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Fig. S1 Smoothened gridded seismicity for the polygonal seismogenic sources of India and its surrounding region for the threshold magnitude of MW 3.5, 4.5 and 5.5 at the hypocentral depth range of (a) 0-25km, (b) 25-70km, (c) 70-180km and (d) 180-300km (after Nath and Thingbaijam 2012 and Nath 2017)
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Fig. S2 The 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 (after Nath 2017)

Table S1 Selected Ground Motion Prediction Equations for PSHA of the Indian Peninsula comprising of eleven Seismogenic Tectonic Provinces shown in Fig. 1 in the manuscript
	Seismogenic Tectonic Province
	Seismogenic Sources
	Global/Regional Ground Motion Prediction Equations (GMPEs)
	Next Generation Attenuation (NGA) Models

	Bengal Basin including Bangladesh
	East-Central Himalaya
	Sharma et al. (2009); Toro (2002); Campbell and Bozorgnia (2008) 
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Bengal Basin
	Raghukanth and Iyengar (2007); Toro (2002)	
	Nath (2017); Nath et al. (2014); Maiti et al. (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Northeast India
	Youngs et al. (1997); Campbell and Bozorgnia (2008); Nath et al. (2012)  (Shallow and Deep crust)
	Nath (2017); Nath et al. (2009); Nath et al. (2012); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	



Indo-Gangetic Foredeep
	Indo-Gangetic Foredeep
	NDMA (2010); Abrahamson and Silva (2008); Raghukanth and Kavitha (2014)
	Nath (2017); Nath et al. (2019);  Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Central Himalaya
	Anbazhagan et al. (2013a); Sharma et al. (2009); Chiou and Youngs (2008)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Central India
	Raghukanth and Iyengar (2007); Toro (2002); NDMA (2010) 
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	


Koyna-Warna Region
	Central India
	Raghukanth and Iyengar (2007); Toro (2002); NDMA (2010)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Kutch Region
	Boore and Atkinson (2008); Sadigh et al. (1997); NDMA (2010)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Koyna-Warna Region
	Raghukanth and Iyengar (2007); Sharma et al. (2009); Youngs et al. (1997) 
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	



Western Ghat Region
	Western Ghat Region
	Raghukanth and Iyengar (2007); NDMA (2010); Hwang and Huo  (1997)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Eastern Ghat Region
	Raghukanth and Iyengar (2007); NDMA (2010); Hwang and Huo  (1997) 
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Koyna-Warna Region
	Raghukanth and Iyengar (2007); Sharma et al. (2009); Youngs et al. (1997)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	



Eastern Ghat Region
	Western Ghat Region
	Raghukanth and Iyengar (2007); NDMA (2010); Hwang and Huo (1997)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Eastern Ghat Region
	Raghukanth and Iyengar (2007); NDMA (2010); Hwang and Huo (1997)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Koyna-Warna Region
	Raghukanth and Iyengar (2007); Sharma et al. (2009); Youngs et al. (1997) 
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	



Northwest India including Nepal Himalaya
	Kashmir Himalaya
	Anbazhagan et al. (2013a); Raghukanth and Kavitha (2014); Sharma et al. (2012)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006) 

	
	Northwest India
	Anbazhagan et al. (2013a); Raghukanth and Kavitha (2014); Harbindu et al. (2014)  
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006) 

	
	Hindu Kush Region
	Anbazhagan et al. (2013a); Raghukanth and Kavitha (2014); Youngs et al. (1997) 
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	Darjeeling-Sikkim Himalaya
	Normal Fault 
	Anbazhagan et al. (2013a); Raghukanth and  Kavitha (2014); NDMA (2010); Toro (2002); Akkar and  Bommer (2010); Lin and Lee (2008); Chiou and  Youngs (2008); Zhao et al. (2006); Atkinson and Boore (2006); Abrahamson and Silva (2008); Campbell and  Bozorgnia (2008)
	Nath (2017); Adhikari and Nath (2016); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Reverse Fault 
	Anbazhagan et al. (2013a); Raghukanth and  Kavitha (2014); NDMA (2010); Toro (2002); Akkar and  Bommer (2010); Lin and Lee (2008); Chiou and  Youngs (2008); Zhao et al. (2006); Atkinson and Boore (2006); Abrahamson and Silva (2008); Campbell and  Bozorgnia (2008); Sharma et al. (2009); Nath et al. (2012)
	Nath (2017); Adhikari and Nath (2016); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Strike-slip Fault

