyNnAQrBcrRsJAsG4wvcv97owpzSP5CGnM/JCMJR9xSsBIA9tOsYc9YE+Q1abh5bwysKtO3VkArxO3IFVUoDWwv7xhRJOQSaCCaN13nRj8jCjgVLB5xUs0iwmdkjHrGypJyLSfLS6f4wujDPEoUqYk4IX6eyIjodZpGJjOkMBEr3q5+J/XT2B062dcxgkwSZeLRonAEOE8BjzkilEQqSGEKm5uxXRCFKFgwspDcFdfXiedq7rbqF8/NKrNWhFHGZ2hc1RDLrpBTXSPWqiNKJqhZ/SK3qzMerHerY9la8kqZk7RH1ifPx4ukpo=</latexit>

Mean Solution uz (m)

<latexit sha1_base64="wlH2d/f0zPO2yH0aWEPKbax2wIo=">AAACEXicbVA9SwNBEN2L3/Hr1NJmMQixCXcS0VKwsREimg9IQtjbTHTJ3t6xOyfGI3/Bxr9iY6GIrZ2d/8a9JIUmPpjh8d4Mu/OCWAqDnvft5ObmFxaXllfyq2vrG5vu1nbNRInmUOWRjHQjYAakUFBFgRIasQYWBhLqQf8s8+t3oI2I1DUOYmiH7EaJnuAMrdRxiy2Ee0wvgCl6FckkU4e0RZPOg+1jsxgeDPMdt+CVvBHoLPEnpEAmqHTcr1Y34kkICrlkxjR9L8Z2yjQKLmGYbyUGYsb77AaalioWgmmno4uGdN8qXdqLtC2FdKT+3khZaMwgDOxkyPDWTHuZ+J/XTLB30k6FihMExccP9RJJMaJZPLQrNHCUA0sY18L+lfJbphlHG2IWgj998iypHZb8cunoslw4LU7iWCa7ZI8UiU+OySk5JxVSJZw8kmfySt6cJ+fFeXc+xqM5Z7KzQ/7A+fwBbFqcpw==</latexit>

Standard Dev. uz (m)

<latexit sha1_base64="Aod2Rpj6OPO1RsT3sfnjQ6ekqN8=">AAACEXicbVA9T8MwEHX4LOUrwMhiUSGVpUpQEYxIMDAWQQGpjSLHuRYLx4nsC6JE/Qss/BUWBhBiZWPj3+B+DFB40p2e3ruTfS/KpDDoeV/O1PTM7Nx8aaG8uLS8suqurV+YNNccmjyVqb6KmAEpFDRRoISrTANLIgmX0c3RwL+8BW1Eqs6xl0GQsK4SHcEZWil0q22EOyzOkKmY6Zgew22tT9s0D+9tH5nVZKdfDt2KV/OGoH+JPyYVMkYjdD/bccrzBBRyyYxp+V6GQcE0Ci6hX27nBjLGb1gXWpYqloAJiuFFfbptlZh2Um1LIR2qPzcKlhjTSyI7mTC8NpPeQPzPa+XYOQgKobIcQfHRQ51cUkzpIB4aCw0cZc8SxrWwf6X8mmnG0YY4CMGfPPkvudit+fXa3mm9clgdx1Eim2SLVIlP9skhOSEN0iScPJAn8kJenUfn2Xlz3kejU854Z4P8gvPxDdRfnEc=</latexit>

Full Variation uz (m)

<latexit sha1_base64="3KFeDDnOl76jnNjBzKZobDpwFrI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoN2VGKrosCOKygn1AW4ZMmmlDk5khuSPWod/gxl9x40IRt67c+Tem7Sy09cC9HM65l+QePxZcg+N8W7mV1bX1jfxmYWt7Z3fP3j9o6ihRlDVoJCLV9olmgoesARwEa8eKEekL1vJHl1O/dceU5lF4C+OY9SQZhDzglICRPLvcBXYP6VUiBG4SxWfyBHdx4j2YPndLsjwpeHbRqTgz4GXiZqSIMtQ9+6vbj2giWQhUEK07rhNDLyUKOBVsUugmmsWEjsiAdQwNiWS6l85OmuATo/RxEClTIeCZ+nsjJVLrsfTNpCQw1IveVPzP6yQQXPRSHsYJsJDOHwoSgSHC03xwnytGQYwNIVRx81dMh0QRCibFaQju4snLpHlacauVs5tqsVbK4sijI3SMSshF56iGrlEdNRBFj+gZvaI368l6sd6tj/lozsp2DtEfWJ8/NhidEw==</latexit>

�8.0

<latexit sha1_base64="QGghDCPSLmjHM40NL9f520pnT4s=">AAAB63icbVBNS8NAEJ34WetX1aOXxSL0YkikYo8FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737Wxsbm3v7Jb2yvsHh0fHlZPTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9C73u09UaRbLRzNLaCDwWLKIEWxy6arhesNK1XO9BdA68QtShQKtYeVrMIpJKqg0hGOt+76XmCDDyjDC6bw8SDVNMJniMe1bKrGgOsgWt87RpVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTEzWCjMkkNVSS5aIo5cjEKH8cjZiixPCZJZgoZm9FZIIVJsbGU7Yh+Ksvr5POtevX3ZuHerVZK+IowTlcQA18uIUm3EML2kBgAs/wCm+OcF6cd+dj2brhFDNn8AfO5w/CkY1T</latexit>

8.0

<latexit sha1_base64="WStwet0XPkF362Y2IOfp4iRWvuE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIxR4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK942aOyhX3Jq7AFknXk4qkKM1KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhA0/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn12tVdvdKs5nEU4QzOoQoeXEMTbqEFbWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QNY7o0c</latexit>

0.0

<latexit sha1_base64="4eZckfWF6rLDOBGZk0kRMbMubOM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRahp7IrFT0WvHisaD+gXUo2nW1Ds9klyQpl6U/w4kERr/4ib/4b03YP2vog4fHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7fmDsoV+y9A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFqvOyIVVhiSMlX3SkIX6uyOjkdbTKLCVETVjverNxf+8XmrCGz/jMkkNSrYcFKaCmJjM7yZDrpAZMbWEMsXtroSNqaLM2HRKNgRv9eR10r6sefXa1X290qjmcRThDM6hCh5cQwPuoAktYDCCZ3iFN0c4L86787EsLTh5zyn8gfP5A0y+jRQ=</latexit>

0.0

<latexit sha1_base64="4eZckfWF6rLDOBGZk0kRMbMubOM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRahp7IrFT0WvHisaD+gXUo2nW1Ds9klyQpl6U/w4kERr/4ib/4b03YP2vog4fHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7fmDsoV+y9A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFqvOyIVVhiSMlX3SkIX6uyOjkdbTKLCVETVjverNxf+8XmrCGz/jMkkNSrYcFKaCmJjM7yZDrpAZMbWEMsXtroSNqaLM2HRKNgRv9eR10r6sefXa1X290qjmcRThDM6hCh5cQwPuoAktYDCCZ3iFN0c4L86787EsLTh5zyn8gfP5A0y+jRQ=</latexit>

0.4

<latexit sha1_base64="+F2brvC1aPqtaNdJCNwKtReFexQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1Fjpwa3VB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnVfrzSqeRxFOINzqIIH19CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBSzo0Y</latexit>

0.81

<latexit sha1_base64="PBlNVvIJOoL/CJmUVpOia8bjAXM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahp5BIxR4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2yltbe/s7pX3KweHR8cn1dOzro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh7C73e09UaRbLRzNPaCDwRLKIEWxyyXOb/qha81xvCbRJ/ILUoEB7VP0ajmOSCioN4Vjrge8lJsiwMoxwuqgMU00TTGZ4QgeWSiyoDrLlrQt0ZZUximJlSxq0VH9PZFhoPReh7RTYTPW6l4v/eYPURM0gYzJJDZVktShKOTIxyh9HY6YoMXxuCSaK2VsRmWKFibHxVGwI/vrLm6R77foN9+ahUWvVizjKcAGXUAcfbqEF99CGDhCYwjO8wpsjnBfn3flYtZacYuYc/sD5/AHIoI1X</latexit>

0.0

<latexit sha1_base64="4eZckfWF6rLDOBGZk0kRMbMubOM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRahp7IrFT0WvHisaD+gXUo2nW1Ds9klyQpl6U/w4kERr/4ib/4b03YP2vog4fHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7fmDsoV+y9A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFqvOyIVVhiSMlX3SkIX6uyOjkdbTKLCVETVjverNxf+8XmrCGz/jMkkNSrYcFKaCmJjM7yZDrpAZMbWEMsXtroSNqaLM2HRKNgRv9eR10r6sefXa1X290qjmcRThDM6hCh5cQwPuoAktYDCCZ3iFN0c4L86787EsLTh5zyn8gfP5A0y+jRQ=</latexit>

