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Text S1. Moment deficit rate calculation
The moment deficit rate (MDR), 𝑚̇0 , can be written as 𝑚̇0 = ∫𝐹𝑎𝑢𝑙𝑡 𝜇 𝐷̇ 𝑑𝐴 , where 𝜇 is the shear
modulus, 𝐷̇ the slip deficit rate and 𝐴 the fault area. 𝐷̇ can furthermore be formulated as 𝐷̇ =
𝜒 𝑉𝑝𝑙𝑎𝑡𝑒 , where 𝜒 is the coupling and 𝑉𝑝𝑙𝑎𝑡𝑒 the long term plate rate.
Using a Bayesian approach, Dal Zilio et al. (2020) sampled from the PDF of fault coupling 360,000
coupling models based on 255 GPS-derived secular velocities calculated between 1990 and 2015
(Kreemer et al., 2014), and from levelling measurements between 1977 and 1990 (Jackson &
Bilham, 1994). The models are representative of the space of possible coupling models,
considering no spatial smoothing apart from fault parameterization and incorporating the
nonhomogeneous elastic structure of the Himalayan crust. We estimate the MDR of each model
and the resulting distribution defines the PDF of the MDR along the Main Himalayan Thrust (Fig.
S1). Summed over the region, moment deficit rate is normally distributed with a mean, 𝜇𝑀𝐷𝑅 , and
standard deviation, 𝜎𝑀𝐷𝑅 , of 9.88 ± 0.29 1019 N.m.yr-1. We note that this PDF does not overlap
with that derived by Stevens & Avouac, 2015 (mean and standard deviation ~1.51± 0.11 1020
N.m.yr-1), due to differences in model parameterization (e.g. spatial smoothing, shear modulus,
fault discretization) (Fig. S1).
Fig S1: Probability Density Functions of moment deficit rate
estimated from the model and uncertainties published by Stevens
& Avouac 2016 (blue) and from the PDF of coupling sampled by
Dal Zilio et al. 2020.

Text S2. Seismicity models and parameter exploration
We assume that on the long-term average, 1) moment released by earthquakes matches the
moment deficit that builds up and 2) earthquakes (excluding aftershocks) follow a power-law
magnitude-frequency distribution (MFD) up to a maximum magnitude (e.g. Michel et al 2018).
We build a suite of long-term earthquake rate models based on these criteria and we evaluate
the probability of each model given the seismic catalog. To each long-term earthquake rate model
corresponds a MFD that depends on four parameters: 𝑏, which controls the relative rates of small
and large events; 𝑀𝑚𝑎𝑥 , the maximum magnitude; 𝛼𝑠 , the ratio of moment released by the
earthquakes in the MFD to that released in total including aftershocks and aseismic deformation;
and the total moment rate of all earthquakes in each model. In order to sample the probability
density function (PDF) of the seismicity models, we sample the space of 𝑀𝑚𝑎𝑥 , 𝑏 and 𝛼𝑠 , assuming
that 𝑀𝑚𝑎𝑥 and 𝑏 have uniform priors and that 𝛼𝑠 is normally distributed. For each combination
of the three parameters, we randomly pick a moment deficit rate (MDR) from the moment deficit
rate PDF derived from the coupling models and compute the magnitude-frequency distribution
(MFD) that balances the moment budget. As noted in the main text, we use two different forms
of MFD, respectively called a truncated and a tapered MFD here, as in Rollins and Avouac (2019)
(Fig. S2). The truncated model assumes that the cumulative MFD, the rates of earthquakes of or
exceeding a given magnitude, follows a power-law scaling up to 𝑀𝑚𝑎𝑥 and is truncated there (we
adopt Field et al. (2014)’s use of the terms cumulative and incremental regarding MFDs). The
cumulative MFD is then
𝑁(≥ 𝑀𝑤 ) = (1 −

Σ
2 𝑏 𝛼𝑠 𝑚̇𝑜

3

)

(

𝑚0𝑚𝑎𝑥

𝑚0𝑚𝑎𝑥 𝑚0 (𝑀𝑤 )

2𝑏
3

) ,

where 𝑚0 (𝑀𝑤 ) is the moment corresponding to magnitude 𝑀𝑤 and 𝑚0𝑚𝑎𝑥 is the moment
released by 𝑀𝑚𝑎𝑥 (please see Rollins and Avouac (2019) for the derivation of the equation).
Fig S2: (a) Truncated seismicity model. 𝑀𝑚𝑎𝑥 and 𝜏𝑚𝑎𝑥 are the
magnitude and recurrence time of the maximum magnitude
earthquake. (b) Tapered seismicity models. 𝜏𝑐 is the recurrence
time of events with 𝑀𝑤 = 𝑀𝑚𝑎𝑥 − 1.

