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Figure S1: Representétive smoothened gridded seismicity for the polygonal seismogenic sources of India and its
surrounding region for the threshold magnitude of My 3.5 at the hypocentral depth range of (a) 0-25km,
(b) 25-70km, (c) 70-180km and (d) 180-300km [1, 2].
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Figure S2: Representative annual activity rate versus magnitude for a group of active tectonic features inscribed
in each polygonal areal seismogenic source at 0-25km focal depth range for threshold magnitude of Mw
3.5[2].
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Table S1: Selected Ground Motion Prediction Equations for PSHA of the Indian Peninsula comprising of eleven

Seismogenic Tectonic Provinces shown in Figure 1 in the manuscript.

Seismogenic Global/Regional Ground Next Generation Attenuation
Tectonic Seismogenic Sources Motion Prediction Equations (NGA) Models
Province (GMPEs)

Bengal Basin | East-Central Himalaya | [3]; [4]; [5] [21; [6]; [7]
including Bengal Basin [81; [4] [21; [9]; [101; [6]; [7]

Bangladesh Northeast India [11]; [5]; [12] [2]; [13]; [22]; [6]; [7]

Indo-Gangetic

Indo-Gangetic
Foredeep

[14]; [15]; [16]

[2]; [17]; [6]; [7]

Foredeep Central Himalaya [18]; [3]; [19] [2]; [6]; [7]
Central India [8]; [41; [14] [2]; [6]; [7]
Central India [8]; [41; [14] [2]; [6]; [7]
Ko;Qa-:N:rna Kutch Region [20]; [21]; [14] [2]; [6]; [7]
eglo Koyna-Warna Region | [8]; [3]; [11] [2]; [6]; [7]
Western Ghat Region | [8]; [14]; [22] [2]; [6]; [7]
Weser ShAl | Eastern Ghat Region | [8]; [14]; 22 [21; [6; [7]
g Koyna-Warna Region | [8]; [3]; [11] [2]; [6]; [7]
Western Ghat Region | [8]; [14]; [22] [2]; [6]; [7]
Easéerni Gnhat Eastern Ghat Region | [8]; [14]; [22] [2]; [6]; [7]
eglo Koyna-Warna Region | [8]; [3]; [11] [2]; [6]; [7]
Northwest Kashmir Himalaya [18]; [16]; [23] [21; [6]; [7]
Indi -
incrué?ng Northwest India [18]; [16]; [24] [2]; [6]; [7]
H:\'nfg’lz;a Hindu Kush Region | [18]; [14]; [11] [2]; [6]; [7]
[18]; [16]; [14]; [4]; [25]; [26]; . al-
Normal Fault [19]: 271 [7]: [15]: [5] [2]; [6]; [7]
- [18]; [16]; [14]; [4]; [25]; [26];
DRe N Reverse Fault | [19]; [27]; [7); [18]; [S1: [31; | [2]; [28]; [6}; [7]
S_lkklm [12]
Himalaya [18]; [16]; [14T; [4]; [25]; [26];
Strike-slip Fault [19]; [27]; [7]; [25]; [51; [3]; [2]; [28]; [6]; [7]
[12]
Eastern Himalayan ) . . TR1-
Northeast Zone (EHZ) L18): [12); 14 (21: 163 17
India Mishmi Block Zone ) . -
including (MB2) [12]; [11]; [29] [21; [6]; [7]
Bhutan Eastern Boundary Zone ) ) -
Himalaya (EB2) [30]; [29]; [11] [21; [6]; [7]
Shillong Zone (SHZ) | [12]; [11]; [30] [21; [6]; [7]
Central India [8]; [41; [14] [2]; [6]; [7]
Central India Kutch Region [20]; [21]; [14] [2]; [6]; [7]
Koyna-Warna Region | [8]; [3]; [11] [2]; [6]; [7]
Central India [8]; [4]; [14] [2]; [6]; [7]
Kutch Region Kutch Region [20]; [21]; [14] [2]; [6]; [7]
Koyna-Warna Region | [8]; [3]; [11] [2]; [6]; [7]
Keashmi Kashmir Himalaya [18]; [16]; [23] [2]; [6]; [7]
Hianslalr:'; Northwest India [18]; [16]; [24] [21; [6]; [7]
4 Hindu Kush Region | [18]; [16]; [11] [21; [6]; [7]
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Figure S3: Peak Ground Acceleration (PGA) with respect to fault distance for corresponding seismogenic sources
for the Tectonic Provinces of (a) Kashmir Himalaya, and (b) Northwest India including Nepal. The blue
dots represent the simulated PGA; the red dots represent the estimated PGA from predicted NGA models