1.46

<latexit sha1_base64="rff4ZhoSHAqccw9BsCAqVEtQNbw=">AAAB63icbVDLSsNAFL2pr1pfVZduBovQVUikPpYFNy4r2Ae0oUymk3bozCTMTIQS+gtuXCji1h9y5984abPQ1gMXDufcy733hAln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jkku82rofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46l67fcK8eGrVmvYijDGdwDnXw4QaacA8taAOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx/Lp41Z</latexit>

2.91

<latexit sha1_base64="/Kpt5cY5hGt+cBLAvGh7daNeQpc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSL0FJJSUW8FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737Wxsbm3v7Jb2yvsHh0fHlZPTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9C73u09UaRbLRzNLaCDwWLKIEWxyqe7e+sNK1XO9BdA68QtShQKtYeVrMIpJKqg0hGOt+76XmCDDyjDC6bw8SDVNMJniMe1bKrGgOsgWt87RpVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTE90EGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2xD8FdfXieduus33KuHRrVZK+IowTlcQA18uIYm3EML2kBgAs/wCm+OcF6cd+dj2brhFDNn8AfO5w/NM41a</latexit>

�36

<latexit sha1_base64="Cn0EZN7pMr3IP4RJnBxmuidgM+g=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBByMexqfBwDXjxGNA9IljA76U2GzM4uM7NCCPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nffEKleSwfzShBP6J9yUPOqLHSw9nFVbdQdMvuDGSZeBkpQoZat/DV6cUsjVAaJqjWbc9NjD+mynAmcJLvpBoTyoa0j21LJY1Q++PZqRNyapUeCWNlSxoyU39PjGmk9SgKbGdEzUAvelPxP6+dmvDGH3OZpAYlmy8KU0FMTKZ/kx5XyIwYWUKZ4vZWwgZUUWZsOnkbgrf48jJpnJe9SvnyvlKslrI4cnAMJ1ACD66hCndQgzow6MMzvMKbI5wX5935mLeuONnMEfyB8/kDWN2NHA==</latexit>

36

<latexit sha1_base64="rnsGCpft1tnldGSqoiKXt2gyRpA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoOQU9jV+DgGvHiMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKtf5M2/cTbZgyYWNBRV3XR3BTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySj2YaU1/gkWQhI9hY6eHiqjQoV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NQZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIbP2UyTgyVZLEoTDgyEcr+RkOmKDF8agkmitlbERljhYmx6WQheMsvr5L2ec2r1y7v65VGNY+jCCdwClXw4BoacAdNaAGBETzDK7w53Hlx3p2PRWvByWeO4Q+czx8j4Iz5</latexit>

�25

<latexit sha1_base64="gsdJjyk7svbMjMYgrNGLffs1G3E=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahF8tuadFjwYvHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSdf1ZmlUrrg1dwm0SbycVCBHe1T+Go4jkggqDeFY64HnxsZPsTKMcLooDRNNY0xmeEIHlkosqPbT5a0LdGWVMQojZUsatFR/T6RYaD0Xge0U2Ez1upeJ/3mDxIS3fspknBgqyWpRmHBkIpQ9jsZMUWL43BJMFLO3IjLFChNj48lC8NZf3iTdes1r1JoPjUqrmsdRhAu4hCp4cAMtuIc2dIDAFJ7hFd4c4bw4787HqrXg5DPn8AfO5w+KeI0u</latexit>

25

<latexit sha1_base64="/VmwvwNDpJ0NCpFuE2QNddVIN+0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvQU9ktLXosePFY0X5Au5Rsmm1Ds9klyQpl6U/w4kERr/4ib/4bs+0etPXBwOO9GWbm+bHg2jjONypsbe/s7hX3SweHR8cn5dOzro4SRVmHRiJSfZ9oJrhkHcONYP1YMRL6gvX82W3m956Y0jySj2YeMy8kE8kDTomx0kO9WRqVK07NWQJvEjcnFcjRHpW/huOIJiGThgqi9cB1YuOlRBlOBVuUholmMaEzMmEDSyUJmfbS5akLfGWVMQ4iZUsavFR/T6Qk1Hoe+rYzJGaq171M/M8bJCa48VIu48QwSVeLgkRgE+HsbzzmilEj5pYQqri9FdMpUYQam04Wgrv+8ibp1mtuo9a8b1Ra1TyOIlzAJVTBhWtowR20oQMUJvAMr/CGBHpB7+hj1VpA+cw5/AH6/AEg1Yz3</latexit>

x
(k
m
)

<latexit sha1_base64="AfkGBaMHxjjQ4sglxQm64MjdZH8=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0mkoseCF48V7Ac0oWy2m3bpbhJ2J6Ul9J948aCIV/+JN/+NmzYHbX0w8Hhvhpl5QSK4Bsf5tjY2t7Z3dkt75f2Dw6Nj++S0reNUUdaisYhVNyCaCR6xFnAQrJsoRmQgWCcY3+d+Z8KU5nH0BLOE+ZIMIx5ySsBIfdueYg97wKaQVcfyal7u2xWn5iyA14lbkAoq0OzbX94gpqlkEVBBtO65TgJ+RhRwKti87KWaJYSOyZD1DI2IZNrPFpfP8aVRBjiMlakI8EL9PZERqfVMBqZTEhjpVS8X//N6KYR3fsajJAUW0eWiMBUYYpzHgAdcMQpiZgihiptbMR0RRSiYsPIQ3NWX10n7uubWazeP9UqjWsRRQufoAlWRi25RAz2gJmohiiboGb2iNyuzXqx362PZumEVM2foD6zPHxybkpk=</latexit>

y (km)

<latexit sha1_base64="nNDPKYZ3SGM8s5Im/xKjk2VjzKo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiFT0WvHisYD+gCWWz3bZLN5uwOymG0H/ixYMiXv0n3vw3btoctPXBwOO9GWbmBbHgGhzn2yptbG5t75R3K3v7B4dH9vFJR0eJoqxNIxGpXkA0E1yyNnAQrBcrRsJAsG4wvcv97owpzSP5CGnM/JCMJR9xSsBIA9tOsYc9YE+Q1abh5bwysKtO3VkArxO3IFVUoDWwv7xhRJOQSaCCaN13nRj8jCjgVLB5xUs0iwmdkjHrGypJyLSfLS6f4wujDPEoUqYk4IX6eyIjodZpGJjOkMBEr3q5+J/XT2B062dcxgkwSZeLRonAEOE8BjzkilEQqSGEKm5uxXRCFKFgwspDcFdfXiedq7rbqF8/NKrNWhFHGZ2hc1RDLrpBTXSPWqiNKJqhZ/SK3qzMerHerY9la8kqZk7RH1ifPx4ukpo=</latexit>

Mean Solution uz (m)

<latexit sha1_base64="wlH2d/f0zPO2yH0aWEPKbax2wIo=">AAACEXicbVA9SwNBEN2L3/Hr1NJmMQixCXcS0VKwsREimg9IQtjbTHTJ3t6xOyfGI3/Bxr9iY6GIrZ2d/8a9JIUmPpjh8d4Mu/OCWAqDnvft5ObmFxaXllfyq2vrG5vu1nbNRInmUOWRjHQjYAakUFBFgRIasQYWBhLqQf8s8+t3oI2I1DUOYmiH7EaJnuAMrdRxiy2Ee0wvgCl6FckkU4e0RZPOg+1jsxgeDPMdt+CVvBHoLPEnpEAmqHTcr1Y34kkICrlkxjR9L8Z2yjQKLmGYbyUGYsb77AaalioWgmmno4uGdN8qXdqLtC2FdKT+3khZaMwgDOxkyPDWTHuZ+J/XTLB30k6FihMExccP9RJJMaJZPLQrNHCUA0sY18L+lfJbphlHG2IWgj998iypHZb8cunoslw4LU7iWCa7ZI8UiU+OySk5JxVSJZw8kmfySt6cJ+fFeXc+xqM5Z7KzQ/7A+fwBbFqcpw==</latexit>

Standard Dev. uz (m)

<latexit sha1_base64="Aod2Rpj6OPO1RsT3sfnjQ6ekqN8=">AAACEXicbVA9T8MwEHX4LOUrwMhiUSGVpUpQEYxIMDAWQQGpjSLHuRYLx4nsC6JE/Qss/BUWBhBiZWPj3+B+DFB40p2e3ruTfS/KpDDoeV/O1PTM7Nx8aaG8uLS8suqurV+YNNccmjyVqb6KmAEpFDRRoISrTANLIgmX0c3RwL+8BW1Eqs6xl0GQsK4SHcEZWil0q22EOyzOkKmY6Zgew22tT9s0D+9tH5nVZKdfDt2KV/OGoH+JPyYVMkYjdD/bccrzBBRyyYxp+V6GQcE0Ci6hX27nBjLGb1gXWpYqloAJiuFFfbptlZh2Um1LIR2qPzcKlhjTSyI7mTC8NpPeQPzPa+XYOQgKobIcQfHRQ51cUkzpIB4aCw0cZc8SxrWwf6X8mmnG0YY4CMGfPPkvudit+fXa3mm9clgdx1Eim2SLVIlP9skhOSEN0iScPJAn8kJenUfn2Xlz3kejU854Z4P8gvPxDdRfnEc=</latexit>