The tapered model assumes that the incremental MFD, the rates of earthquakes of a given
magnitude, follows a power-law scaling up to 𝑀𝑚𝑎𝑥 and is truncated there. The cumulative MFD
is then
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This corrects equation S13b of Rollins and Avouac (2019), which used 𝑁(≥ 𝑀𝑤 ) in the tapered
form and therefore implied that earthquakes of magnitude 𝑀𝑤 ≥ 𝑀𝑚𝑎𝑥 never occur and
therefore that earthquakes of 𝑀𝑤 = 𝑀𝑚𝑎𝑥 never occur [B. Parsons, pers. comm., 2020]. The
corrected form implies that earthquakes of magnitude 𝑀𝑤 > 𝑀𝑚𝑎𝑥 never occur, as required.
We consider 𝑀𝑚𝑎𝑥 , 𝑏, 𝛼𝑠 and MDR as independent in our a priori PDF (i.e. the a priori PDF of the
seismicity models is the product of the a priori marginals). The a priori PDFs of 𝑀𝑚𝑎𝑥 and 𝑏 are
assumed to be uniform, respectively 𝑀𝑚𝑎𝑥 ∈ 𝒰(7.5,10) and 𝑏 ∈ 𝒰(0.05,1.50). The a priori PDF
of MDR is taken as a normal distribution 𝒩(9.88 1019 , 0.29 1019 ) N.m.yr-1, from fitting the PDF
from Text S1, and the a priori PDF of 𝛼𝑠 is assumed to be 𝒩(80%, 20%), based on studies of the
Gorkha earthquake post-seismic behaviour (Gualandi et al., 2017; Liu‐Zeng et al., 2020). We
generate values of 𝑀𝑚𝑎𝑥 , 𝑏, 𝛼𝑠 and MDR from this parameter space via grid search. The
distribution of the MDR, 𝑀𝑚𝑎𝑥 , 𝑏, and 𝛼𝑠 are sampled taking steps of 4.94 1017 N.m.yr-1, 0.1 of
magnitude, 0.01 in 𝑏-value, and 10%, respectively.
Note that the parameter 𝛼𝑠 , the ratio of moment released by background seismicity (e.g.
mainshocks) to that released in total including aftershocks and aseismic deformation, can be
modified and expressed into a ratio, 𝛾, of the moment released aseismicaly and aftershocks to
that of the background seismicity, which is more frequently mentioned in other studies. The
values of 𝛼𝑠 tested, between 50% and 100%, allows to explore 𝛾 between 0% (no aftershock and
aseismic slip) and 100% (moment released by aseismic slip and aftershocks is equivalent to the
mainshock) (Fig. S3). The range of 𝛾 explored is thus quite broad compared to the [10-40%]
typically estimated (Avouac, 2015 and reference therein), although examples exist were moment
released aseismically exceeds that of the mainshock (e.g. Alwahedi & Hawthorne, 2019; Graham
et al., 2014).
Fig. S3: (a) Probability Density Function (PDF) used for the parameter
𝛼𝑠 , the ratio of moment released by the earthquakes to that released
in total including aftershocks and aseismic deformation. (b) The
corresponding PDF of the ratio between the moment released by
aftershocks and aseismic slip, and the moment released seismically.
Circles are the values tested from the PDFs.

Text S3. Instrumental and historical seismicity catalogue constraints
To estimate the probability that each seismicity model is consistent with the current and historical
seismicity catalogue, 𝑃𝐶𝑎𝑡 , we assume that each MFD characterizes background (declustered)
seismicity, and therefore that events are independent and follow a Poisson process (Gardner &
Knopoff, 1974).
In a Poisson process, the probability of 𝑛 events occurring during the time period 𝑡 is
𝑃𝑝𝑜𝑖𝑠𝑠𝑜𝑛 (𝑛, 𝑡, 𝜏) =

(𝑡/𝜏)𝑛
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where 𝜏 is the average recurrence time of the Poisson process. For each magnitude, 𝑀𝑖 , of a
distribution, we calculate 𝑃𝑝𝑜𝑖𝑠𝑠𝑜𝑛 with 𝑛 the number of events observed in the historical or
instrumental catalog, 𝑡 the observation time period (in our case ~25 and ~520 years for the
instrumental and historical catalogues, respectively), and 𝜏 the estimated recurrence time of
events from the seismicity model. We therefore have
𝑀𝑖
𝑀𝑖
𝑀
𝑀𝑖
𝑃𝑝𝑜𝑖𝑠𝑠𝑜𝑛
(𝑛𝑜𝑏𝑠
, 𝑡𝑜𝑏𝑠𝑖 , 𝜏𝑚𝑜𝑑𝑒𝑙
)

𝑀

=

𝑀

𝑀𝑖

𝑛
𝑖 /𝜏 𝑖
𝑜𝑏𝑠
(𝑡𝑜𝑏𝑠
𝑚𝑜𝑑𝑒𝑙 )
𝑀𝑖
(𝑛𝑜𝑏𝑠
)!

𝑀𝑖

𝑀𝑖

𝑒 −𝑡𝑜𝑏𝑠/𝜏𝑚𝑜𝑑𝑒𝑙 .

Considering instrumental and historical seismicity catalogues, the probability of a given seismicity
model writes as the product of the probabilities for each magnitude bin, such as
𝑀𝑖
𝑃𝐶𝑎𝑡 (𝑀𝑚𝑎𝑥 , 𝑏, 𝛼, 𝑀𝐷𝑅) = ∏𝑖 𝑃𝑝𝑜𝑖𝑠𝑠𝑜𝑛
.

However, the instrumental and historical catalogues are subject to magnitude and frequency
uncertainties, as well as uncertainties on whether an event is considered as background seismicity
(see Text S6). Given these uncertainties, we generate 2500 subsamples of the combined seismic
catalogs with which to compute 𝑃𝐶𝑎𝑡 ; each subsample consists of the earthquakes from a time
interval of random length (within the catalog timespan), with their magnitudes perturbed
proportional to their magnitude uncertainties. The final probability 𝑃𝐶𝑎𝑡 is assumed equal to the
mean probability of the 2500 catalogues.