of [7].
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Figure S4: Residuals of PGA with respect to fault distance for corresponding seismogenic sources for the
Tectonic Provinces of (a) Kashmir Himalaya, and (b) Northwest India considering NGA model of [7].



Table S2: The weights and ranks assigned to respective GMPES based on the average LLH ranking in the three

seismogenic source zones for Kashmir Himalaya Tectonic Province.

Kashmir Himalaya Seismogenic Source regime

Model LLH Ran Weight
[6]; Present Study 2.1279 5 0.33
[7]; Present Study 2.1408 4 0.27
[23] 2.1505 3 0.20
[18] 2.2669 2 0.13
[16] 2.4501 1 0.07

Northwest India Seismogenic Source regime

Model LLH Ran Weight
[6]; Present Study 2.1020 5 0.33
[7]; Present Study 2.1599 4 0.27
[24] 2.2276 3 0.20
[18] 2.2561 2 0.13
[16] 2.2733 1 0.07

Hindu Kush Seismogenic Source regime

Model LLH Ran Weight
[6]; Present Study 2.2503 5 0.33
[7]; Present Study 2.2648 4 0.27
[18] 2.2791 3 0.20
[16] 2.4293 2 0.13
[11] 2.6283 1 0.07

Table S3: The weights and ranks assigned to respective GMPESs based on the average LLH ranking in the three

seismogenic source zones for Northwest India

Tectonic Province.

Kashmir Himalaya Seismogenic Source regime

Model LLH Ran Weight
[6]; Present Study 2.1279 5 0.33
[7]; Present Study 2.1408 4 0.27
[23] 2.1505 3 0.20
[18] 2.2669 2 0.13
[16] 2.4501 1 0.07

Northwest India Seismogenic Source regime

Model LLH Ran Weight
[6]; Present Study 2.1020 5 0.33
[7]; Present Study 2.1599 4 0.27
[24] 2.2276 3 0.20
[18] 2.2561 2 0.13
[16] 2.2733 1 0.07

Hindu Kush Seismogenic Source regime

Model LLH Ran Weight
[6]; Present Study 2.2503 5 0.33
[7]; Present Study 2.2648 4 0.27
[18] 2.2791 3 0.20
[16] 2.4293 2 0.13
[11] 2.6283 1 0.07

Table S4: The weights and ranks assigned to respective GMPEs based on the average LLH ranking in the three

seismogenic source zones for Indo-Gangetic Foredeep Tectonic Province.

Indo-Gangetic Foredeep Seismogenic Source
Model LLH Ran Weight
[6]; Present Study 2.144 5 0.33
[7]; Present Study 2.346 4 0.27
[14] 2.386 3 0.20
[15] 2.510 2 0.13
[16] 2.511 1 0.07




Central Himalaya Seismogenic Source
Model LLH Rank Weight
[6]; Present Study 2.482 5 0.33
[7]; Present Study 2.546 4 0.27
[3] 2.552 3 0.20
[18] 2.577 2 0.13
[19] 2.892 1 0.07
Central India Seismogenic Source
Model LLH Rank Weight
[6]; Present Study 2.201 5 0.33
[7]; Present Study 2.219 4 0.27
[4] 2.225 3 0.20
[14] 2.303 2 0.13
[8] 2.389 1 0.07

Table S5: The weights and ranks assigned to respective GMPEs based on the average LLH ranking in the three
seismogenic source zones for Bengal Basin Tectonic Province.