Full Variation uz (m)

<latexit sha1_base64="3KFeDDnOl76jnNjBzKZobDpwFrI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoN2VGKrosCOKygn1AW4ZMmmlDk5khuSPWod/gxl9x40IRt67c+Tem7Sy09cC9HM65l+QePxZcg+N8W7mV1bX1jfxmYWt7Z3fP3j9o6ihRlDVoJCLV9olmgoesARwEa8eKEekL1vJHl1O/dceU5lF4C+OY9SQZhDzglICRPLvcBXYP6VUiBG4SxWfyBHdx4j2YPndLsjwpeHbRqTgz4GXiZqSIMtQ9+6vbj2giWQhUEK07rhNDLyUKOBVsUugmmsWEjsiAdQwNiWS6l85OmuATo/RxEClTIeCZ+nsjJVLrsfTNpCQw1IveVPzP6yQQXPRSHsYJsJDOHwoSgSHC03xwnytGQYwNIVRx81dMh0QRCibFaQju4snLpHlacauVs5tqsVbK4sijI3SMSshF56iGrlEdNRBFj+gZvaI368l6sd6tj/lozsp2DtEfWJ8/NhidEw==</latexit>

�8.0

<latexit sha1_base64="QGghDCPSLmjHM40NL9f520pnT4s=">AAAB63icbVBNS8NAEJ34WetX1aOXxSL0YkikYo8FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737Wxsbm3v7Jb2yvsHh0fHlZPTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9C73u09UaRbLRzNLaCDwWLKIEWxy6arhesNK1XO9BdA68QtShQKtYeVrMIpJKqg0hGOt+76XmCDDyjDC6bw8SDVNMJniMe1bKrGgOsgWt87RpVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTEzWCjMkkNVSS5aIo5cjEKH8cjZiixPCZJZgoZm9FZIIVJsbGU7Yh+Ksvr5POtevX3ZuHerVZK+IowTlcQA18uIUm3EML2kBgAs/wCm+OcF6cd+dj2brhFDNn8AfO5w/CkY1T</latexit>

8.0

<latexit sha1_base64="WStwet0XPkF362Y2IOfp4iRWvuE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIxR4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK942aOyhX3Jq7AFknXk4qkKM1KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhA0/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn12tVdvdKs5nEU4QzOoQoeXEMTbqEFbWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QNY7o0c</latexit>

0.0

<latexit sha1_base64="4eZckfWF6rLDOBGZk0kRMbMubOM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRahp7IrFT0WvHisaD+gXUo2nW1Ds9klyQpl6U/w4kERr/4ib/4b03YP2vog4fHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7fmDsoV+y9A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFqvOyIVVhiSMlX3SkIX6uyOjkdbTKLCVETVjverNxf+8XmrCGz/jMkkNSrYcFKaCmJjM7yZDrpAZMbWEMsXtroSNqaLM2HRKNgRv9eR10r6sefXa1X290qjmcRThDM6hCh5cQwPuoAktYDCCZ3iFN0c4L86787EsLTh5zyn8gfP5A0y+jRQ=</latexit>

0.0

<latexit sha1_base64="4eZckfWF6rLDOBGZk0kRMbMubOM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRahp7IrFT0WvHisaD+gXUo2nW1Ds9klyQpl6U/w4kERr/4ib/4b03YP2vog4fHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7fmDsoV+y9A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFqvOyIVVhiSMlX3SkIX6uyOjkdbTKLCVETVjverNxf+8XmrCGz/jMkkNSrYcFKaCmJjM7yZDrpAZMbWEMsXtroSNqaLM2HRKNgRv9eR10r6sefXa1X290qjmcRThDM6hCh5cQwPuoAktYDCCZ3iFN0c4L86787EsLTh5zyn8gfP5A0y+jRQ=</latexit>

0.4

<latexit sha1_base64="+F2brvC1aPqtaNdJCNwKtReFexQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1Fjpwa3VB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnVfrzSqeRxFOINzqIIH19CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBSzo0Y</latexit>

0.81

<latexit sha1_base64="PBlNVvIJOoL/CJmUVpOia8bjAXM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahp5BIxR4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2yltbe/s7pX3KweHR8cn1dOzro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh7C73e09UaRbLRzNPaCDwRLKIEWxyyXOb/qha81xvCbRJ/ILUoEB7VP0ajmOSCioN4Vjrge8lJsiwMoxwuqgMU00TTGZ4QgeWSiyoDrLlrQt0ZZUximJlSxq0VH9PZFhoPReh7RTYTPW6l4v/eYPURM0gYzJJDZVktShKOTIxyh9HY6YoMXxuCSaK2VsRmWKFibHxVGwI/vrLm6R77foN9+ahUWvVizjKcAGXUAcfbqEF99CGDhCYwjO8wpsjnBfn3flYtZacYuYc/sD5/AHIoI1X</latexit>

0.0

<latexit sha1_base64="4eZckfWF6rLDOBGZk0kRMbMubOM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRahp7IrFT0WvHisaD+gXUo2nW1Ds9klyQpl6U/w4kERr/4ib/4b03YP2vog4fHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7fmDsoV+y9A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFqvOyIVVhiSMlX3SkIX6uyOjkdbTKLCVETVjverNxf+8XmrCGz/jMkkNSrYcFKaCmJjM7yZDrpAZMbWEMsXtroSNqaLM2HRKNgRv9eR10r6sefXa1X290qjmcRThDM6hCh5cQwPuoAktYDCCZ3iFN0c4L86787EsLTh5zyn8gfP5A0y+jRQ=</latexit>

1.46

<latexit sha1_base64="rff4ZhoSHAqccw9BsCAqVEtQNbw=">AAAB63icbVDLSsNAFL2pr1pfVZduBovQVUikPpYFNy4r2Ae0oUymk3bozCTMTIQS+gtuXCji1h9y5984abPQ1gMXDufcy733hAln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jkku82rofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46l67fcK8eGrVmvYijDGdwDnXw4QaacA8taAOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx/Lp41Z</latexit>

2.91

<latexit sha1_base64="/Kpt5cY5hGt+cBLAvGh7daNeQpc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSL0FJJSUW8FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737Wxsbm3v7Jb2yvsHh0fHlZPTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9C73u09UaRbLRzNLaCDwWLKIEWxyqe7e+sNK1XO9BdA68QtShQKtYeVrMIpJKqg0hGOt+76XmCDDyjDC6bw8SDVNMJniMe1bKrGgOsgWt87RpVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTE90EGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2xD8FdfXieduus33KuHRrVZK+IowTlcQA18uIYm3EML2kBgAs/wCm+OcF6cd+dj2brhFDNn8AfO5w/NM41a</latexit>

�36

<latexit sha1_base64="Cn0EZN7pMr3IP4RJnBxmuidgM+g=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBByMexqfBwDXjxGNA9IljA76U2GzM4uM7NCCPkELx4U8eoXefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD26nffEKleSwfzShBP6J9yUPOqLHSw9nFVbdQdMvuDGSZeBkpQoZat/DV6cUsjVAaJqjWbc9NjD+mynAmcJLvpBoTyoa0j21LJY1Q++PZqRNyapUeCWNlSxoyU39PjGmk9SgKbGdEzUAvelPxP6+dmvDGH3OZpAYlmy8KU0FMTKZ/kx5XyIwYWUKZ4vZWwgZUUWZsOnkbgrf48jJpnJe9SvnyvlKslrI4cnAMJ1ACD66hCndQgzow6MMzvMKbI5wX5935mLeuONnMEfyB8/kDWN2NHA==</latexit>

36

<latexit sha1_base64="rnsGCpft1tnldGSqoiKXt2gyRpA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoOQU9jV+DgGvHiMaB6QLGF2MpsMmZldZmaFsOQTvHhQxKtf5M2/cTbZgyYWNBRV3XR3BTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySj2YaU1/gkWQhI9hY6eHiqjQoV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NQZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIbP2UyTgyVZLEoTDgyEcr+RkOmKDF8agkmitlbERljhYmx6WQheMsvr5L2ec2r1y7v65VGNY+jCCdwClXw4BoacAdNaAGBETzDK7w53Hlx3p2PRWvByWeO4Q+czx8j4Iz5</latexit>