Text S4. Seismicity model probability, 𝑃𝑆𝑀 , and associated marginal
probabilities
We evaluate the probability of a seismicity model, 𝑃𝑆𝑀 , using 4 constraints. (1) The seismicity
model balances the moment budget; (2) The seismicity model has a magnitude-frequency
distribution similar to that of the instrumental and historical earthquake catalogue; (3) Events of
the seismicity model are consistent with the observed moment-area scaling law of earthquakes;
and (4) Events of the seismicity model are consistent with the coupling segmentation and its
interpretation in terms of frictional properties. 𝑃𝑆𝑀 can then be written as:
𝑃𝑆𝑀 = 𝑃(𝐵𝑢𝑑𝑔𝑒𝑡 ∩ 𝐶𝑎𝑡𝑎𝑙𝑜𝑔 ∩ 𝑆𝑐𝑎𝑙𝑖𝑛𝑔 ∩ 𝑆𝑒𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛)
= 𝑃(𝐵𝑢𝑑𝑔𝑒𝑡 ∩ 𝐶𝑎𝑡𝑎𝑙𝑜𝑔) 𝑃(𝑆𝑐𝑎𝑙𝑖𝑛𝑔 ∩ 𝑆𝑒𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 | 𝐵𝑢𝑑𝑔𝑒𝑡 ∩ 𝐶𝑎𝑡𝑎𝑙𝑜𝑔)
= 𝑃(𝐵𝑢𝑑𝑔𝑒𝑡) 𝑃(𝐶𝑎𝑡𝑎𝑙𝑜𝑔 | 𝐵𝑢𝑑𝑔𝑒𝑡) 𝑃(𝑆𝑐𝑎𝑙𝑖𝑛𝑔 | 𝐵𝑢𝑑𝑔𝑒𝑡 ∩ 𝐶𝑎𝑡𝑎𝑙𝑜𝑔)
𝑃(𝑆𝑒𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 | 𝐵𝑢𝑑𝑔𝑒𝑡 ∩ 𝐶𝑎𝑡𝑎𝑙𝑜𝑔 ∩ 𝑆𝑐𝑎𝑙𝑖𝑛𝑔)
We assume that the moment budget and the catalogue constraints are independent of the scaling
law and segmentation constraints. Doing so we have:
𝑃𝑆𝑀 = 𝑃(𝐵𝑢𝑑𝑔𝑒𝑡) 𝑃(𝐶𝑎𝑡𝑎𝑙𝑜𝑔 | 𝐵𝑢𝑑𝑔𝑒𝑡) 𝑃(𝑆𝑐𝑎𝑙𝑖𝑛𝑔) 𝑃(𝑆𝑒𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 | 𝑆𝑐𝑎𝑙𝑖𝑛𝑔).
Note that a fault’s segmentation potentially affects the shape of earthquakes’ MFD. The shape of
the seismicity model would need then to be in agreement with such influence. Due to the large
magnitude-frequency uncertainties of the current and historical earthquake catalog, it is difficult
to conclude on the deflection of the Gutenberg-Richter trend for large earthquakes.
We simplify the expression to 𝑃𝑆𝑀 = 𝑃𝐵𝑢𝑑𝑔𝑒𝑡 𝑃𝐶𝑎𝑡 𝑃𝑆𝑐𝑎 𝑃𝑆𝑒𝑔 , with 𝑃𝐶𝑎𝑡 the probability of this
model considering current and historical catalogs, 𝑃𝑆𝑐𝑎 the probability of this model considering
earthquake moment area scaling law and 𝑃𝑆𝑒𝑔 the probability of this model considering the effect
of aseismic barriers. We estimate the products 𝑃𝐵𝑢𝑑𝑔𝑒𝑡 𝑃𝐶𝑎𝑡 and 𝑃𝑆𝑒𝑔 𝑃𝑆𝑐𝑎 separately, examining
their effect on the final probability 𝑃𝑆𝑀 and associated marginal probability of 𝑀𝑚𝑎𝑥 , 𝑃𝑀𝑚𝑎𝑥 ,
before combining them together. Evaluation of the product 𝑃𝐵𝑢𝑑𝑔𝑒𝑡 𝑃𝐶𝑎𝑡 is described in Text S1
and S3. We define the mode of the marginal PDF 𝑃𝑀𝑚𝑎𝑥 as 𝑀𝑀𝑜𝑑𝑒 .
The probability of a given event rate is calculated following 2 approaches. The first approach
estimates the probability of the rate of the maximum magnitude earthquake, 𝜏𝑚𝑎𝑥 , knowing that
𝑀𝑚𝑎𝑥 = 𝑀𝑀𝑜𝑑𝑒 : 𝑃(𝜏𝑚𝑎𝑥 | 𝑀𝑚𝑎𝑥 = 𝑀𝑀𝑜𝑑𝑒 ). This approach is only used for the truncated models,
as the 𝑀𝑚𝑎𝑥 of a tapered model is not associated with a specific recurrence time (i.e. because of
the asymptotic shape of the magnitude-frequency distribution). Instead, the second approach
estimates the probability of having an event of magnitude 𝑀𝑤 = 𝑀𝑀𝑜𝑑𝑒 , not necessarily the
largest allowed by the model, at a certain rate, 𝜏: 𝑃(𝜏 | 𝑀𝑤 = 𝑀𝑀𝑜𝑑𝑒 ). It can be used for both
seismicity models since this probability is not tied specifically to 𝑀𝑚𝑎𝑥 , but takes instead into
account any earthquake produced by the seismicity models. However, for this approach,
seismicity models with 𝑀𝑚𝑎𝑥 < 𝑀𝑀𝑜𝑑𝑒 are disregarded while the ones with 𝑀𝑚𝑎𝑥 ≥ 𝑀𝑀𝑜𝑑𝑒 , and
thus longer return period than 𝑀𝑀𝑜𝑑𝑒 , are taken into account. Such bias will tend to estimate
longer recurrence time than 𝑃(𝜏𝑚𝑎𝑥 | 𝑀𝑚𝑎𝑥 = 𝑀𝑀𝑜𝑑𝑒 ).