Bengal Basin Seismogenic Source regime

Model LLH Rank Weight
[6]; Present Study 2.169 4 0.4
[7]; Present Study 2.189 3 0.3
[8] 2.368 2 0.2
[4] 2.397 1 0.1

Northeast India Seismogenic Source regime

Model LLH Rank Weight
[6]; Present Study 2.306 5 0.33
[7]; Present Study 2.331 4 0.27
[12] 2.370 3 0.20
[5] 2.545 2 0.13
[11] 2.670 1 0.07

East-Central Himalaya Seismogenic Source regime

Model LLH Rank Weight
[6]; Present Study 2.264 5 0.33
[7]; Present Study 2.296 4 0.27
[4] 2.371 3 0.20
[3] 2.412 2 0.13
[5] 2.712 1 0.07

Table S6: The weights and ranks assigned to respective GMPEs based on the average LLH ranking in the three
seismogenic source zones for Darjeeling-Sikkim Himalaya Tectonic Province.

Strike-Slip Fault

Model LLH Rank Weight

[6]; Present Study 2.325 15 0.125
[7]; Present Study 2.357 14 0.117
[18] 2.363 13 0.108

[7] 2.401 12 0.100

[3] 2.421 11 0.092

[12] 2.436 10 0.083

[25] 2.434 9 0.075

[14] 2.441 8 0.067

[16] 2.476 7 0.058

[26] 2.483 6 0.050

[4] 2.552 5 0.042

[5] 2.502 4 0.033

[15] 2.652 3 0.025

[19] 2.742 2 0.017

[27] 2.987 1 0.008

Reverse Fault

5




Model LLH Rank Weight

[6]; Present Study 2.222 15 0.125
[7]; Present Study 2.285 14 0.117
[18] 2.345 13 0.108

[16] 2.389 12 0.100

[14] 2.405 11 0.092

[12] 2.495 10 0.083

[4] 2.496 9 0.075

[26] 2.497 8 0.067

[7] 2.504 7 0.058

[3] 2.536 6 0.050

[25] 2.636 5 0.042

[19] 2.657 4 0.033

[15] 2.822 3 0.025

[5] 2.977 2 0.017

[27] 3.078 1 0.008

Normal Fault

Model LLH Rank Weight

[6]; Present Study 2.037 13 0.143
[7]; Present Study 2.206 12 0.132
[18] 2.218 11 0.121

[16] 2.243 10 0.110

[14] 2.315 9 0.099

[4] 2.322 8 0.088

[25] 2.357 7 0.077

[26] 2.412 6 0.066

[19] 2.433 5 0.055

[27] 2.539 4 0.044

[7] 2.547 3 0.033

[15] 2.595 2 0.022

[5] 2.652 1 0.011

Table S7: The weights and ranks assigned to respective GMPEs based on the average LLH ranking in the four
seismogenic zones for Northeast India Tectonic Province.

Eastern Himalayan Seismogenic Zone (EHZ)

Model LLH Rank Weight
[6]; Present Study 2.168 5 0.33
[7]; Present Study 2.236 4 0.27
[18] 2.268 3 0.20
[12] 2.438 2 0.13
[4] 2.656 1 0.07

Mishmi Block Seismogenic Zone (MBZ)

Model LLH Rank Weight
[6]; Present Study 2.243 5 0.33
[7]; Present Study 2.333 4 0.27
[12] 2.570 3 0.20
[11] 2.573 2 0.13
[29] 2.760 1 0.07

Eastern Boundary Seismogenic Zone (EBZ)

Model LLH Rank Weight
[6]; Present Study 2.369 5 0.33
[7]; Present Study 2.370 4 0.27
[30] 2.635 3 0.20
[29] 2.712 2 0.13
[11] 2.786 1 0.07

Shillong Seismogenic Zone (SHZ)

Model LLH Rank Weight

[6]; Present Study 2.316 5 0.33




[7]; Present Study 2.323 4 0.27
[12] 2.425 3 0.20
[11] 2.705 2 0.13
[30] 2.748 1 0.07

Table S8: Pairwise comparison matrix and normalized weights assigned to the GMPEs used for Northwest India
seismogenic source zone.

Model 6] [7] [24] [18] [16] Weight
6] 1 5/4 5/3 5/2 5/1 0.33
[7] 4/5 1 4/3 42 4/1 0.27
[24] 3/5 3/4 1 32 3/1 0.20
[18] 2/5 2/4 2/3 1 2/1 0.13
[16] 1/5 1/4 1/3 172 1 0.07

Table S9: Comparison of Peak Ground Acceleration (PGA) for 10% probability of exceedance in
50 years from various literatures and the present study.