�25

<latexit sha1_base64="gsdJjyk7svbMjMYgrNGLffs1G3E=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahF8tuadFjwYvHCvYD2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZneZ33uiSrNIPpp5TH2BJ5KFjGCTSdf1ZmlUrrg1dwm0SbycVCBHe1T+Go4jkggqDeFY64HnxsZPsTKMcLooDRNNY0xmeEIHlkosqPbT5a0LdGWVMQojZUsatFR/T6RYaD0Xge0U2Ez1upeJ/3mDxIS3fspknBgqyWpRmHBkIpQ9jsZMUWL43BJMFLO3IjLFChNj48lC8NZf3iTdes1r1JoPjUqrmsdRhAu4hCp4cAMtuIc2dIDAFJ7hFd4c4bw4787HqrXg5DPn8AfO5w+KeI0u</latexit>

25

<latexit sha1_base64="/VmwvwNDpJ0NCpFuE2QNddVIN+0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvQU9ktLXosePFY0X5Au5Rsmm1Ds9klyQpl6U/w4kERr/4ib/4bs+0etPXBwOO9GWbm+bHg2jjONypsbe/s7hX3SweHR8cn5dOzro4SRVmHRiJSfZ9oJrhkHcONYP1YMRL6gvX82W3m956Y0jySj2YeMy8kE8kDTomx0kO9WRqVK07NWQJvEjcnFcjRHpW/huOIJiGThgqi9cB1YuOlRBlOBVuUholmMaEzMmEDSyUJmfbS5akLfGWVMQ4iZUsavFR/T6Qk1Hoe+rYzJGaq171M/M8bJCa48VIu48QwSVeLgkRgE+HsbzzmilEj5pYQqri9FdMpUYQam04Wgrv+8ibp1mtuo9a8b1Ra1TyOIlzAJVTBhWtowR20oQMUJvAMr/CGBHpB7+hj1VpA+cw5/AH6/AEg1Yz3</latexit>

x
(k
m
)

<latexit sha1_base64="AfkGBaMHxjjQ4sglxQm64MjdZH8=">AAAB+XicbVBNS8NAEN34WetX1KOXxSLUS0mkoseCF48V7Ac0oWy2m3bpbhJ2J6Ul9J948aCIV/+JN/+NmzYHbX0w8Hhvhpl5QSK4Bsf5tjY2t7Z3dkt75f2Dw6Nj++S0reNUUdaisYhVNyCaCR6xFnAQrJsoRmQgWCcY3+d+Z8KU5nH0BLOE+ZIMIx5ySsBIfdueYg97wKaQVcfyal7u2xWn5iyA14lbkAoq0OzbX94gpqlkEVBBtO65TgJ+RhRwKti87KWaJYSOyZD1DI2IZNrPFpfP8aVRBjiMlakI8EL9PZERqfVMBqZTEhjpVS8X//N6KYR3fsajJAUW0eWiMBUYYpzHgAdcMQpiZgihiptbMR0RRSiYsPIQ3NWX10n7uubWazeP9UqjWsRRQufoAlWRi25RAz2gJmohiiboGb2iNyuzXqx362PZumEVM2foD6zPHxybkpk=</latexit>

y (km)

<latexit sha1_base64="nNDPKYZ3SGM8s5Im/xKjk2VjzKo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkoiFT0WvHisYD+gCWWz3bZLN5uwOymG0H/ixYMiXv0n3vw3btoctPXBwOO9GWbmBbHgGhzn2yptbG5t75R3K3v7B4dH9vFJR0eJoqxNIxGpXkA0E1yyNnAQrBcrRsJAsG4wvcv97owpzSP5CGnM/JCMJR9xSsBIA9tOsYc9YE+Q1abh5bwysKtO3VkArxO3IFVUoDWwv7xhRJOQSaCCaN13nRj8jCjgVLB5xUs0iwmdkjHrGypJyLSfLS6f4wujDPEoUqYk4IX6eyIjodZpGJjOkMBEr3q5+J/XT2B062dcxgkwSZeLRonAEOE8BjzkilEQqSGEKm5uxXRCFKFgwspDcFdfXiedq7rbqF8/NKrNWhFHGZ2hc1RDLrpBTXSPWqiNKJqhZ/SK3qzMerHerY9la8kqZk7RH1ifPx4ukpo=</latexit>

Mean Solution uz (m)

<latexit sha1_base64="wlH2d/f0zPO2yH0aWEPKbax2wIo=">AAACEXicbVA9SwNBEN2L3/Hr1NJmMQixCXcS0VKwsREimg9IQtjbTHTJ3t6xOyfGI3/Bxr9iY6GIrZ2d/8a9JIUmPpjh8d4Mu/OCWAqDnvft5ObmFxaXllfyq2vrG5vu1nbNRInmUOWRjHQjYAakUFBFgRIasQYWBhLqQf8s8+t3oI2I1DUOYmiH7EaJnuAMrdRxiy2Ee0wvgCl6FckkU4e0RZPOg+1jsxgeDPMdt+CVvBHoLPEnpEAmqHTcr1Y34kkICrlkxjR9L8Z2yjQKLmGYbyUGYsb77AaalioWgmmno4uGdN8qXdqLtC2FdKT+3khZaMwgDOxkyPDWTHuZ+J/XTLB30k6FihMExccP9RJJMaJZPLQrNHCUA0sY18L+lfJbphlHG2IWgj998iypHZb8cunoslw4LU7iWCa7ZI8UiU+OySk5JxVSJZw8kmfySt6cJ+fFeXc+xqM5Z7KzQ/7A+fwBbFqcpw==</latexit>

Standard Dev. uz (m)

<latexit sha1_base64="Aod2Rpj6OPO1RsT3sfnjQ6ekqN8=">AAACEXicbVA9T8MwEHX4LOUrwMhiUSGVpUpQEYxIMDAWQQGpjSLHuRYLx4nsC6JE/Qss/BUWBhBiZWPj3+B+DFB40p2e3ruTfS/KpDDoeV/O1PTM7Nx8aaG8uLS8suqurV+YNNccmjyVqb6KmAEpFDRRoISrTANLIgmX0c3RwL+8BW1Eqs6xl0GQsK4SHcEZWil0q22EOyzOkKmY6Zgew22tT9s0D+9tH5nVZKdfDt2KV/OGoH+JPyYVMkYjdD/bccrzBBRyyYxp+V6GQcE0Ci6hX27nBjLGb1gXWpYqloAJiuFFfbptlZh2Um1LIR2qPzcKlhjTSyI7mTC8NpPeQPzPa+XYOQgKobIcQfHRQ51cUkzpIB4aCw0cZc8SxrWwf6X8mmnG0YY4CMGfPPkvudit+fXa3mm9clgdx1Eim2SLVIlP9skhOSEN0iScPJAn8kJenUfn2Xlz3kejU854Z4P8gvPxDdRfnEc=</latexit>

Full Variation uz (m)

<latexit sha1_base64="3KFeDDnOl76jnNjBzKZobDpwFrI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoN2VGKrosCOKygn1AW4ZMmmlDk5khuSPWod/gxl9x40IRt67c+Tem7Sy09cC9HM65l+QePxZcg+N8W7mV1bX1jfxmYWt7Z3fP3j9o6ihRlDVoJCLV9olmgoesARwEa8eKEekL1vJHl1O/dceU5lF4C+OY9SQZhDzglICRPLvcBXYP6VUiBG4SxWfyBHdx4j2YPndLsjwpeHbRqTgz4GXiZqSIMtQ9+6vbj2giWQhUEK07rhNDLyUKOBVsUugmmsWEjsiAdQwNiWS6l85OmuATo/RxEClTIeCZ+nsjJVLrsfTNpCQw1IveVPzP6yQQXPRSHsYJsJDOHwoSgSHC03xwnytGQYwNIVRx81dMh0QRCibFaQju4snLpHlacauVs5tqsVbK4sijI3SMSshF56iGrlEdNRBFj+gZvaI368l6sd6tj/lozsp2DtEfWJ8/NhidEw==</latexit>

�8.0

<latexit sha1_base64="QGghDCPSLmjHM40NL9f520pnT4s=">AAAB63icbVBNS8NAEJ34WetX1aOXxSL0YkikYo8FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737Wxsbm3v7Jb2yvsHh0fHlZPTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9C73u09UaRbLRzNLaCDwWLKIEWxy6arhesNK1XO9BdA68QtShQKtYeVrMIpJKqg0hGOt+76XmCDDyjDC6bw8SDVNMJniMe1bKrGgOsgWt87RpVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTEzWCjMkkNVSS5aIo5cjEKH8cjZiixPCZJZgoZm9FZIIVJsbGU7Yh+Ksvr5POtevX3ZuHerVZK+IowTlcQA18uIUm3EML2kBgAs/wCm+OcF6cd+dj2brhFDNn8AfO5w/CkY1T</latexit>

8.0

<latexit sha1_base64="WStwet0XPkF362Y2IOfp4iRWvuE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIxR4LXjxWtLXQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJR8epYthmsYhVN6AaBZfYNtwI7CYKaRQIfAwmN3P/8QmV5rF8MNME/YiOJA85o8ZK942aOyhX3Jq7AFknXk4qkKM1KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOiMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhA0/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK5rHn12tVdvdKs5nEU4QzOoQoeXEMTbqEFbWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QNY7o0c</latexit>