	Anbazhagan et al. (2013a); Raghukanth and  Kavitha (2014); NDMA (2010); Toro (2002); Akkar and  Bommer (2010); Lin and Lee (2008); Chiou and  Youngs (2008); Zhao et al. (2006); Atkinson and Boore (2006); Abrahamson and Silva (2008); Campbell and  Bozorgnia (2008); Sharma et al. (2009); Nath et al. (2012)
	Nath (2017); Adhikari and Nath (2016); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	



Northeast India including Bhutan Himalaya
	Eastern Himalayan Zone (EHZ)
	Anbazhagan et al. (2013a); Nath et al. (2012); Toro (2002)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Mishmi Block Zone (MBZ)
	Nath et al. (2012); Youngs et al.  (1997); Gupta (2010)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Eastern Boundary Zone (EBZ)
	Singh et al. (2016); Gupta (2010); Youngs et al. (1997)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Shillong Zone (SHZ)
	Nath et al. (2012); Youngs et al.  (1997); Singh et al. (2016)
	Nath (2017); Nath et al. (2009); Nath et al. (2012); Campbell and Bozorgnia (2003); Atkinson and Boore (2006) 

	



Central India
	Central India
	Raghukanth and Iyengar (2007); Toro (2002); NDMA (2010) 
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Kutch Region
	Boore and Atkinson (2008);  Sadigh et al. (1997); NDMA (2010)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Koyna-Warna Region
	Raghukanth and Iyengar (2007); Sharma et al. (2009); Youngs et al. (1997)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	Kutch Region
	Central India
	Raghukanth and Iyengar (2007); Toro (2002); NDMA (2010)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006) 

	
	Kutch Region
	Boore and Atkinson (2008); Sadigh et al. (1997); NDMA (2010)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006) 

	
	Koyna-Warna Region
	Raghukanth and Iyengar (2007); Sharma et al. (2009); Youngs et al. (1997)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	



Kashmir Himalaya
	Kashmir Himalaya
	Anbazhagan et al. (2013a); Raghukanth and Kavitha (2014); Sharma et al. (2012)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Northwest India
	Anbazhagan et al. (2013a); Raghukanth and Kavitha (2014); Harbindu et al. (2014)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)

	
	Hindu Kush Region
	Anbazhagan et al. (2013a); Raghukanth and Kavitha (2014); Youngs et al. (1997)
	Nath (2017); Campbell and Bozorgnia (2003); Atkinson and Boore (2006)
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	Table S2 Comparison of Peak Ground Acceleration (PGA) for 10% probability of exceedance in 50 years from various literatures and the present study

	Sl. No.
	City Name
	PGA(g) for 10% probability of exceedance in 50 years 
	Reference

	
	
	BIS (2002) [zone]
	GSHAP
(Bhatia et al. 1999)
	Nath and Thingbaijam (2012)
	Present Study
	Other Studies
	

	1
	Amritsar
	0.12
[IV]
	0.00-0.05
	0.20-0.25
	0.17-0.18
	0.18
0.20-0.35
0.12
	Bajaj and Anbazhagan (2019)
Rao et al. (2020)
Mir and Parvez (2020)

	2
	Bhubaneswar
	0.08
[III]
	0.00-0.05
	0.04-0.08
	0.07-0.08
	0.05-0.08
0.04-0.06
	Rao et al. (2020)
Scaria et al. (2021)

	3
	Chandigarh
	0.12
[IV]
	0.15-0.20
	0.30-0.35
	0.30-0.31
	0.14-0.21
0.24
0.35-0.55
	Puri and Jain (2018)
Bajaj and Anbazhagan (2019)
Rao et al. (2020)

	4
	New Delhi
	0.12 
[IV]
	0.10-0.15
	0.20-0.25
	0.19-0.20
	0.27
0.00-0.37
0.2-0.35
0.18
0.07-0.33
0.10
	Sitharam et al. (2015)
Sarkar and Shanker (2017)
Rao et al. (2020)
Gupta et al. (2021a)
Gupta et al. (2021b)
Ramkrishnan et al. (2021)

	5
	Guwahati
	0.18 
[V]
	0.25-0.30
	0.60-0.70
	0.70-0.71
	0.46
0.35-0.55
0.20-0.25
0.54-0.62
	Bahuguna and Sil (2020)
Rao et al. (2020)
Ghione et al. (2021)
Agrawal et al. (2021)