PGA(g) for 10% probability of exceedance in 50
Sl. No. City Name yeer Citation
[31] [1] Present | Other Studies
[zone] Study
012 0.18 [32]
1 Amritsar [|'v] 0.20-0.25 | 0.17-0.18 0.20-0.35 [33]
0.12 [34]
0.08 ] ] 0.05-0.08 [33]
2 Bhubaneswar [ 0.04-0.08 0.07-0.08 0.04-0.06 [35]
o012 0.14-0.21 [36]
3 Chandigarh [|'\/] 0.30-0.35 | 0.30-0.31 0.24 [32]
0.35-0.55 [33]
0.27 [37]
0.00-0.37 [38]
_ 0.12 ] ) 0.2-0.35 [33]
4 New Delhi [IV] 0.20-0.25 0.19-0.20 0.18 [39]
0.07-0.33 [40]
0.10 [41]
0.46 [42]
_ 0.18 0.35-0.55 [33]
5 Guwahati V] 0.60-0.70 0.70-0.71 0.20-0.25 [43]
0.54-0.62 [44]
0.08 ) ) 0.13 [37]
6 Kolkata [ 0.12-0.16 | 0.13-0.14 0.08-0.20 [33]
0.08 ) ) 0.08-0.13 [33]
7 Lucknow [ 0.16-0.20 | 0.16-0.17 0.06 [41]
_ 0.05 ] ] 0.04-0.06 [35]
8 Ranchi ] 0.12-0.16 | 0.05-0.15 0.13-0.20 [33]
012 0.11-0.15 [45]
9 Patna [I.V] 0.20-0.25 | 0.14-0.15 0.08-0.13 [33]
0.04 [41]
0.22-0.27 [46]
_ 0.18 0.39 [34]
10 Srinagar V] 0.08-0.12 0.36-0.37 0.06 [41]
0.35-0.55 [33]
_ 0,08 0.09-0.11 [18]
11 Varanasi [ 0.08-0.12 0.10-0.11 0.05-0.08 [33]




0.14 [47]

029 [48]

_ _ 013 [49]

12| Dhaka 020025 | 023024 | O ool
027 [51]

0.13-0.20 [33]

018 [47]

0.13 [48]

13 | Chittagong 0.30-0.35 | 0.35-0.36 0.19 [49]
0.40-0.50 [50]

0.41 [51]

012 _ _ 017-0.22 [46]

14 | Jammy tvy | 03003 | 0ss0s4 | 03l0E o]
. 0.55-0.60 [43]

15 | Thimphu 025030 | 035037 | o002 o]
051-0.55 [52]

0.75 [53]

16 | Kathmandu 045-05 | 0.50-051 035 [54]
0.52-0.57 [55]

0.8 [41]

. 018 0.35-0.55 [33]

17 Aizawl V] 0.50-0.55 0.54-0.56 0.15-0.20 [43]
018 020025 [56]

18 | Imphal V] | 060070 | 068069 | 055090 [33]
0.90-1.50 [43]

18 0.35-0.55 [33]

19 | shillong V] | 060070 | 073074 0.6 [57]
0.40-0.45 [43]

043 [54]

0.12 _ _ 0.35-0.55 [33]

20 | Gangtok vy | 030035 | 036038 | oroe) ol
0.8 [41]

21 | Agartala ] | 025030 | 028029 | 020035 [33]

Table S10: Comparison of Peak Ground Acceleration (PGA) for 2% probability of exceedance in
50 years from various literatures and the present study.