0.0

<latexit sha1_base64="4eZckfWF6rLDOBGZk0kRMbMubOM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRahp7IrFT0WvHisaD+gXUo2nW1Ds9klyQpl6U/w4kERr/4ib/4b03YP2vog4fHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7fmDsoV+y9A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFqvOyIVVhiSMlX3SkIX6uyOjkdbTKLCVETVjverNxf+8XmrCGz/jMkkNSrYcFKaCmJjM7yZDrpAZMbWEMsXtroSNqaLM2HRKNgRv9eR10r6sefXa1X290qjmcRThDM6hCh5cQwPuoAktYDCCZ3iFN0c4L86787EsLTh5zyn8gfP5A0y+jRQ=</latexit>

0.0

<latexit sha1_base64="4eZckfWF6rLDOBGZk0kRMbMubOM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRahp7IrFT0WvHisaD+gXUo2nW1Ds9klyQpl6U/w4kERr/4ib/4b03YP2vog4fHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7fmDsoV+y9A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFqvOyIVVhiSMlX3SkIX6uyOjkdbTKLCVETVjverNxf+8XmrCGz/jMkkNSrYcFKaCmJjM7yZDrpAZMbWEMsXtroSNqaLM2HRKNgRv9eR10r6sefXa1X290qjmcRThDM6hCh5cQwPuoAktYDCCZ3iFN0c4L86787EsLTh5zyn8gfP5A0y+jRQ=</latexit>

0.4

<latexit sha1_base64="+F2brvC1aPqtaNdJCNwKtReFexQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1Fjpwa3VB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8MbPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnVfrzSqeRxFOINzqIIH19CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBSzo0Y</latexit>

0.81

<latexit sha1_base64="PBlNVvIJOoL/CJmUVpOia8bjAXM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahp5BIxR4LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2yltbe/s7pX3KweHR8cn1dOzro5TRWiHxDxW/RBrypmkHcMMp/1EUSxCTnvh7C73e09UaRbLRzNPaCDwRLKIEWxyyXOb/qha81xvCbRJ/ILUoEB7VP0ajmOSCioN4Vjrge8lJsiwMoxwuqgMU00TTGZ4QgeWSiyoDrLlrQt0ZZUximJlSxq0VH9PZFhoPReh7RTYTPW6l4v/eYPURM0gYzJJDZVktShKOTIxyh9HY6YoMXxuCSaK2VsRmWKFibHxVGwI/vrLm6R77foN9+ahUWvVizjKcAGXUAcfbqEF99CGDhCYwjO8wpsjnBfn3flYtZacYuYc/sD5/AHIoI1X</latexit>

0.0

<latexit sha1_base64="4eZckfWF6rLDOBGZk0kRMbMubOM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRahp7IrFT0WvHisaD+gXUo2nW1Ds9klyQpl6U/w4kERr/4ib/4b03YP2vog4fHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlB7fmDsoV+y9A1omXkwrkaA7KX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFqvOyIVVhiSMlX3SkIX6uyOjkdbTKLCVETVjverNxf+8XmrCGz/jMkkNSrYcFKaCmJjM7yZDrpAZMbWEMsXtroSNqaLM2HRKNgRv9eR10r6sefXa1X290qjmcRThDM6hCh5cQwPuoAktYDCCZ3iFN0c4L86787EsLTh5zyn8gfP5A0y+jRQ=</latexit>

1.46

<latexit sha1_base64="rff4ZhoSHAqccw9BsCAqVEtQNbw=">AAAB63icbVDLSsNAFL2pr1pfVZduBovQVUikPpYFNy4r2Ae0oUymk3bozCTMTIQS+gtuXCji1h9y5984abPQ1gMXDufcy733hAln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9jkku82rofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroNMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K++vE46l67fcK8eGrVmvYijDGdwDnXw4QaacA8taAOBCTzDK7w5wnlx3p2PZWvJKWZO4Q+czx/Lp41Z</latexit>

2.91

<latexit sha1_base64="/Kpt5cY5hGt+cBLAvGh7daNeQpc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSL0FJJSUW8FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNp737Wxsbm3v7Jb2yvsHh0fHlZPTjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh9C73u09UaRbLRzNLaCDwWLKIEWxyqe7e+sNK1XO9BdA68QtShQKtYeVrMIpJKqg0hGOt+76XmCDDyjDC6bw8SDVNMJniMe1bKrGgOsgWt87RpVVGKIqVLWnQQv09kWGh9UyEtlNgM9GrXi7+5/VTE90EGZNJaqgky0VRypGJUf44GjFFieEzSzBRzN6KyAQrTIyNp2xD8FdfXieduus33KuHRrVZK+IowTlcQA18uIYm3EML2kBgAs/wCm+OcF6cd+dj2brhFDNn8AfO5w/NM41a</latexit>

(a)

<latexit sha1_base64="gQ/9ZsmiyOk9cDoZDefNtH16fUM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPppxgn5EB5KHnFFjpYcyPe8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3VKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+xMuk9SgZItFYSqIicnsb9LnCpkRY0soU9zeStiQKsqMTadgQ/CWX14lzYuKV61c3ldLtZssjjycwCmUwYMrqMEd1KEBDAbwDK/w5gjnxXl3PhatOSebOYY/cD5/AIl1jUw=</latexit>

(b)

<latexit sha1_base64="OhRvE/0S/SDH9Ja4BidutS+zkTU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPppxgn5EB5KHnFFjpYdycN4rltyKOwdZJV5GSpCh3it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuqUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ36TPFTIjxpZQpri9lbAhVZQZm07BhuAtv7xKmhcVr1q5vK+WajdZHHk4gVMogwdXUIM7qEMDGAzgGV7hzRHOi/PufCxac042cwx/4Hz+AIr6jU0=</latexit>

(c)

<latexit sha1_base64="o39JVsC3ny7yl9U0QTyqnNcWmaA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3AnES0sAjaWEc0HJEfY28wlS/b2jt09IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRrczv/WESvNYPppxgn5EB5KHnFFjpYcyO+8VS27FnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3VKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+xMuk9SgZItFYSqIicnsb9LnCpkRY0soU9zeStiQKsqMTadgQ/CWX14lzYuKV61c3ldLtZssjjycwCmUwYMrqMEd1KEBDAbwDK/w5gjnxXl3PhatOSebOYY/cD5/AIx/jU4=</latexit>

Figure 8. (a) Mean field, (b) standard 
deviation, and (c) maximum variability 
as fault dip varies, for vertical ground 
displacement 𝑢% at simulation time 
𝑡 = 8 seconds.

• Natural faults have complex, non-planar geometries with rough surfaces. 
• Fault geometries are challenging to constrain observationally, even if surface 

rupture expressions are observed.
• Earthquake dynamic rupture simulations rely on meshes that exactly conform to 

fault geometries. 
• Assumed fault geometries in models should incorporate uncertainty. 
• Quantifying model sensitivity to geometric variability remains challenging because:

I. The process of geometry model and mesh generation is time-consuming and 
often non-automated. 

II. The parameter space to be explored is high-dimensional. 
III. Dynamic rupture simulations may be computationally expensive. 

We present a mesh morphing approach that applies geometric variations to a 
reference mesh while preserving mesh connectivity, enabling reduced order 
modeling and sensitivity analysis with respect to varying fault geometry. 

• Mesh morphing takes a mesh 𝑿' representing a geometry 𝒢( and deforms (morphs) 
the mesh into a new configuration <𝑿' representing a new geometry 𝒢) [1]. 

• Displacements are prescribed for certain points and used to build a radial basis 
function (RBF) interpolant.

• The interpolant is evaluated at all mesh vertices, and the resulting displacements 
relocate the vertices to new positions.

Mesh Morphing Steps
1. Define a geometric parameter, 

𝒒 = 𝜃 	with reference value 𝜃(. 
2. Assign boundaries or surfaces 

to have zero displacement (Γ*) 
or non-zero displacement (Γ+). 

3. Define points 𝐗,!"# on the 
reference geometry boundaries.

4. Define points 𝐗,$"%  on 
boundaries of target geometries 
with 𝒒-./ = 𝜃), 𝜃0…𝜃1.

5. Compute displacement 𝑫 
between 𝐗,!"# and 𝐗,$"% . 

6. Define an RBF interpolant 
𝐹234 	(𝒒-./, 𝑫) with weights 𝑤	4. 

7. Evaluate 𝐹234 at the desired 
𝜃.678 value to obtain 
displacements 𝑫9. 

8. Define a second interpolant 
𝐺234 	(𝐗,!"# , 𝑫) with weights 𝑤	: .

9. Evaluate 𝐺234 at the reference 
mesh vertices 𝑿' to get 
displacements 𝑫'.

10.Add displacements to obtain 
morphed mesh, <𝑿' = 𝑿' + 𝑫'. 

11.Check mesh validity and quality. 

