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S1. Data and forward model for the 2015 Gorkha event

The Gorkha event has been well recorded by various types of geodetic data, such as static GPS
offsets and synthetic aperture radar (InSAR).

In this study, we use the static GPS offsets processed and provided by Galetzka et al. (2015)
and Yadav et al. (2017).

We also use three InNSAR frames that are detailed in Table S1. The ALOS-2 data were collected
by the Japan Aerospace Exploration Agency (JAXA) and processed by Lindsey et al. (2015). The
Sentinel-1 data were collected by the European Space Agency and processed by Grandin et al.
(2015). To improve computational efficiency, we resample InSAR observations based on model
resolution (Lohman and Simons, 2005) with windows ranging from 30 km to 2 km. We account
for measurement uncertainties by building a data covariance matrix. To do so, we mask the area
of coseismic displacement and estimate empirical covariograms as a function of distance between
data points (Figure S1). Then, the InSAR covariance matrix CI'*®" is calculated from the best
fitting exponential function to empirical covariograms (Jolivet et al., 2012).

We also account for the uncertainty due to our a priori assumed fault geometry (Ragon et al.,

2018, 2019). We assume conservative uncertainty values of (-1°, 1°) around the prior value for the
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fault dip and (-1 km, 1 km) for the fault position. The sensitivity of the Green’s functions (GFs)
to a variation in fault geometry is estimated from non-topographic GF's for every case. We adopt
this approximation for simplicity, and because we assume that small perturbations of the GFs due
to a change in fault geometry are close whether topography is introduced or not. The conservative
uncertainty values assumed and the good data coverage of this event makes the impact of these

uncertainties on inferred slip models very limited.

Satellite (orbit pass) Track Interferogram pair

ALOS 2 (ascending) T157  02/21/2015 - 05/02/2015
ALOS 2 (descending)  T048  04/05/2015 - 05/03/2015
Sentinel 1A (ascending) TN117 04/09/2015 - 05/03/2015

Table 1: Interferometric pairs used for the 2015 Gorkha event

Specifications Values

Domain coordinates 83.5°E 87.5°E 26.6°N 29.2°N
Domain size 390 x 280 x 83 km
Mesh spacing 3 km

Number of elements 323830

Poisson’s ratio 0.25

Young’s modulus 82.4 GPa

Table 2: Model domain, mesh and material properties assumed for the Gorkha event

Parameter Values
Length 180 km
Width 100 km
Number of subfaults along strike 18
Number of subfaults along dip 10
Strike 285°
Dip 7°
Northernmost point longitude 86.118721°E
Northernmost point latitude 27.280154°N
Depth of fault tip 3.656 km

Table 3: Fault geometry parameters assumed for the Gorkha event



S2. Figures S1 to S3: Data and forward model for the 2015 Gorkha earthquake
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Figure S1: Empirical covariance functions for the interferograms used in the study of the Gorkha earthquake.
Radially symmetric empirical covariance functions (black points) and associated best fit exponential functions (red
curve) for the displacements derived from InSAR data. For each interferogram, we compute the empirical covariance
as a function of the inter-pixel distance and then fit an exponential function (Jolivet et al. 2012). The exponential
function is used to build the data covariance matrix. (A) for the ALOS2 T048 interferogram, with the exponential
function characterized by A = 0.2 km and o = 427.4 mm. (B) for the ALOS2 T157 interferogram, with A = 7.65
km and o = 31.05 mm. (C) for the Sentinel 1 interferogram, with A = 10.94 km and o = 4.29 mm.
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Figure S2: Topographic mesh used to calculate Green’s functions with topography for the Gorkha event. This mesh
was produced using Trelis 13.0
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S3. Text S2: Data and forward model for the 2010 Maule event

Our data consists of 53 static daily offsets processed by Vigny et al. (2011), and continuous GPS
and survey sites processed by Lin et al. (2013). We derive observational errors from processing
errors, but also consider additional uncertainty (0.5 cm for vertical displacement and 2 c¢m for
horizontal displacement) based on the assumption that GPS might not only measure tectonic but
also local deformation signals.

We also account for the uncertainty due to our a priori assumed fault geometry (Ragon et al.,
2018, 2019). We assume conservative uncertainty values of (-1°, 1°) around the prior value for the
fault dip and (0 km, 2 km) for the fault position. Note that these uncertainties are not sufficient
to cancel out the fact that our assumed structure is an over-simplified approximation of reality.