PGA(qg) for 2% probability of exceedance in 50 years

Sl. City Name itati
No. y [1] Present Study Other Studies | Citation

1 Amritsar 0.25-0.40 0.40-0.42 0.25-0.3 [37]

Bhubaneswa 0.09-0.14 [35]

2 " 0.08-0.20 0.17-0.19 0.01 [58]

3 Chandigarh 0.35-0.70 0.60-0.61 0.24-0.4 [36]

0.22 [59]

0.51 [37]

. 0.00-0.64 [38]

4 New Delhi 0.25-0.50 0.42-0.43 0.32 [39]

0.12-0.37 [40]

0.18 [41]

. 0.78 [42]

5 Guwabhati 0.70-1.30 0.85-0.87 0.83-0.93 [44]

6 Kolkata 0.16-0.30 0.30-0.31 0.23 [37]

0.07-0.13 [60]

7 Lucknow 0.20-0.40 0.42-0.43 0.08 [41]




8 Ranchi 0.30-0.40 0.28-0.30 0.09-0.14 [35]
0.05-0.44 [61]

9 Patna 0.25-0.40 0.31-0.33 0.3-0.38 [45]
0.08 [41]

0.69-0.70 [62]

10 | Srinagar 0.30-0.40 0.58-0.60 0.37-0.47 [46]
0.08 [41]

11 | Varanasi 0.30-0.40 0.25-0.27 0.03 [63]
i ) 0.30-0.40 [50]

12 | Dhaka 0.50-0.60 0.39-0.40 0.55 [51]
. i ) 0.9-1.0 [50]

13 | Chittagong 0.70-0.80 0.49-0.51 0.84 [51]
14 | Jammu 0.60-0.70 0.52-0.54 0.27-0.37 [46]
1.00-1.07 [52]

0.66 [53]

15 | Kathmandu 0.90-1.00 0.76-0.78 0.81-0.90 [54]
1.00 [55]

0.18 [41]

. i ) 0.13-0.20 [64]

16 | Aizawl 1.00-1.10 0.72-0.73 0.92-0.32 [44]
0.3-1.1 [56]

17 | Imphal 1.30-1.40 0.97-0.99 0.14 [65]
0.32-0.42 [44]

. i ) 0.24 [57]

18 | Shillong 1.40-1.50 0.87-0.88 0.73-0.83 [44]
i ) 0.62 [54]

19 | Gangtok 0.60-0.70 0.69-0.70 0.18 [41]
0.20-0.27 [65]

20 | Agartala 0.50-0.60 0.45-0.46 0.42-0.52 [44]

PSA (0.2 sec) with 2% probability
of exceedance in 50 years

PSA (0.2 sec) with 10% probability
of exceedance in 50 years
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Figure S5: Probabilistic Seismic Hazard of India and its adjoining region in terms of PSA distribution for 0.2sec
period for (a) 10% and (b) 2% probability of exceedance in 50 years at bedrock level.
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Figure S6: Probabilistic Seismic Hazard of India and its adjoining region in terms of PSA distribution for 0.3sec
period for (a) 10% and (b) 2% probability of exceedance in 50 years at bedrock level.
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Figure S7: Probabilistic Seismic Hazard of India and its adjoining region in terms of PSA distribution for 1.0sec
period for (a) 10% and (b) 2% probability of exceedance in 50 years at bedrock level.

10



8500E

2000E

20v0E 3500E 2000E

00N

(a) Topographic Gradient (a) based
o Site Class Map (0.56< a (m/m)< 1.89)

(b) Combined Geology, Geomorphology, N
Landform and Topographic Gradient
related gh a li r

equation based Site Class Map

mg oges .‘._.ﬁ ,_

Figure S8: Site Classification maps of the high-altitude region from “Moderately Steep Slope” to
“Escarpment/cliff” in the Tectonic Ensemble following NEHRP nomenclature based on (a) TG:
Topographic-Gradient (o; 0.56< o(m/m) < 1.89)-based Vs* spatial distribution and (b) GGLTG: Geology,
Geomorphology, Landform and Topographic Gradient regressed Polynomial relation-based site
classification map together with the correlation plots in (c) between the Predicted TG (9arcsec)-based
V% versus Predicted_GGLTG-based Vs* demonstrating a good clustering along the 1:1 correspondence
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Figure S9: Site Classification maps of the low to mid-altitude regions in the Tectonic Ensemble following