(a)

<latexit sha1_base64="FP+6AWmeUBaEPNJx0K3ETjt4WOQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXIoqngBePEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeijT816x5FbcOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeG1P+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSvKh41crlfbVUu8niyMMJnEIZPLiCGtxBHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHiNuNSg==</latexit>

(b)

<latexit sha1_base64="QvwmGbksh4Wwd0jo7ugNMgw7nKs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXIoqngBePEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeigH571iya24c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVHxqpXL+2qpdpPFkYcTOIUyeHAFNbiDOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucPimCNSw==</latexit>

(c)

<latexit sha1_base64="2EWZhsLwxiU/trEYgtB66WoiOCE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXIoqngBePEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeiiz816x5FbcOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeG1P+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSvKh41crlfbVUu8niyMMJnEIZPLiCGtxBHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHi+WNTA==</latexit>

(d)

<latexit sha1_base64="G2l0NwFYHOxL4r1my2xGDLye6b8=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXKoqnghePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnqoBueDcsWpOXPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCay/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1Rc+u1y/t6pXGTx1GEEziFKrhwBQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/jWqNTQ==</latexit>

✓2

<latexit sha1_base64="kNhVM638/XHTUpj/C/DkhIYm6vQ=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFZLYaroruHFZwT6gCWUynbRDJw9mboQS+htuXCji1p9x5984bSOo6LlcOJxzL3PnBKngCizrwyitrW9sbpW3Kzu7e/sH1cOjrkoySVmHJiKR/YAoJnjMOsBBsH4qGYkCwXrB9Hrh9+6ZVDyJ72CWMj8i45iHnBLQkudhXTBhQIbOsFqzTNexmlYTW6a1hCa261w2LrBdKDVUoD2svnujhGYRi4EKotTAtlLwcyKBU8HmFS9TLCV0SsZsoGlMIqb8fHnzHJ9pZYTDROqOAS/V7xs5iZSaRYGejAhM1G9vIf7lDTIIXT/ncZoBi+nqoTATGBK8CACPuGQUxEwTQiXXt2I6IZJQ0DFVdAhfP8X/k65j2nWzcVuvtdwijjI6QafoHNnoCrXQDWqjDqIoRQ/oCT0bmfFovBivq9GSUewcox8w3j4BMJuRIA==</latexit>

✓1

<latexit sha1_base64="esRBVcrkxnammd+g02n9svKPvLM=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GmamT3cFNy4r2Ad0hpJJ0zY0kxmSO0IZ+htuXCji1p9x59+YPgQVPZcLh3PuJTcnTATX4DgfVm5jc2t7J79b2Ns/ODwqHp90dJwqyto0FrHqhUQzwSVrAwfBeoliJAoF64bT64XfvWdK81jewSxhQUTGko84JWAk38emYMKADNxBseTYTr3mVTzs2DWvXHOqhlx55YbnYdd2liihNVqD4rs/jGkaMQlUEK37rpNAkBEFnAo2L/ipZgmhUzJmfUMliZgOsuXNc3xhlCEexcq0BLxUv29kJNJ6FoVmMiIw0b+9hfiX109h1AgyLpMUmKSrh0apwBDjRQB4yBWjIGaGEKq4uRXTCVGEgompYEL4+in+n3Q8263Y1dtKqdlYx5FHZ+gcXSIX1VET3aAWaiOKEvSAntCzlVqP1ov1uhrNWeudU/QD1tsnRhKRLw==</latexit>

: Xqref 2 �a

<latexit sha1_base64="7gZ2lhSVBGWfB3DBaptHK+YYBA8="></latexit>

: Xqref 2 �0

<latexit sha1_base64="JrrLG9QMxRfe3QE3C+4P5InmkyM="></latexit>

: D

<latexit sha1_base64="iwRYxOq9EFQdKP07H3vTio6eF1Q=">AAAB+HicdVBLSwMxGMzWV62Prnr0EiyCp2V3+9RTQQ8eK9gHtEvJZrNtaDa7JFmhlv4SLx4U8epP8ea/MdtWUNGBkGHm+8hk/IRRqWz7w8itrW9sbuW3Czu7e/tF8+CwI+NUYNLGMYtFz0eSMMpJW1HFSC8RBEU+I11/cpn53TsiJI35rZomxIvQiNOQYqS0NDSLF3DgxyyQ00hf8GpolmzLrtfcigttq+aWa3ZVk3O33HBd6Fj2AiWwQmtovg+CGKcR4QozJGXfsRPlzZBQFDMyLwxSSRKEJ2hE+ppyFBHpzRbB5/BUKwEMY6EPV3Chft+YoUhmyfRkhNRY/vYy8S+vn6qw4c0oT1JFOF4+FKYMqhhmLcCACoIVm2qCsKA6K8RjJBBWuquCLuHrp/B/0nEtp2JVbyqlZmNVRx4cgxNwBhxQB01wDVqgDTBIwQN4As/GvfFovBivy9Gcsdo5Aj9gvH0CRHyS1Q==</latexit>

: XM

<latexit sha1_base64="7gFzWYzUYCMR+NPJC7tiXtxi3fU=">AAAB+nicdVBLSwMxGMzWV62vrR69BIvgadkt3XbrqeDFi1DBPqBdlmw224ZmHyRZpdT+FC8eFPHqL/HmvzHbVlDRgZBh5vvIZPyUUSFN80MrrK1vbG4Vt0s7u3v7B3r5sCuSjGPSwQlLeN9HgjAak46kkpF+ygmKfEZ6/uQi93u3hAuaxDdymhI3QqOYhhQjqSRPL5/DoZ+wQEwjdcG+d+XpFdOoN62GY0JFnHq1buekaTt2E1qGuUAFrND29PdhkOAsIrHEDAkxsMxUujPEJcWMzEvDTJAU4QkakYGiMYqIcGeL6HN4qpQAhglXJ5ZwoX7fmKFI5NnUZITkWPz2cvEvb5DJ0HFnNE4zSWK8fCjMGJQJzHuAAeUESzZVBGFOVVaIx4gjLFVbJVXC10/h/6RbNayaYV/XKi1nVUcRHIMTcAYs0AAtcAnaoAMwuAMP4Ak8a/fao/aivS5HC9pq5wj8gPb2CfJIk84=</latexit>

: DM

<latexit sha1_base64="Pb/ch4kK5yCcDTfL6DzCSJUG+0s=">AAAB+nicdVBLSwMxGMzWV62vrR69BIvgadmtrW49FfTgRahgH9AuSzabbUOzD5KsUtb+FC8eFPHqL/HmvzHbVlDRgZBh5vvIZLyEUSFN80MrLC2vrK4V10sbm1vbO3p5tyPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vg897u3hAsaRzdykhAnRMOIBhQjqSRXL5/BgRczX0xCdcEL98rVK6ZhV82G2YCmYc6giGVXT+rH0FooFbBAy9XfB36M05BEEjMkRN8yE+lkiEuKGZmWBqkgCcJjNCR9RSMUEuFks+hTeKgUHwYxVyeScKZ+38hQKPJsajJEciR+e7n4l9dPZWA7GY2SVJIIzx8KUgZlDPMeoE85wZJNFEGYU5UV4hHiCEvVVkmV8PVT+D/pVA2rZtSva5WmvaijCPbBATgCFjgFTXAJWqANMLgDD+AJPGv32qP2or3ORwvaYmcP/ID29gmHgZOF</latexit>

: X̂M = XM +D

<latexit sha1_base64="460yD/cqv9jUCPK+FQsaW521bgk="></latexit>

: Xqnew
2 �a

<latexit sha1_base64="8u9GpqKrMKGV4tXGFVuND08TGhA="></latexit>

: Xqnew
2 �0

<latexit sha1_base64="duSqYZGM3w+5AFsCbFV3pWphp7U="></latexit>

• The mesh topology (including mesh connectivity) does not change.

x

<latexit sha1_base64="EWFlxwRO5ViWTa18VwG8eZfwB5w=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo8kXjxCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCplr1q+alRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOQBjPQ=</latexit>

y

<latexit sha1_base64="krJKJ2BDEvPL1Ckn6+oKpJ5z0/A=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7GyGU/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHkyXoR3QkecgZNVZqZoNS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3Mf6UKsOZwFmxn2pMKJvQEfYslTRC7U8Xh87IpVWGJIyVLWnIQv09MaWR1lkU2M6ImrFe9ebif14vNeGtP+UySQ1KtlwUpoKYmMy/JkOukBmRWUKZ4vZWwsZUUWZsNkUbgrf68jppVyterXLdrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwB5YWM9Q==</latexit>

z

<latexit sha1_base64="wHridXIi+70bsx7rNmtMstjoUxI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo8kXjxCIo8ENmR2aGBkdnYzM2uCG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCplr1q+alRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOcJjPY=</latexit>