	6
	Kolkata
	0.08 
[III]
	0.05-0.10
	0.12-0.16
	0.13-0.14
	0.13
0.08-0.20
	Sitharam et al. (2015)
Rao et al. (2020)

	7
	Lucknow
	0.08 
[III]
	0.05-0.10
	0.16-0.20
	0.16-0.17
	0.08-0.13
0.06
	Rao et al. (2020)
Ramkrishnan et al. (2021)

	8
	Ranchi
	0.05
[II]
	0.075
	0.12-0.16
	0.05-0.15
	0.04-0.06
0.13-0.20
	Scaria et al. (2021)
Rao et al. (2020)

	9
	Patna
	0.12 
[IV]
	0.00-0.05
	0.20-0.25
	0.14-0.15
	0.11-0.15
0.08-0.13
0.04
	Anbazhagan et al. (2019a)
Rao et al. (2020)
Ramkrishnan et al. (2021)

	10
	Srinagar
	0.18 
[V]
	0.20-0.25
	0.08-0.12
	0.36-0.37
	0.22-0.27        
0.39
0.06
0.35-0.55
	Jaisal et al. (2020)                                   
Mir and Parvez (2020)
Ramkrishnan et al. (2021)
Rao et al. (2020)

	11
	Varanasi
	0.08 
[III]
	0.05-0.10
	0.08-0.12
	0.10-0.11
	0.09-0.11
0.05-0.08
	Nath et al. (2019)
Rao et al. (2020)

	12
	Dhaka
	
	0.20-0.25
	0.20-0.25
	0.23-0.24
	0.14
0.29
0.13
0.15-0.20
0.27
0.13-0.20
	Al-Hussaini and Al-Noman (2010)
Trianni et al. (2014)
BNBC (2017)
Rahman et al. (2020)
Haque et al. (2020)
Rao et al. (2020)

	13
	Chittagong
	
	0.35-0.40
	0.30-0.35
	0.35-0.36
	0.18
0.13
0.19
0.40-0.50
0.41
	Al-Hussaini and Al-Noman (2010)
Trianni et al. (2014)
BNBC (2017)
Rahman et al. (2020)
Haque et al. (2020)

	14
	Jammu
	0.12 
[IV]
	0.10-0.15
	0.30-0.35
	0.33-0.34
	0.17-0.22
0.35-0.55
	Jaisal et al. (2020)
Rao et al. (2020)

	15
	Thimphu
	
	0.25-0.30
	0.25-0.30
	0.35-0.37
	0.55-0.60
0.20-0.35
	Ghione et al. (2021)
Rao et al. (2020)

	16
	Kathmandu
	
	0.20-0.25
	0.45-0.5
	0.50-0.51
	0.51-0.55
0.75
0.35
0.52-0.57
0.08
	Ram and Wang (2013)
Chaulagain et al. (2015)
Rahman et al. (2018a)
Stevens et al. (2018)
Ramkrishnan et al. (2021)

	17
	Aizawl
	0.18 
[V]
	0.40-0.45
	0.50-0.55
	0.54-0.56
	0.35-0.55
0.15-0.20
	Rao et al. (2020)
Ghione et al. (2021)

	18
	Imphal
	0.18 
[V]
	0.40-0.45
	0.60-0.70
	0.68-0.69
	0.20-0.25
0.55-0.90
0.90-1.50
	Pallav et al. (2012)
Rao et al. (2020)
Ghione et al. (2021)

	19
	Shillong
	0.18 
[V]
	0.25-0.30
	0.60-0.70
	0.73-0.74
	0.35-0.55
0.16
0.40-0.45
	Rao et al. (2020)
Baro et al. (2020)
Ghione et al. (2021)

	20
	Gangtok
	0.12 
[IV]
	0.25-0.30
	0.30-0.35
	0.36-0.38
	0.43
0.35-0.55
0.55-0.60
0.08
	Rahman et al. (2018a)
Rao et al. (2020)
Ghione et al. (2021)
Ramkrishnan et al. (2021)

	21
	Agartala
	0.18 
[V]
	0.35-0.40
	0.25-0.30
	0.28-0.29
	0.20-0.35
	Rao et al. (2020)

	Table S3 Comparison of Peak Ground Acceleration (PGA) for 2% probability of exceedance in 50 years from various literatures and the present study

	Sl. No.
	City Name
	PGA(g) for 2% probability of exceedance in 50 years 

	
	