Text S5. Uncertainty estimation
Multiple sources of uncertainties arise in this study. We provide in this section how we quantify
each source of uncertainties to obtain PDFs that we can sample and combine.
Earthquake catalogues: Magnitude uncertainties on the instrumental seismicity catalogue are
available with the ANSS catalogue (https://earthquake.usgs.gov/earthquakes/search/). However,
because events are not all described with a uniform magnitude type, we must convert those to
moment magnitude (Text S6). The conversion seems to increase the uncertainty on the
magnitude of events that need to be converted as we account for the uncertainty on the
conversion (Scordilis, 2006). We consider the final uncertainties on the instrumental seismicity
catalogue to be normally distributed. On the other hand, uncertainties on the magnitudes of the
historical catalogue are directly given by Bilham, 2019 (Table S2) and are considered to represent
the edges of uniform distributions. We note that, when generating a synthetic random catalog of
earthquakes considering the uncertainties on the magnitudes, the resulting synthetic MFD might
not match exactly the observed one if uncertainties are on the order of the bin size used to derive
the MFD. This effect is minimized by the large bins we apply in this study (0.5 in magnitude) and
does not change our conclusions (Fig. S16).Moment deficit rate: Uncertainties on the moment
deficit rate directly derive from the PDF of coupling from Dal Zilio et al 2020. See Text S1 for
details.
Earthquake scaling law: Uncertainties on the scaling law relating earthquake magnitude and area
are considered normally distributed and estimated using the moment and area data from 114
earthquakes provided by Ye et al., 2016 (Fig. S4.a). The scaling between the log of the moment
and the log of the area of the rupture is given as 3/2. We remove a 3/2 trend in the data and use
the spread around the mean scaling to determine a standard deviation, 𝜎𝑠𝑐𝑎𝑙𝑖𝑛𝑔 . The PDF of the
area of an event is given as a function of this 3/2 scaling plus a normally distributed perturbation
centred on zero with a standard deviation 𝜎𝑠𝑐𝑎𝑙𝑖𝑛𝑔 .
Fig S4: Moment-Area uncertainty estimation. (a) Moment-Area
scaling law. Black dots represent the data from Ye et al., 2016. The
red line is the data linear regression, fixing the slope at 3/2, for
which the equation is shown at the bottom right of the figure. (b)
Moment-area scaling law corrected from the linear trend. The
green histogram represent the area distribution after correction of
the linear trend. The corrected area standard deviation equals
𝜎𝑠𝑐𝑎𝑙𝑖𝑛𝑔 = 0.23 𝐿𝑜𝑔10 ( km2 ).

Aseismic barrier efficiency: The efficiency of an aseismic barrier to stop a propagating rupture
has been formalized by Kaneko et al 2010 and depends on various parameters for which either
we can estimate a priori distributions, either we can evaluate these based on the coupling model
from Dal Zilio et al 2020.
The PDF of the size of each barrier, 𝐷𝑉𝑆 , derives directly from the 360,000 coupling models
sampled from the PDF of coupling (Dal Zilio et al., 2020; Figure 1). First, we define a coupling
threshold that will delimit the area which we assume to be seismogenic (thin blue line in Figure
1.a). Any segment with coupling below this threshold is assumed to be an aseismic barrier (red
dashed line in Figure 1.b). We test three coupling thresholds: 0.2, 0.3 and 0.4. The coupling
threshold of 0.3 is the one showed in the main text. The coupled area is estimated from the mean
coupling map calculated from the 360’000 models and showed in Figure 1.a. Second, for each
coupling model, we divide the fault into 15 km along-strike segments and calculate the mean
coupling within each segment (Figure 1.b), using only values within the area defined by the
coupling threshold or less than a 100 km away from the surface trace of the fault (also called MFT;
black dashed line in Figure 1.c). Additionally, for each of the three barriers, we define a zone which
encloses the barrier (Table S3). For each coupling model, the barrier size is estimated as the
number of 15 km segment with a mean coupling under the selected threshold present within the
zone enclosing the barrier. We thus have 360’000 estimations of the size of each barrier and we
can represent the corresponding marginal PDF (dots in Fig. S5). Finally, we fit the PDF of each
barrier with a truncated Gaussian distribution, which we use as the a priori distribution of barrier
size in our evaluation. The distributions of barrier sizes are one-side truncated Gaussian
distributions to avoid negative size of barriers. Based on a coupling threshold equal to 0.3, 𝐷𝑉𝑆 is
taken from positive-truncated normal distributions 𝒩(−18.16, 62.892 ), 𝒩(21.06, 51.452 ), and
𝒩(34.42, 27.782 ) km for barrier 1, 2 and 3, respectively.
Fig S5: (a), (b) and (c) show the size distribution of the three barriers for
a selected coupling threshold of 0.2, 0.3 and 0.4 respectively. These
distributions are estimated based on the values of the 360,000 mean
coupling distributions in Fig 1b within the regions defined in Table S3.