SA

<latexit sha1_base64="+mZjXTdlc6/uEuyYyFEyUZ8l8z4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klGD1ivHjEKEgCG9ItXWhou2vbJSEbfocXDxrj1R/jzX9jF/ag4CRNJjPv5U0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxq6yhRhLZIxCPVCbCmnEnaMsxw2okVxSLg9DEY32T+44QqzSL5YKYx9QUeShYygo2V/J7AZkQwT+9n/et+ueJW3TnQKvFyUoEczX75qzeISCKoNIRjrbueGxs/xcowwums1Es0jTEZ4yHtWiqxoNpP56Fn6MwqAxRGyj5p0Fz9vZFiofVUBHYyC6mXvUz8z+smJrzyUybjxFBJFofChCMToawBNGCKEsOnlmCimM2KyAgrTIztqWRL8Ja/vEratapXr17c1SuNWl5HEU7gFM7Bg0towC00oQUEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDz1KSFQ==</latexit>

SF

<latexit sha1_base64="j6gI8pN3M0djkwEbTSWLWVvyqZE=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7JbKnosCOKxoq2FdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3Zts9aOtAYJh5jzeZIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UJ8CaciZpyzDDaSdWFIuA08dgfJ35jxOqNIvkg5nG1Bd4KFnICDZW8nsCmxHBPL2f9W/65YpbdedAq8TLSQVyNPvlr94gIomg0hCOte56bmz8FCvDCKezUi/RNMZkjIe0a6nEgmo/nYeeoTOrDFAYKfukQXP190aKhdZTEdjJLKRe9jLxP6+bmPDKT5mME0MlWRwKE45MhLIG0IApSgyfWoKJYjYrIiOsMDG2p5ItwVv+8ipp16pevXpxV680ankdRTiBUzgHDy6hAbfQhBYQeIJneIU3Z+K8OO/Ox2K04OQ7x/AHzucP1uaSGg==</latexit>

SG

<latexit sha1_base64="nu1tMGzaBuwXs1vznuUeAwB8gcw=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klGD2SeNAjRkES2JBu6UJD213bLgnZ8Du8eNAYr/4Yb/4bu7AHBSdpMpl5L286QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pToA15UzSlmGG006sKBYBp4/B+DrzHydUaRbJBzONqS/wULKQEWys5PcENiOCeXo/69/0yxW36s6BVomXkwrkaPbLX71BRBJBpSEca9313Nj4KVaGEU5npV6iaYzJGA9p11KJBdV+Og89Q2dWGaAwUvZJg+bq740UC62nIrCTWUi97GXif143MeGVnzIZJ4ZKsjgUJhyZCGUNoAFTlBg+tQQTxWxWREZYYWJsTyVbgrf85VXSrlW9evXirl5p1PI6inACp3AOHlxCA26hCS0g8ATP8ApvzsR5cd6dj8Vowcl3juEPnM8f2GqSGw==</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

✓

<latexit sha1_base64="KC1t7OoiAx2ryKmdnoyMbf64oeo=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4GnpCxom3gBePEcwCyRB6Oj1Jm56F7hohDPkHLx4U8er/ePNv7CyCij4oeLxXRVW9IJVCAyEfVmFtfWNzq7hd2tnd2z8oHx61dZIpxlsskYnqBlRzKWLeAgGSd1PFaRRI3gkmV3O/c8+VFkl8C9OU+xEdxSIUjIKR2n0Yc6CDcoXYrku8Sw8Tm1zUq45riEtqdc/Fjk0WqKAVmoPye3+YsCziMTBJte45JAU/pwoEk3xW6meap5RN6Ij3DI1pxLWfL66d4TOjDHGYKFMx4IX6fSKnkdbTKDCdEYWx/u3Nxb+8XgZh3c9FnGbAY7ZcFGYSQ4Lnr+OhUJyBnBpCmRLmVszGVFEGJqCSCeHrU/w/aVdtp2a7N7VKo7qKo4hO0Ck6Rw7yUANdoyZqIYbu0AN6Qs9WYj1aL9brsrVgrWaO0Q9Yb58bZ490</latexit>

(a)

<latexit sha1_base64="TN/GsS6bZ5N3uF6ARD6LNYDqtQc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXIuYY8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8NNMY/ZCOJB9yRo2VHsr0sl8suRV3AbJOvIyUIEOjX/zqDSKWhCgNE1TrrufGxk+pMpwJnBV6icaYsgkdYddSSUPUfro4dUYurDIgw0jZkoYs1N8TKQ21noaB7QypGetVby7+53UTM6z5KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietq4pXrVzfV0v1WhZHHs7gHMrgwQ3U4Q4a0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz+IQY1I</latexit>

!"°
$"°%"° &"° '"°

(b)

<latexit sha1_base64="r29cNb2FTb8WI6mI2tULdg4DYbY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXIuYY8OIxonlAsoTZySQZMju7zPQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ltbG5t7+R3C3v7B4dHxeOTlokSzXiTRTLSnYAaLoXiTRQoeSfWnIaB5O1gcjv3209cGxGpR5zG3A/pSImhYBSt9FAOLvvFkltxFyDrxMtICTI0+sWv3iBiScgVMkmN6XpujH5KNQom+azQSwyPKZvQEe9aqmjIjZ8uTp2RC6sMyDDSthSShfp7IqWhMdMwsJ0hxbFZ9ebif143wWHNT4WKE+SKLRcNE0kwIvO/yUBozlBOLaFMC3srYWOqKUObTsGG4K2+vE5aVxWvWrm+r5bqtSyOPJzBOZTBgxuowx00oAkMRvAMr/DmSOfFeXc+lq05J5s5hT9wPn8AicaNSQ==</latexit>

𝒮&	: outer surfaces
𝒮'  : fault plane
𝒮( 	: nucleation patch
𝜃 : fault dip

x

<latexit sha1_base64="EWFlxwRO5ViWTa18VwG8eZfwB5w=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo8kXjxCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCplr1q+alRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOQBjPQ=</latexit>

y

<latexit sha1_base64="krJKJ2BDEvPL1Ckn6+oKpJ5z0/A=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7GyGU/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHkyXoR3QkecgZNVZqZoNS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3Mf6UKsOZwFmxn2pMKJvQEfYslTRC7U8Xh87IpVWGJIyVLWnIQv09MaWR1lkU2M6ImrFe9ebif14vNeGtP+UySQ1KtlwUpoKYmMy/JkOukBmRWUKZ4vZWwsZUUWZsNkUbgrf68jppVyterXLdrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwB5YWM9Q==</latexit>

z

<latexit sha1_base64="wHridXIi+70bsx7rNmtMstjoUxI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo8kXjxCIo8ENmR2aGBkdnYzM2uCG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCplr1q+alRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOcJjPY=</latexit>

SA

<latexit sha1_base64="+mZjXTdlc6/uEuyYyFEyUZ8l8z4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klGD1ivHjEKEgCG9ItXWhou2vbJSEbfocXDxrj1R/jzX9jF/ag4CRNJjPv5U0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxq6yhRhLZIxCPVCbCmnEnaMsxw2okVxSLg9DEY32T+44QqzSL5YKYx9QUeShYygo2V/J7AZkQwT+9n/et+ueJW3TnQKvFyUoEczX75qzeISCKoNIRjrbueGxs/xcowwums1Es0jTEZ4yHtWiqxoNpP56Fn6MwqAxRGyj5p0Fz9vZFiofVUBHYyC6mXvUz8z+smJrzyUybjxFBJFofChCMToawBNGCKEsOnlmCimM2KyAgrTIztqWRL8Ja/vEratapXr17c1SuNWl5HEU7gFM7Bg0towC00oQUEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDz1KSFQ==</latexit>

SF

<latexit sha1_base64="j6gI8pN3M0djkwEbTSWLWVvyqZE=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7JbKnosCOKxoq2FdinZNNuGJtk1yRbK0t/hxYMiXv0x3vw3Zts9aOtAYJh5jzeZIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UJ8CaciZpyzDDaSdWFIuA08dgfJ35jxOqNIvkg5nG1Bd4KFnICDZW8nsCmxHBPL2f9W/65YpbdedAq8TLSQVyNPvlr94gIomg0hCOte56bmz8FCvDCKezUi/RNMZkjIe0a6nEgmo/nYeeoTOrDFAYKfukQXP190aKhdZTEdjJLKRe9jLxP6+bmPDKT5mME0MlWRwKE45MhLIG0IApSgyfWoKJYjYrIiOsMDG2p5ItwVv+8ipp16pevXpxV680ankdRTiBUzgHDy6hAbfQhBYQeIJneIU3Z+K8OO/Ox2K04OQ7x/AHzucP1uaSGg==</latexit>

SG

<latexit sha1_base64="nu1tMGzaBuwXs1vznuUeAwB8gcw=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klGD2SeNAjRkES2JBu6UJD213bLgnZ8Du8eNAYr/4Yb/4bu7AHBSdpMpl5L286QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pToA15UzSlmGG006sKBYBp4/B+DrzHydUaRbJBzONqS/wULKQEWys5PcENiOCeXo/69/0yxW36s6BVomXkwrkaPbLX71BRBJBpSEca9313Nj4KVaGEU5npV6iaYzJGA9p11KJBdV+Og89Q2dWGaAwUvZJg+bq740UC62nIrCTWUi97GXif143MeGVnzIZJ4ZKsjgUJhyZCGUNoAFTlBg+tQQTxWxWREZYYWJsTyVbgrf85VXSrlW9evXirl5p1PI6inACp3AOHlxCA26hCS0g8ATP8ApvzsR5cd6dj8Vowcl3juEPnM8f2GqSGw==</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

.