However, these additional uncertainties help broaden the exploration of the solution space.

Specifications

Values

Domain coordinates
Domain size

-75.0°E -68.5°E -40.3°N -31.5°N
553 x 958 x 136 km

Mesh spacing 6 km
Number of elements 318400
Poisson’s ratio 0.25
Young’s modulus 100.0 GPa

Table 4: Model domain, mesh and material properties used for the Maule event

Parameter Values
Length 570 km
Width 240 km
Strike 198°
Dip 18°
Northernmost point longitude -74.78718°E
Northernmost point latitude -37.70672°N
Depth of fault tip 9.760 km
Near-trench row Deeper rows
Number of subfaults along strike 7 13
Number of subfaults along dip 1 8
Subfault size (along dip - along strike) 81.4 x 48 km 43.8 x 24 km

Table 5: Fault geometry parameters used for the Maule event



S4. Figures S4 to S12: Fit to the observations or synthetic dataset for the 2015
Gorkha earthquake



Full dataset GPS data only
T T T T T T T T
erved disp. : A rved disp. : D
Predicted disp. : 50 cm —>N t hi Predicted disp. : 50 cm ———3 N h
on-topographic — on-topographic
100 km 100 km pograp
4 - 29°
: Y
&
£ A ® % w
®
z Data Data
Predicted Predicted
L Vertical disp. (mm) 4 Vertical disp. (mm) 4 26°
[ arm— | | Tear— |
-500-250 0 250 500 -500-250 0 250 500
L L L L L L L L
T T T T T T T T
Predicted disp. : 50 cm ——— Topographlc B Predicted disp. : 50 cm ——3 Topographlc E
100 km 100 km
L ] 4 29°
: 3
¢ &
o Z
Data Data
Predicted Predicted
L Vertical disp. (mm) 4 Vertical disp. (mm) - 26°
[ ar—— |
-500-250 0 250 500 -500-250 0 250 500
L L L L L L L L
T T T T T T T T
. REC
Predicted disp. : 50 cm ——» c Predicted disp. : 50 cm ———= REC F
100 km 100 km
L - - 29°
]
&
2 /% f, =4 W
® X
1 e Ne
Data Data
Predicted Predicted
L Vertical disp. (mm) 4 Vertical disp. (mm) - 26°
[ ar— |
-500-250 0 250 500 -500-250 0 250 500
L L L ! ! L L 1
84° 87° 84° 87°

Figure S4: Synthetic (derived from the target slip models presented in Figure 3) and predicted GPS offsets for
the 2015 Gorkha event, using either non-topographic (A, D), topographic (B, E) or REC Green’s functions (C,
F), and for inversions using either the full synthetic dataset (GPS and InSAR, left) or the synthetic GPS dataset
only (right). Predictions are inferred from the average model. Observed horizontal surface displacements are in
gray with 95% confidence ellipses, and predicted displacements are in blue with 95% confidence ellipses. Vertical
displacements are color-coded with color scale truncated at (-1 m, 1 m). The inner circle represents the data and
the outer circle represents predicted displacements. The assumed fault geometry is shown as a gray rectangle, and
the epicenter is the white star.
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Figure S5: Slip models estimated from the full noisy synthetic dataset for the target model shown in Fig 3.
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Figure S6: Fit to the synthetic noisy InSAR dataset for the inferred model presented in Fig S5(a), using non-
topographic Green’s functions. Observed surface displacements in the LOS are shown in the top row, predicted
displacements are in the middle row, and the residuals are shown in the bottom row. Predictions are inferred from

the average model. The assumed fault trace is shown as a dark gray line.
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Figure S7: Fit to the synthetic noisy InSAR dataset for the inferred model presented in Fig S5(e), using topographic
Green’s functions. Observed surface displacements in the LOS are shown in the top row, predicted displacements
are in the middle row, and the residuals are shown in the lower row. Predictions are inferred from the average
model. The assumed fault trace is shown as a dark gray line.
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Figure S8: Slip models estimated from the GPS-only noisy synthetic dataset for the target model shown in Fig 3.
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Figure S9: Observed and predicted GPS offsets for the 2015 Gorkha event, using either non-topographic (A, D),
topographic (B,E) or REC Green’s functions (C), and for inversions using either the full dataset (GPS and InSAR,
left) or the GPS dataset only (right). Predictions are inferred from the average model. Observed horizontal surface
displacements are in gray with 95% confidence ellipses, and predicted displacements are in blue with 95% confidence
ellipses. Vertical displacements are color-coded with color-scale truncated at (-1 m, 1 m), the inner round shape
representing the data and the outer circle representing the predicted displacements. The assumed fault geometry is
shown as a gray rectangle, and the epicenter is the white star.
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Figure S10: Fit to the InSAR dataset for the 2015 Gorkha event, using non-topographic Green’s functions.