According to Liu‐Zeng et al., 2020, the value of ∆𝜎𝑉𝑆 (𝑎𝑉𝑆 − 𝑏𝑉𝑆 ), calculated based on the
postseismic deformation of the 2015 𝑀𝑤 7.8 Gorkha earthquake, ranges from 0.5 to 1.0 MPa
down-dip of the Gorkha earthquake rupture area. This estimation has been established assuming
an approximate interseismic convergence rate of 20 mm/yr (V. L. Stevens & Avouac, 2015). We
choose to model the PDF of ∆𝜎𝑉𝑆 (𝑎𝑉𝑆 − 𝑏𝑉𝑆 ) and 𝑉𝑖 with lognormal distributions: ∆𝜎𝑉𝑆 (𝑎𝑉𝑆 −
𝑏𝑉𝑆 ) ∈ (𝐿𝑜𝑔𝑛𝑜𝑟𝑚𝑎𝑙(0.05,0.15) − 0.34) MPa; 𝑉𝑖 ∈ (𝐿𝑜𝑔𝑛𝑜𝑟𝑚𝑎𝑙(2.7,0.1) + 4.47) mm/yr. 𝑉𝐷𝑦𝑛
is assumed close to 1 m/s (Galetzka et al., 2015) and its a priori PDF is chosen as : 𝑉𝐷𝑦𝑛 ∈
(𝐿𝑜𝑔𝑛𝑜𝑟𝑚𝑎𝑙(0.05,0.1) + 0.02) m/s.
We consider the PDF of stress drop, ∆𝜏𝑉𝑊 , to be a uniform distribution between 1 and 100 MPa
(Cocco et al., 2016). The length of an event, 𝐷𝑉𝑊 , depends on the tests described in Text S7 hence
we cannot formally write its a priori PDF. The width of the event when it reaches a barrier, 𝑊, is
assumed equal to 100 km, the same value taken to calculate the mean coupling along-strike (see
above). Thus, the parameter 𝛽 = 𝑊/(2 𝐷𝑉𝑊 + 2 𝑊) only varies as a function of 𝐷𝑉𝑊 .
Finally, we need to evaluate the probability for an event to break through an aseismic barrier,
characterized by the barrier efficiency, 𝐵. We base our evaluation on numerical experiments from
Kaneko et al., 2010. Within a rate-and-state framework, Kaneko et al (2010) used dynamic models
to simulate earthquake sequences along two seismogenic sections separated by a rate
strengthening (i.e. mostly creeping) barrier. They estimate from the outcome of the simulations,
a statistical relationship between the barrier efficiency, 𝐵, and the probability of an event to break
through a seismic barrier (Fig. S7). Since their 3D simulations have too few data, we use the data
from their 2D simulations. For barrier efficiencies ranging from 0 to 1.2, we estimate the
probability of breaking through a barrier to linearly decrease from 1 to 0. Simulation results are
normally distributed around this trend with a standard deviation of 9.3% (Fig. S7.b and c).
Whenever we need to test whether a rupture will pass through a barrier, we evaluate B, estimate
the corresponding probability of breaking through a barrier, we randomly perturb this probability
by 9.3% and test against this probability whether the rupture breaks through the barrier or not.
Fig S6: Geometry of the setup used to evaluate the
probability that an event with a given magnitude will
break through an aseismic barrier. The red explosion is
the event epicenter. The yellow area is the rupture area
before it passed (or not) through the aseismic barrier.
The aseismic barrier is in blue. The potentially coseismic
patches are in orange. Terms are defined in the text or in
table S1.

Fig S7: (a) Probability that a rupture breaks through a barrier as a function of the barrier efficiency,
𝐵 (from Kaneko et al., 2010). The black dots are the results of the 2D simulations while the blue
triangles indicate the results from the 3D simulations. The green line represents the linear fit to the
data between 𝐵 = 0 and 1.2 (vertical red dashed line). (b) Same as (a) but corrected from the
linear trend. c. Distribution of the values of probability of a two segment rupture with 𝐵 ≤ 1.2 and
corrected from the linear trend.

Text S6. Earthquake Catalogues
We combine two earthquake catalogues, one based on the instrumental period (<25 years, ANSS
catalogue, https://earthquake.usgs.gov/earthquakes/search/), the other based on 𝑀𝑤 > 7.7
historical earthquakes (Bilham, 2019).
The historical catalogue can be considered as declustered by nature. The declustering of the
instrumental catalogue proceeds as follow. We select events between 1990 and 2020.5 within
the region of interest ([65,100] in Longitude, [17,39] in Latitude). Since magnitudes are expressed
as moment magnitude, 𝑀𝑤 , body-wave magnitude, 𝑀𝑏 , or surface-wave magnitude, 𝑀𝑠 , we
convert the body-wave and surface-wave magnitudes 𝑀𝑏 and 𝑀𝑠 into moment magnitude using
the global relationship established by Scordilis, 2006. Other types of magnitude are assumed to
be equivalent to moment magnitude. The magnitude of completeness is 4.9, based on the
maximum curvature method (Wiemer & Wyss, 2000). However, to compensate for a
methodological bias of the method (Woessner & Wiemer, 2005), we consider a safer magnitude
of completeness of 5.1. We then decluster the catalogue following the method of Marsan &
Helmstetter, 2017.
In our analysis, we only consider events that affect the area of marked interseismic surface strain.
Assuming a 15° dipping fault plane locked down to a certain depth, we expect significant surface
strain at least as far as the horizontal distance between the fault trace and the down-dip edge of
the locked zone (Okada 1992; Fig. S8). Consequently, for our seismic potential analysis, we retain
events up to 200 km north of the trench since the maximum distance between the MHT fault
trace and the down-dip extent of the coupling equals ~200 km.

Fig S8: Surface displacement and
surface strain as a function of
distance to the surface expression
of a locked megathrust. We
assume a homogeneous elastic
medium with a slip rate of 20
mm/yr on the deep buried section
of the fault. We consider
negligible strain is observed more
than 200 km away from the
surface expression of the fault.