	Nath and Thingbaijam (2012)
	Present Study
	Other Studies
	Reference

	
	
	
	
	
	

	1
	Amritsar
	0.25-0.40
	0.40-0.42
	0.25-0.3
	Sitharam et al. (2015)

	2
	Bhubaneswar
	0.08-0.20
	0.17-0.19
	0.09-0.14
0.01
	Scaria et al. (2021)
Huded and Dash (2022)

	3
	Chandigarh
	0.35-0.70
	0.60-0.61
	0.24-0.4
	Puri and Jain (2018)

	4
	New Delhi
	0.25-0.50
	0.42-0.43
	0.22
0.51
0.00-0.64
0.32
0.12-0.37
0.18
	Iyengar and Ghosh (2004)
Sitharam et al. (2015)
Sarkar and Shanker (2017)
Gupta et al. (2021a)
Gupta et al. (2021b)
Ramkrishnan et al. (2021)

	5
	Guwahati
	0.70-1.30
	0.85-0.87
	0.78
0.83-0.93
	Bahuguna and Sil (2020)
Agrawal et al. (2021)

	6
	Kolkata
	0.16-0.30
	0.30-0.31
	0.23
	Sitharam et al. (2015)

	7
	Lucknow
	0.20-0.40
	0.42-0.43
	0.07-0.13
0.08
	Sitharam et al. (2013)
Ramkrishnan et al. (2021)

	8
	Ranchi
	0.30-0.40
	0.28-0.30
	0.09-0.14
	Scaria et al. (2021)

	9
	Patna
	0.25-0.40
	0.31-0.33
	0.05-0.44
0.3-0.38
0.08
	Anbazhagan et al. (2015)
Anbazhagan et al. (2019a)
Ramkrishnan et al. (2021)

	10
	Srinagar
	0.30-0.40
	0.58-0.60
	0.69-0.70
0.37-0.47        
0.08
	Sana (2019)
Jaisal et al. (2020)                                    
Ramkrishnan et al. (2021)

	11
	Varanasi
	0.30-0.40
	0.25-0.27
	0.03
	Raghucharan and Somala (2022)

	12
	Dhaka
	0.50-0.60
	0.39-0.40
	0.30-0.40
0.55
	Rahman et al. (2020)
Haque et al. (2020)

	13
	Chittagong
	0.70-0.80
	0.49-0.51
	0.9-1.0
0.84
	Rahman et al. (2020)
Haque et al. (2020)

	14
	Jammu
	0.60-0.70
	0.52-0.54
	0.27-0.37
	Jaisal et al. (2020)

	15
	Kathmandu
	0.90-1.00
	0.76-0.78
	1.00-1.07
0.66
0.81-0.90
1.00
0.18
	Ram and Wang (2013)
Chaulagain et al. (2015)
Rahman et al. (2018a)
Stevens et al. (2018)
Ramkrishnan et al. (2021)

	16
	Aizawl
	1.00-1.10
	0.72-0.73
	0.13-0.20
0.22-0.32
	Sil et al. (2013)
Agrawal et al. (2021)

	17
	Imphal
	1.30-1.40
	0.97-0.99
	0.3-1.1
0.14
0.32-0.42
	Pallav et al. (2012)
Das et al. (2016)
Agrawal et al. (2021)

	18
	Shillong
	1.40-1.50
	0.87-0.88
	0.24
0.73-0.83
	Baro et al. (2020)
Agrawal et al. (2021)

	19
	Gangtok
	0.60-0.70
	0.69-0.70
	0.62
0.18
	Rahman et al. (2018a)
Ramkrishnan et al. (2021)

	20
	Agartala
	0.50-0.60
	0.45-0.46
	0.20-0.27
0.42-0.52
	Sil et al. (2013)
Agrawal et al. (2021)









Table S4 Comparison of effective shear wave velocity (VS30) variation from various literatures and the present study
	Sl. No.
	Location
	VS30 (m/s)
Present study
	VS30 (m/s)
Other studies
	Reference