Observed surface displacements in the

LOS are shown in the top row, predicted displacements are in the middle
row, and the residuals are shown in the bottom row. Predictions are inferred from the average model. The assumed
fault trace is shown as a dark gray line.
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Figure S11: Fit of the InSAR dataset for the 2015 Gorkha event, using topographic Green’s functions. Observed
surface displacements in the LOS are shown in the top row, predicted displacements are in the middle row, and the
residuals are shown in the bottom row. Predictions are inferred from the average model. The assumed fault trace
is shown as a dark gray line.
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Figure S12: Fit of the InSAR dataset for the 2015 Gorkha event, using REC Green’s functions. Observed
surface displacements in the LOS are shown in the top row, predicted displacements are in the middle row, and the
residuals are shown in the bottom row. Predictions are inferred from the average model. The assumed fault trace

is shown as a dark gray line.
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S5. Figures S16 to S20: Other slip models and fit to the observations or synthetic
dataset for the 2010 Maule earthquake

Figure S13: Topographic mesh used to calculate Green’s functions with topography for the Maule event. This mesh
was produced using Trelis 13.0
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Figure S14: Average slip amplitude (total slip) and standard deviation of dip-slip parameters estimated from noisy
synthetic data for the Maule earthquake for the target model shown in Figure 7.
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Figure S15: Noisy synthetic data (derived from the target slip model presented in Figure 7) and predicted GPS
offsets for the 2010 Maule event. Predictions are inferred from the average model. Observed horizontal surface
displacements are in gray with 95% confidence ellipses, and predicted displacements are in blue with 95% confidence
ellipses. Vertical displacements are color-coded with color scale truncated at (-1 m, 1 m). The inner circle represents
the data and the outer circle represents predicted displacements.
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Figure S16: Slip model estimated from synthetic noise-free data for the Maule earthquake for a target model
with only near-trench slip patches. (A) Target slip model used to calculate the synthetic data. (B) average slip
amplitude (red color scale) and rake estimated with topographic Green’s functions. (C) average slip amplitude for
non-topographic Green’s functions. Posterior standard deviation is shown in green at the bottom right of each slip

model.
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Figure S18: Synthetic (derived from the target slip model presented in Figure 7) and predicted GPS offsets for the
2010 Maule event, using either non-topographic (A), topographic (B) or REC Green’s functions (C). Predictions are
inferred from the average model. Observed horizontal surface displacements are in gray with 95% confidence ellipses,
and predicted displacements are in blue with 95% confidence ellipses. Vertical displacements are color-coded with
color-scale truncated at (-1 m, 1 m). The inner circle represents the data and the outer circle represents predicted
displacements.
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Figure S19: (A-C): Average slip models for the 2010 Maule event, assuming smaller subfaults at the trench, and
either non-topographic (A), topographic (C) or corrected (B) GFs. The amplitude of slip along dip and the direction
of the slip vector are shown in map view. A subfigure also shows the standard deviation of each dip-slip model
parameter in green. In (D), the posterior distributions of some chosen dip-slip parameters are shown.
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Figure S20: Observed and predicted GPS offsets for the 2010 Maule event, using either non-topographic (A),
topographic (B) or REC Green’s functions (C). Predictions are inferred from the average model. Observed horizontal
surface displacements are in gray with 95% confidence ellipses, and predicted displacements are in blue with 95%
confidence ellipses. Vertical displacements are color-coded with color scale truncated at (-1 m, 1 m). The inner
circle represents the data and the outer circle represents predicted displacements.
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Figure S21: Green’s functions for the Maule event, computed without topography (left), corrected for topography
with the REC method (middle - difference between non-topographic and REC Green’s functions), or with topography
(right). The Green’s functions are shown for the dip-slip parameter of the 4 shallowest subfaults, and the east (top
row) or vertical (bottom row) component of the full GPS dataset.
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