We finally select events during the 1995-2020.5 time period as the cumulative number of events
of the declustered catalogue begins to be linear, suggesting a complete catalogue, from 1995
onwards (Fig. S9). This might reflect the timing where a sufficient number of seismometers were
installed to detect all events above the chosen magnitude of completeness. The location of
earthquakes from the non-declustered catalogue is shown in Figure 1.a.

Fig
S9:
(a)
Seismicity
in
the
Himalayan
region
from
the
ComCat
earthquake
catalogue
(https://earthquake.usgs.gov/earthquakes/search/) between 1990.0 and 2020.5. Events with magnitude type in 𝑀𝑏 and 𝑀𝑠 have
been converted into moment magnitude, 𝑀𝑤 (Scordilis, 2006). Events represented with red dots indicate the ones less than 200
km north from the Main Himalayan Thrust trench, and selected for the seismic potential analysis. The green stars indicate events
with 𝑀𝑤 > 7.5. (b) Earthquake density map with 𝑀𝑤 > 5.1. (c) Background earthquake density map from the declustering of
events with 𝑀𝑤 > 5.1 (Marsan & Helmstetter, 2017). The number of earthquakes per cell indicate the mean number of events
based on 1000 catalog created from sampling for each event the probability to be part of the background seismicity. (d)
Cumulative number of events since 1990 using the whole earthquake catalog. The gray and blue cruves indicate the results before
and after declustering, respectively. The vertical green dashed line indicate the date from which we assume the catalog to be
complete. (e) Same as (d) but for events within 200 km north from the Main Himalayan Thrust trench (red dots in (a)). (f) and (g)
show the magnitude of the events through time for the whole catalog and for the events within 200 km north from the Main
Himalayan Thrust trench, respectively.

Text S7. Evaluating the probability of an event in the Himalayas
considering the MHT segmentation and scaling laws
We assess the probability of an earthquake considering the moment vs. area scaling law, 𝑃𝑆𝑐𝑎 ,
comparing the area of this event with that of the coupled section on the fault, 𝐴𝑓𝑎𝑢𝑙𝑡 , for a given
coupling threshold. For a given magnitude, an event is associated with an area, 𝐴𝑒𝑣𝑒𝑛𝑡 , through
the moment-area scaling law. If this area does not fit within the coupled zone, then this event is
improbable.
To sample the PDF of event in the Himalaya considering the coupling segmentation and the
earthquake scaling law, 𝑃𝑆𝑒𝑔 ∗ 𝑃𝑆𝑐𝑎 , we apply the following procedure. Let us assume an event of
magnitude 𝑀𝑤 . We estimate the area of such an event, 𝐴𝑒𝑣𝑒𝑛𝑡 , using a random realization of the
PDF of the moment-area scaling law. If 𝐴𝑒𝑣𝑒𝑛𝑡 > 𝐴𝑓𝑎𝑢𝑙𝑡 , the event does not exist. Otherwise we
position the event randomly within the fault, defining its westernmost and easternmost
termination, 𝐸𝑊𝑒𝑠𝑡 and 𝐸𝐸𝑎𝑠𝑡 , respectively. We fix the epicenter position randomly in between
those positions along the megathrust. From the epicenter, the event propagates in both
directions toward the westernmost and easternmost terminations. During the propagation, this
event might reach a barrier. We then randomly pick the parameters to calculate the barrier
efficiency and evaluate the probability that this event will break through the barrier. We then test
against this probability whether the event breaks through the barrier. If the event does not pass
the test, it is improbable. If it passes the barrier, the event continues until reaching another barrier
or the termination 𝐸𝑊𝑒𝑠𝑡 or 𝐸𝐸𝑎𝑠𝑡 toward which it was propagating. To summarize, we sample
magnitudes uniformly between magnitude 6 and 10 and an event is accepted if it reaches its
terminations and if it fits within the coupled area. The illustration and flowchart in Fig. S10
describe this procedure.
To estimate 𝑃𝑆𝑐𝑎 ∗ 𝑃𝑆𝑒𝑔 , we sample 408 500 events from a uniform distribution ranging from
magnitude 6 to 10, 𝑀𝑤 ∈ 𝒰(6,10), and test whether an event is accepted considering the
moment-area scaling law and the MHT segmentation. We sample all parameters of the scaling
law and characterizing the barrier efficiency, 𝐵, using the a priori PDFs described in Text S5 in the
supplementary material. Such PDFs are estimated from world-wide datasets (i.e. 𝜎𝑠𝑐𝑎𝑙𝑖𝑛𝑔 , ∆𝜏𝑉𝑊 ,
or 𝑉𝐷𝑦𝑛 ), from regional studies specific to the MHT (i.e. 𝐷𝑉𝑆 , 𝑉𝑖 , or ∆𝜎𝑉𝑆 (𝑎𝑉𝑆 − 𝑏𝑉𝑆 )) or from
numerical experiment outputs such as for the relationship between 𝐵 and the probability of an
event to break through a barrier.
To transpose the area of an event into an along-strike length, which will determine its
easternmost and westernmost termination, we assume the event first saturates the seismogenic
width of the fault and that its rupture fronts are strait lines perpendicular to the strike of the fault.
This assumption is taken to test whether an event can fit within the whole fault, 𝐴𝑓𝑎𝑢𝑙𝑡 , and seems
appropriate for large events (e.g. 𝑀𝑤 ≥ ~8.5). 𝐸𝑊𝑒𝑠𝑡 , 𝐸𝐸𝑎𝑠𝑡 and the epicenter position are initially
chosen with these assumptions, and the width of the seismogenic zone, 𝑊𝑠𝑒𝑖𝑠 , is taken as the
mean width between 𝐸𝑊𝑒𝑠𝑡 and 𝐸𝐸𝑎𝑠𝑡 . However, small magnitude events (e.g. 𝑀𝑤 6) do not
saturate the seismogenic zone width. Therefore, if an event fits within 𝐴𝑓𝑎𝑢𝑙𝑡 , we also test if it fits
within the seismogenic zone assuming a semi-circle geometry. We calculate the along-strike