NEHRP nomenclature based on (a) Topographic-Gradient (TG) (o; 0< a(m/m) < 0.56), (b) Combined
Geology, Geomorphology, Landform and Topographic Gradient GGLTG-based nonlinear regression
proxy and (c) Measured (invasive and non-invasive) Vs* along with the correlation plots amongst these
three types of Vs® i.e. (d) Predicted_TG-based (in blue circles) Vs* and Predicted GGLTG-based (in
dark orange ‘+*) Vs® and measured Vs®. A strong clustering has been exhibited between measured Vs*
and GGLTG-based Vs* along the 1:1 correspondence line with a standard deviation of +110m/s
demarcated by dark orange points; in contrast as shown in the same diagram the Topographic Gradient
TG-based Vs* values show a large scattering with respect to the 1:1 correspondence line thus indicating
an over-prediction of shear-wave velocity in comparison with the measured Vs*° designated by blue points
in the same plot.

Table S11: Comparison of effective shear wave velocity (V) variation from various literatures and the present

study.
SI. No. . Vs (m/s) Vs (mfs)

Location Present study Other studies Reference

1 Amritsar 257-370 180-360 [66]

. i 230-350 [67]

2 New Delhi 220-360 970-565 [68]

3 Lucknow 204-391 230-470 [69]

4 Patna 198-356 180-270 [66]

_ ] 180-360 [66]

5 Varanasi 191-356 291-692 [70]

6 Kolkata 160-310 119-359 [10]

7 Dhaka 114-291 127-320 [71]

8 Chittagong 108-304 123-420 [72]

9 Jammu 250-470 340-390 [73]

10 Chandigarh 180-360 210-290 [74]

i 366-490 [75]

11 Kathmandu 112-368 148-298 [76]

12 Guwabhati 102-300 180-760 [77]

. i 360-760 [78]

13 Aizawl 320-620 200-950 [79]

14 Shillong 248-760 275-375 [80]

15 Agartala 120-240 180-360 [78]

. <180-360 [81]

16 Srinagar 140-380 139-451 82]

Table S12: Comparison of Surface-consistent Probabilistic Peak Ground Acceleration (PGA) for 10% probability

of exceedance in 50 years from various literatures and the present study.

Surface-consistent PGA(g) for 10% probability of
Sl . : References
No. City Name exceedance in 50 years _
Present Study Other Studies

1 Aizawl 0.51-0.72 0.60-0.70 [37]
0.299 [83]
2 Ambala 0.52-0.54 0.30-0.40 [37]
. 0.20-0.30 [36]
3 Chandigarh 0.61-0.66 0.30-0.40 [37]
4 Gangtok 0.41-0.45 0.70 [37]
0.30-0.80 [84]
5 Imphal 0.89-1.5 0.63 [37]
6 Itanagar 0.54-0.61 0.60-0.70 [37]
7 Kohima 0.69-0.93 0.60-0.70 [37]
0.17-0.25 [9]
8 Kolkata 0.31-0.34 0.30-0.40 [37]
0.39 [10]
0.10-0.40 [37]
9 Lucknow 0.34-0.36 0.26-0.29 [17]
0.20-0.30 [37]
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_ 0.42 [37]
10 New Delhi 0.45-0.47 0.20 [59]
_ ] 0.145 [83]
11 | Panipat 0.48-0.50 0.20-0.30 [37]
] 0.22-0.24 [17]
12 | Patna 0.31-0.34 0.20-0.30 [37]
13| Srinagar 0.42-0.80 0.6-07 [37]
_ 0.14-0.17 [17]
14 | Varanasi 0.26-0.28 0.20-0.30 [37]
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(c) SELENA generated hybrid predicted & scenario combined damage
state domain demarcation for RC-type buildings in Northeast India region
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(e)

Damage Probability

SELENA generated hybrid predicted & scenario combined damage
state domain demarcation for RC-type buildings in West-Northwest India
region
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Figure S11: Damage probability calculation from reported damage through nonlinear exponential regression

analysis across various scenario earthquakes for RC (Reinforced Concrete) type buildings in (a)
North-Central Himalaya, (b) Nepal, (c) Northeast India, (d) Bhutan and (e) West-Northwest India
regions. Furthermore, Damage states generated by SELENA for both scenario and probabilistic has
been displayed based on damage outcomes simulated for the scenario earthquakes, along with the
surface-consistent Probabilistic Seismic Hazard scenario.
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