<latexit sha1_base64="0+KQHywJeu8eQ6bKSqB7Aov4D0o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoseCF0/Sgq2FNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0flA+PWjrJFMMmS0Si2iHVKLjEpuFGYDtVSONQ4EM4upn5D0+oNE/kvRmnGMR0IHnEGTVWari9csVzvTnIKvFzUoEc9V75q9tPWBajNExQrTu+l5pgQpXhTOC01M00ppSN6AA7lkoaow4m80On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMviZ9rpAZMbaEMsXtrYQNqaLM2GxKNgR/+eVV0rpw/ap72ahWand5HEU4gVM4Bx+uoAa3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AXxFjMY=</latexit>

✓

<latexit sha1_base64="KC1t7OoiAx2ryKmdnoyMbf64oeo=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4GnpCxom3gBePEcwCyRB6Oj1Jm56F7hohDPkHLx4U8er/ePNv7CyCij4oeLxXRVW9IJVCAyEfVmFtfWNzq7hd2tnd2z8oHx61dZIpxlsskYnqBlRzKWLeAgGSd1PFaRRI3gkmV3O/c8+VFkl8C9OU+xEdxSIUjIKR2n0Yc6CDcoXYrku8Sw8Tm1zUq45riEtqdc/Fjk0WqKAVmoPye3+YsCziMTBJte45JAU/pwoEk3xW6meap5RN6Ij3DI1pxLWfL66d4TOjDHGYKFMx4IX6fSKnkdbTKDCdEYWx/u3Nxb+8XgZh3c9FnGbAY7ZcFGYSQ4Lnr+OhUJyBnBpCmRLmVszGVFEGJqCSCeHrU/w/aVdtp2a7N7VKo7qKo4hO0Ck6Rw7yUANdoyZqIYbu0AN6Qs9WYj1aL9brsrVgrWaO0Q9Yb58bZ490</latexit>

(a)

<latexit sha1_base64="TN/GsS6bZ5N3uF6ARD6LNYDqtQc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXIuYY8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8NNMY/ZCOJB9yRo2VHsr0sl8suRV3AbJOvIyUIEOjX/zqDSKWhCgNE1TrrufGxk+pMpwJnBV6icaYsgkdYddSSUPUfro4dUYurDIgw0jZkoYs1N8TKQ21noaB7QypGetVby7+53UTM6z5KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietq4pXrVzfV0v1WhZHHs7gHMrgwQ3U4Q4a0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz+IQY1I</latexit>

!"°
$"°%"° &"° '"°

(b)

<latexit sha1_base64="r29cNb2FTb8WI6mI2tULdg4DYbY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXIuYY8OIxonlAsoTZySQZMju7zPQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ltbG5t7+R3C3v7B4dHxeOTlokSzXiTRTLSnYAaLoXiTRQoeSfWnIaB5O1gcjv3209cGxGpR5zG3A/pSImhYBSt9FAOLvvFkltxFyDrxMtICTI0+sWv3iBiScgVMkmN6XpujH5KNQom+azQSwyPKZvQEe9aqmjIjZ8uTp2RC6sMyDDSthSShfp7IqWhMdMwsJ0hxbFZ9ebif143wWHNT4WKE+SKLRcNE0kwIvO/yUBozlBOLaFMC3srYWOqKUObTsGG4K2+vE5aVxWvWrm+r5bqtSyOPJzBOZTBgxuowx00oAkMRvAMr/DmSOfFeXc+lq05J5s5hT9wPn8AicaNSQ==</latexit>

x

<latexit sha1_base64="EWFlxwRO5ViWTa18VwG8eZfwB5w=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo8kXjxCIo8ENmR2aGBkdnYzM2skG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCplr1q+alRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOQBjPQ=</latexit>

y

<latexit sha1_base64="krJKJ2BDEvPL1Ckn6+oKpJ5z0/A=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7GyGU/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHkyXoR3QkecgZNVZqZoNS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3Mf6UKsOZwFmxn2pMKJvQEfYslTRC7U8Xh87IpVWGJIyVLWnIQv09MaWR1lkU2M6ImrFe9ebif14vNeGtP+UySQ1KtlwUpoKYmMy/JkOukBmRWUKZ4vZWwsZUUWZsNkUbgrf68jppVyterXLdrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwB5YWM9Q==</latexit>

z

<latexit sha1_base64="wHridXIi+70bsx7rNmtMstjoUxI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo8kXjxCIo8ENmR2aGBkdnYzM2uCG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkSleSTvzTRGP6QjyYecUWOlxlO/WHLL7gJknXgZKUGGer/41RtELAlRGiao1l3PjY2fUmU4Ezgr9BKNMWUTOsKupZKGqP10ceiMXFhlQIaRsiUNWai/J1Iaaj0NA9sZUjPWq95c/M/rJmZ446dcxolByZaLhokgJiLzr8mAK2RGTC2hTHF7K2FjqigzNpuCDcFbfXmdtCplr1q+alRLtUoWRx7O4BwuwYNrqMEd1KEJDBCe4RXenAfnxXl3PpatOSebOYU/cD5/AOcJjPY=</latexit>

SA

<latexit sha1_base64="+mZjXTdlc6/uEuyYyFEyUZ8l8z4=">AAAB9HicbVBNTwIxFHyLX4hfqEcvjcTEE9klGD1ivHjEKEgCG9ItXWhou2vbJSEbfocXDxrj1R/jzX9jF/ag4CRNJjPv5U0niDnTxnW/ncLa+sbmVnG7tLO7t39QPjxq6yhRhLZIxCPVCbCmnEnaMsxw2okVxSLg9DEY32T+44QqzSL5YKYx9QUeShYygo2V/J7AZkQwT+9n/et+ueJW3TnQKvFyUoEczX75qzeISCKoNIRjrbueGxs/xcowwums1Es0jTEZ4yHtWiqxoNpP56Fn6MwqAxRGyj5p0Fz9vZFiofVUBHYyC6mXvUz8z+smJrzyUybjxFBJFofChCMToawBNGCKEsOnlmCimM2KyAgrTIztqWRL8Ja/vEratapXr17c1SuNWl5HEU7gFM7Bg0towC00oQUEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDz1KSFQ==</latexit>

SF
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Figure 3. The reference mesh (𝜃 = 60°) shown from a side on view (a) and angled view (b). The morphed mesh 
with 𝜃 = 40° is shown in (c) and (d). Cells are colored by mesh quality based on the Aspect Ratio metric.

• We find good agreement when 
comparing both on-fault and off-fault 
output from SeisSol simulations run 
on morphed and generated meshes. 

• Velocity components recorded at off-
fault receivers agree strongly for 𝑣; 
(horizontal, fault perpendicular) and 𝑣< 
(vertical) components; differences in 
𝑣= (horizontal, fault parallel) have 
comparatively small magnitudes. 

• Accumulated slip is slightly over-
predicted at 𝑡 = 1 s when using a 
morphed mesh (by 0.3 m/s), but 
agrees well at other time steps.  
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Reduced-Order Model for Velocity Series History at Off-Fault Receivers

A unique ROM is built 
for each receiver.
𝟑. 𝟏𝟓	×	𝟏𝟎𝟒 s : Offline 
cost (walltime) to 
build ROM 
𝟓	×	𝟏𝟎%𝟓 s : Online 
cost (walltime) to 
evaluate ROM
𝟏𝟎𝟗× : Speedup of 
ROM (once built) 
relative to SeisSol

• We present a method for generating ensembles of geometrically varying meshes.
• We apply this method to meshes for 3D earthquake dynamic rupture simulations. 
• We demonstrate using mesh morphing enabled reduced-order models to quantify the 

sensitivity of earthquake rupture to geometric variability by measuring the variation in 
vertical surface displacement as fault dip varies.  

Outlook for complex fault systems:
• Fault networks with stepovers, branches, and/or intersecting faults. 
• Dip angle, trace, curvature, and roughness of faults are geometric 

parameters of interest.
• Morphing non-intersecting faults is tractable; morphing intersecting 

faults is challenging, likely requiring successive morphs and limited 
geometric variation especially near intersections.
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: Offline cost (walltime) to build ROM (SeisSol + iPOD)
: Online cost (walltime) to evaluate ROM
: Speedup of ROM (once built) relative to SeisSol