2

𝑐𝑖𝑟𝑐𝑙𝑒
length of the event assuming it has the geometry of a semi-circle: 𝐷𝑉𝑊
= 2√ 𝐴𝑒𝑣𝑒𝑛𝑡 . The event
𝜋

is centered on its epicentral position but the seismogenic zone width for this geometry is still
𝑐𝑖𝑟𝑐𝑙𝑒
assumed to be 𝑊𝑠𝑒𝑖𝑠 . If the radius of the semi-circle, 𝐷𝑉𝑊
/2, is smaller than 𝑊𝑠𝑒𝑖𝑠 , then we
𝐷𝑐𝑖𝑟𝑐𝑙𝑒

assume the event has a semi-circle geometry. If instead 𝑉𝑊 ≥ 𝑊𝑠𝑒𝑖𝑠 , we then compare the
2
𝑠𝑎𝑡
length of the event, under the assumption that this event saturates the seismogenic width, 𝐷𝑉𝑊
,
𝐷𝑠𝑎𝑡

𝐷𝑠𝑎𝑡

with 𝑊𝑠𝑒𝑖𝑠 . If 𝑉𝑊 ≤ 𝑊𝑠𝑒𝑖𝑠 , we assume the event has a semi-circle geometry. If 𝑉𝑊 > 𝑊𝑠𝑒𝑖𝑠 , we
2
2
assume the event saturates the seismogenic zone width. This procedure allows for a slightly more
realistic geometry for small events and is described in the flowchart of Fig. S11.

Fig S10: Left Illustration of the test procedure to determine the PDF of an event along the Main Himalayan Thrust considering
the coupling segmentation and the scaling law between seismic moment and rupture area. Right Flowchart description of the
logical steps leading to rejection or acceptation of an event

Fig S11: Flowchart describing the procedure adopted in the case of an event that does not saturate the seismogenic width.

Table S1: Parameter naming conventions
Symbol

Parameter description

𝜒
𝑀𝑤
𝑀𝑏
𝑀𝑠
𝑀𝑚𝑎𝑥
𝑚0
𝐴
𝜏𝑐
𝑏
𝛼𝑠

Coupling.
Moment magnitude.
Body-wave magnitude.
Surface-wave magnitude.

𝜏𝑚𝑎𝑥

Recurrence time of the maximum magnitude earthquake (for
the truncated seismicity model).

𝐴𝑓𝑎𝑢𝑙𝑡
𝐴𝑒𝑣𝑒𝑛𝑡
𝐵
∆𝜎𝑉𝑆
𝑎𝑉𝑆
𝑏𝑉𝑆
𝑉𝐷𝑦𝑛
𝑉𝑖
𝐷𝑉𝑆

𝑊
𝑊𝑠𝑒𝑖𝑠
𝛽
∆𝜏𝑉𝑊
𝐷𝑉𝑊
𝑐𝑖𝑟𝑐𝑙𝑒
𝐷𝑉𝑊
𝑠𝑎𝑡
𝐷𝑉𝑊

𝐸𝑊𝑒𝑠𝑡 and 𝐸𝐸𝑎𝑠𝑡
𝑊𝑒𝑣𝑒𝑛𝑡
𝜇𝑀𝐷𝑅 and 𝜎𝑀𝐷𝑅
𝜎𝑠𝑐𝑎𝑙𝑖𝑛𝑔

Maximum magnitude of a fault.
Moment.
Area.
Recurrence time of events with magnitude 𝑀𝑤 .
b-value of the seismicity model.

Ratio of background seismicity moment release to the
overall moment release, aftershocks and aseismic afterslip
included.

Area of the coupled zone.
Rupture area of a seismic event.
Barrier efficiency.
Normal stress at the barrier. VS stands for Velocity
Strengthening.
Direct effect parameter, in the rate and state framework,
of the barrier.
Evolution effect parameter, in the rate and state
framework, of the barrier.
Slip rate during a seismic event.
Slip rate during the interseismic period.
Size of the VS barrier.
Width of the barrier.
Width of the seismogenic zone.
Geometrical parameter such as 𝛽 = 𝑊/(2 𝐷𝑉𝑊 + 2 𝑊)
Mean stress drop of a seismic event. VW stand for Velocity
Weakening.
Length of a seismic event at time 𝑡.
Length of a seismic event if assuming a semi-circle rupture
geometry.
Length of a seismic event if assuming it saturates the
seismogenic zone width.
Western and eastern extent of a seismic event.
Width of a seismic event.
Mean and standard deviation of the moment deficit rate.
Uncertainty on the scaling law.