	1
	Amritsar
	257-370
	180-360
	Anbazhagan et al. (2019b)

	2
	New Delhi
	220-360
	230-350
270-565
	Satyam and Rao (2010)
Pandey et al. (2016)

	3
	Lucknow
	204-391
	230-470
	Anbazhagan et al. (2013b)

	4
	Patna
	198-356
	180-270
	Anbazhagan et al. (2019b)

	5
	Varanasi
	191-356
	180-360
221-692
	Anbazhagan et al. (2019b)
Singh et al. (2021)

	6
	Kolkata
	160-310
	119-359
	Nath et al. (2014)

	7
	Dhaka
	114-291
	127-320
	Rahman et al. (2018b)

	8
	Chittagong
	108-304
	123-420
	Rahman et al. (2016)

	9
	Jammu
	250-470
	340-390
	Mahajan et al. (2012)

	10
	Chandigarh
	180-360
	210-290
	Kandpal et al. (2009)

	11
	Kathmandu
	112-368
	366-490
148-298
	Chen et al. (2017)
Gautam and Chamlagain (2016)

	12
	Guwahati
	102-300
	180-760
	Kumar et al. (2018)

	13
	Aizawl
	320-620
	360-760
200-950
	Sil and Sitharam (2017)
Rao and Ramhmachhuani (2017)

	14
	Shillong
	248-760
	275-375
	Biswas et al. (2018)

	15
	Agartala
	120-240
	180-360
	Sil and Sitharam (2017)

	16
	Srinagar
	140-380
	<180-360
139-451
	Sana (2018)
Zahoor et al. (2021)



[image: ]
Fig. S3 Quartile plot for comparison of Absolute Site Amplification obtained from PLAXIS 2D and DEEPSOIL Analysis





Table S5 Comparison of Surface-consistent Probabilistic Peak Ground Acceleration (PGA) for 10% probability of exceedance in 50 years from various literatures and the present study

	Sl. No.
	City Name
	Surface-consistent PGA(g) for 10% probability of exceedance in 50 years 
	References

	
	
	Present Study
	Other Studies
	

	1
	Aizawl
	0.6-0.8
	0.60-0.70
	Sitharam et al. (2015)

	2
	Ambala
	0.20-0.40
	0.299
0.30-0.40
	Puri and Jain (2021)
Sitharam et al. (2015)

	3
	Chandigarh
	0.20-0.40
	0.20-0.30
0.30-0.40
	Puri and Jain (2018)
Sitharam et al. (2015)

	4
	Gangtok
	0.4-0.6
	0.70
	Sitharam et al. (2015)

	5
	Imphal
	0.8-1.0
	0.30-0.80
0.63
	Pallav et al. (2015)
Sitharam et al. (2015)

	6
	Itanagar
	0.4-0.6
	0.60-0.70
	Sitharam et al. (2015)

	7
	Kohima
	0.8-1.0
	0.60-0.70
	Sitharam et al. (2015)

	8
	Kolkata
	0.20-0.40
	0.17-0.25
0.30-0.40
0.39
	Nath et al. (2014)
Sitharam et al. (2015)
Maiti et al. (2017)

	9
	Lucknow
	0.20-0.40
	0.10-0.40
0.26-0.29
0.20-0.30
	Sitharam et al. (2013)
Nath et al. (2019)
Sitharam et al. (2015)

	10
	New Delhi
	0.2-0.4
	0.42
0.20
	Sitharam et al. (2015)
Iyenger and Ghosh (2004)

	11
	Panipat
	0.20-0.40
	0.145
0.20-0.30
	Puri and Jain (2021)
Sitharam et al. (2015)

	12
	Patna
	0.20-0.40
	0.22-0.24
0.20-0.30
	Nath et al. (2019)
Sitharam et al. (2015)

	13
	Srinagar
	0.8-1.0
	0.6-0.7
	Sitharam et al. (2015)

	14
	Varanasi
	0.05-0.20
	0.14-0.17
0.20-0.30
	Nath et al. (2019)
Sitharam et al. (2015)
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Fig. S4 Computational framework for liquefaction potential analysis of the region
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Fig. S5 Building typology classification based on hybrid Remote Sensing and Rapid Visual Screening (RVS) Processing
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Fig. S6 Building sub-classification protocol based on building height
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
Fig. S7 Rapid Visual Screening (RVS) survey for field and satellite imagery comparisons of existing building type and the height in selected urban centers
Table S6 Error matrix derived for the building typology
	 
	RVS based building typology
(Reference data)
	User’s

	
	
	Accuracy (%)