𝑃𝑆𝑀

Probability of a seismicity model to be plausible.
𝑃𝐵𝑢𝑑𝑔𝑒𝑡
Probability that a seismicity model balances the budget.
𝑃𝐶𝑎𝑡
Probability that the seismicity model is consistent with the
current and historical seismicity catalog.
𝑃𝑆𝑐𝑎
Probability that the seismicity model is consistent with
earthquakes moment-area scaling law.
𝑃𝑆𝑒𝑔
Probability that such seismicity model is plausible
considering the barriers to earthquake propagation.
𝑃𝑀𝑚𝑎𝑥
𝑃𝑆𝑀 marginal probability for 𝑀𝑚𝑎𝑥 .
𝑀𝑀𝑜𝑑𝑒
Maximum a posteriori (MAP) estimate, thus the mode, of
𝑃𝑀𝑚𝑎𝑥 .
𝑃(𝜏𝑚𝑎𝑥 | 𝑀𝑚𝑎𝑥 = 𝑀𝑀𝑜𝑑𝑒 ) Probability of the maximum magnitude earthquake
rate, 𝜏𝑚𝑎𝑥 , knowing that 𝑀𝑚𝑎𝑥 = 𝑀𝑀𝑜𝑑𝑒 . This approach is
only used for the truncated models, as the 𝑀𝑚𝑎𝑥 of the
tapered models are not associated with a specific
recurrence time.
𝑃(𝜏 | 𝑀𝑤 = 𝑀𝑀𝑜𝑑𝑒 )
Probability of having an event of magnitude 𝑀𝑤 = 𝑀𝑀𝑜𝑑𝑒
at a certain rate, 𝜏. It can be used for both seismicity
models since this probability is not tied specifically to
𝑀𝑚𝑎𝑥 , but takes instead into account any earthquake
produced by the seismicity models.
𝑃(𝑀 ≥ 𝑀𝑤 | 𝑇 = 𝑋 𝑦𝑟𝑠) Probability of having earthquakes with magnitudes over
𝑀𝑤 during an observational period, 𝑇, of 𝑋 years.

Table S2: Historical earthquake catalog. Based on Bilham, 2019, and reference therein.
Date (dd/mm/yy)
06/06/1505

Minimum magnitude
8.2

Maximum magnitude
8.9

??/09/1555
04/05/1714
01/09/1803

7.6
8
7.5

8
8.2
7.9

26/08/1833
04/04/1905
15/01/1934
15/08/1950
25/04/2015

7.7
7.8
8.4
8.7
7.8

7.8
7.9
8.4
8.7
7.8

Location
Guge, eastern Nepal
and Kumaon
Kashmir
Bhutan
Gangotri, Srinagar
(Gharwal), Almora
Nepal
Kangra
Bihar, Nepal
Assam
Gorkha Nepal

Table S3: Along-strike region taken to evaluate the barriers’ size.
Barrier id
1
2
3

Along-strike western extent
position (km)
345
1035
1485

Along-strike eastern extent
position (km)
555
1185
1635

Fig S12: PDFs (as histogram counts) of possible earthquakes considering the moment-area scaling law and the MHT segmentation,
from 408’500 events uniformly sampled between 𝑀𝑤 6 and 10. The pink histogram takes only the moment-area scaling law into
account while the yellow histogram takes both the scaling law and the segmentation into account. The black line is the ratio
between yellow and pink histogram, and represents the effect of the segmentation, alone, on the variables tested. The black
dotted lines are the ratio but using a coupling threshold of 0.2 and 0.4.

Fig S13: Seismic potential analysis using all constraints, i.e. moment budget, seismicity catalog, segmentation and scaling
law. The blue dots indicate the mean of the marginal PDF of the seismicity models for the truncated MFD case. The blue
dashed lines indicate the spread of the 1% best seismicity models. Green dots and green dashed lines indicate the
marginal PDF of the seismicity models for the tapered MFD case. Red crosses and error bars indicate the rate of
occurrence of historical earthquakes and associated uncertainties. Orange crosses and error bars indicate the rate of
occurrence of earthquakes over the instrumental period and associated uncertainties. The gray shaded distribution
indicates the marginal probability of the maximum magnitude earthquake and of its rate. The blue and green solid line
on the 𝑀𝑤 axis indicate the marginal probability of 𝑀𝑚𝑎𝑥 , 𝑃𝑀𝑚𝑎𝑥 , of the truncated and tapered seismicity models,
respectively. The blue solid line on the earthquake frequency axis indicate the probability of 𝑀𝑚𝑎𝑥 frequency, assuming
that 𝑀𝑚𝑎𝑥 is equal to the mode of 𝑃𝑀𝑚𝑎𝑥 , 𝑀𝑀𝑜𝑑𝑒 , for the truncated model: 𝑃(𝜏𝑚𝑎𝑥 | 𝑀𝑚𝑎𝑥 = 𝑀𝑀𝑜𝑑𝑒 ). The blue and
green dashed lines on the earthquake frequency axis indicate the probability of having an event of magnitude 𝑀𝑤 =
𝑀𝑀𝑜𝑑𝑒 at a certain rate, 𝜏: 𝑃(𝜏 | 𝑀𝑤 = 𝑀𝑀𝑜𝑑𝑒 ), for the truncated and tapered seismicity models, respectively.
𝑃(𝜏 | 𝑀𝑤 = 𝑀𝑀𝑜𝑑𝑒 ) considers all magnitudes in the seismicity models, while 𝑃(𝜏𝑚𝑎𝑥 | 𝑀𝑚𝑎𝑥 = 𝑀𝑀𝑜𝑑𝑒 ) considers only
the recurrence rate of 𝑀𝑚𝑎𝑥 . The top-right inset shows the marginal probability of the b-value (𝑏 parameter). Note that
the seismicity magnitude-frequency distributions in the figure are not cumulative.

Fig S14: Same as Fig. S13 but without counting the 1950 Assam earthquake in the historical catalog.

Fig S15: Histogram of earthquakes modelled with a semi-circle geometry (blue histogram) or assumed to saturate the
seismogenic zone (red histogram). The events taken into account in the histogram are assumed plausible considering the
moment-area scaling law.

Fig S16: Same as Fig. S13 but without taking into account magnitude uncertainties.
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