	Classified building typology
	
	W1
	A1
	RS2
	URMM
	URML
	C1L
	C1M
	C1H
	C3L
	C3M
	C3H
	HER
	Total
	

	
	W1
	3
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5
	60

	
	A1
	2
	15
	4
	0
	1
	0
	0
	0
	0
	0
	0
	0
	22
	68.18

	
	RS2
	1
	10
	70
	6
	0
	0
	0
	0
	0
	0
	0
	0
	87
	80.45

	
	URMM
	0
	5
	17
	100
	20
	0
	0
	0
	0
	0
	0
	0
	142
	70.42

	
	URML
	0
	0
	3
	43
	189
	8
	0
	0
	0
	0
	0
	0
	243
	77.77

	
	C1L
	0
	0
	0
	8
	21
	156
	4
	0
	0
	0
	0
	0
	189
	82.53

	
	C1M
	0
	0
	0
	0
	2
	31
	120
	9
	0
	0
	0
	0
	162
	74.07

	
	C1H
	0
	0
	0
	0
	0
	4
	15
	90
	0
	0
	0
	0
	109
	82.56

	
	C3L
	0
	0
	0
	0
	0
	0
	0
	10
	107
	2
	0
	0
	119
	89.91

	
	C3M
	0
	0
	0
	0
	0
	0
	0
	0
	7
	80
	22
	0
	109
	73.39

	
	C3H
	0
	0
	0
	0
	0
	0
	0
	0
	0
	7
	63
	0
	70
	90

	
	HER
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5
	5
	100

	
	Total
	6
	31
	95
	157
	233
	199
	139
	109
	114
	89
	85
	5
	1262
	 

	Producer’s Accuracy (%)
	50
	50
	74.47
	63.29
	81.47
	78.39
	86.33
	82.57
	93.86
	83.33
	76.83
	100
	 
	 

	Overall Accuracy (%)
	79.08



	Table S7 Error matrix derived for the building height

	Classified
Building Height
	RVS based Building Height
(Reference data)
	User’s
Accuracy (%)

	
	
	Houses
	Buildings
	Tall Buildings
	Multistoried Buildings
	Skyscrapers
	Total
	

	
	Houses
(1 Floor)
	205
	47
	0
	0
	0
	252
	81.34

	
	Buildings
(2-4 Floors)
	25
	149
	15
	0
	0
	189
	78.84

	
	Tall Buildings
(5-8 Floors)
	0
	5
	105
	23
	0
	133
	78.94

	
	Multistoried
Buildings
(9-10 Floors)
	0
	0
	15
	63
	0
	78
	80.76

	
	Skyscrapers
(>10 Floors)
	0
	0
	0
	0
	10
	   10
	100

	
	Total
	230
	201
	135
	86
	10
	
	

	Producer’s Accuracy (%)
	89.13
	74.13
	77.78
	73.26
	100
	
	

	Overall Accuracy (%)
	80.36



 Table S8 Different model building types used in the present study (adopted from FEMA 2000; WHE-PAGER 2008)
	Model Building Type
	Description
	Height
	Stories

	HER
	Heritage building
	
	

	C1L
	Ductile reinforced concrete frame with or without infill
	Low-Rise
	1 – 3

	C1M
	
	Mid-Rise
	4 - 6

	C1H
	
	High-Rise
	7+

	C3L
	Non-ductile reinforced concrete frame with masonry infill walls
	Low-Rise
	1 - 3

	C3M
	
	Mid-Rise
	4 - 6

	C3H
	
	High-Rise
	7+

	                A1
	Adobe Block, Mud Mortar, Wood Roof and Floors
	Low-Rise
	1-2

	W1
		Adobe block, wood roof and floors 



	Low-Rise
	1-2

	RS2
	Rubble stone masonry walls with timber frame and roof
	Low-Rise
	1-2

	URML
	Unreinforced masonry bearing wall
	Low-Rise
	1-3

	URMM
	
	Mid-Rise
	3+
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Fig. S8 Peak Ground Acceleration (PGA) with respect to fault distance for corresponding seismogenic sources for the Tectonic Provinces of (a) Kashmir Himalaya, (b) Northwest India including Nepal, (c) Indo-Gangetic Foredeep (Nath et al. 2019), (d) Bengal Basin including Bangladesh (Nath et al. 2014), (e) Darjeeling-Sikkim Himalaya and (f) Northeast India including Bhutan. The blue dots represent the simulated PGA; the red dots represent the estimated PGA from predicted NGA models of Atkinson and Boore (2006)
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Fig. S9 Representative Pseudo Spectral Acceleration (PSA) at 0.2sec (left), 0.3sec (middle) and 1.0sec (right) with respect to fault distance for seismogenic source zones of (a) Kashmir Himalaya, (b) Northwest India, (c) Indo-Gangetic Foredeep and (d) Northeast India (Shillong Zone). The green dots represent the simulated PSA and the red dots represent the estimated PSA from predicted NGA models of Atkinson and Boore (2006) for each seismogenic sources
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Fig. S10 Residuals of PGA with respect to fault distance for corresponding seismogenic sources for the Tectonic Provinces of (a) Kashmir Himalaya, (b) Northwest India, (c) Indo-Gangetic Foredeep (Nath et al. 2019), (d) Bengal Basin (Nath et al. 2014), (e) Darjeeling-Sikkim Himalaya and (f) Northeast India (Nath et al. 2009) considering NGA model of Atkinson and Boore (2006)
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Fig. S11 The intensity as a function of fault distance for the indicated earthquakes derived from the Ground Motion Prediction Equations for suitability testing of GMPEs for the Tectonic Provinces of (a) Kashmir Himalaya, (b) Northwest India, (c) Indo-Gangetic Foredeep (Nath et al. 2019), (d) Bengal Basin (Nath et al. 2014; Maiti et al. 2017), (e) Darjeeling-Sikkim Himalaya and (f) Northeast India
Table S9 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
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.1279
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.1408
	4
	0.27

	Sharma et al. (2012)
	2.1505
	3
	0.20

	Anbazhagan et al. (2013a)
	2.2669
	2
	0.13

	Raghukanth and Kavitha (2014)
	2.4501
	1
	0.07

	Northwest India Seismogenic Source regime

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.1020
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.1599
	4
	0.27

	Harbindu et al. (2014)
	2.2276
	3
	0.20

	Anbazhagan et al. (2013a)
	2.2561
	2
	0.13

	Raghukanth and Kavitha (2014)
	2.2733
	1
	0.07

	Hindu Kush Seismogenic Source regime

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.2503
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.2648
	4
	0.27

	Anbazhagan et al. (2013a)
	2.2791
	3
	0.20

	Raghukanth and Kavitha (2014)
	2.4293
	2
	0.13

	Youngs et al. (1997)
	2.6283
	1
	0.07



Table S10 The weights and ranks assigned to respective GMPEs based on the average LLH ranking in the three seismogenic source zones for Northwest India Tectonic Province
	Kashmir Himalaya Seismogenic Source regime

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.1279
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.1408
	4
	0.27

	Sharma et al. (2012)
	2.1505
	3
	0.20

	Anbazhagan et al. (2013a)
	2.2669
	2
	0.13

	Raghukanth and Kavitha (2014)
	2.4501
	1
	0.07

	Northwest India Seismogenic Source regime

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.1020
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.1599
	4
	0.27

	Harbindu et al. (2014)
	2.2276
	3
	0.20

	Anbazhagan et al. (2013a)
	2.2561
	2
	0.13

	Raghukanth and Kavitha (2014)
	2.2733
	1
	0.07

	Hindu Kush Seismogenic Source regime

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.2503
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.2648
	4
	0.27

	Anbazhagan et al. (2013a)
	2.2791
	3
	0.20

	Raghukanth and Kavitha (2014)
	2.4293
	2
	0.13

	Youngs et al. (1997)
	2.6283
	1
	0.07



Table S11 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
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.144
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.346
	4
	0.27

	NDMA (2010)
	2.386
	3
	0.20

	Abrahamson and Silva (2008)
	2.510
	2
	0.13

	Raghukanth and Kavitha (2014)
	2.511
	1
	0.07

	Central Himalaya Seismogenic Source

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.482
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.546
	4
	0.27

	Sharma et al. (2009)
	2.552 
	3
	0.20

	Anbazhagan et al. (2013a)
	2.577
	2
	0.13

	Chiou and Youngs (2008)
	2.892
	1
	0.07

	Central India Seismogenic Source

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.201
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.219
	4
	0.27

	Toro (2002)
	2.225
	3
	0.20

	NDMA (2010)
	2.303
	2
	0.13

	Raghukanth and Iyengar (2007)
	2.389
	1
	0.07



Table S12 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

	Campbell and Bozorgnia (2003); Present Study
	2.169
	4
	0.4

	Atkinson and Boore (2006); Present Study
	2.189
	3
	0.3

	Raghukanth and Iyengar (2007)
	2.368
	2
	0.2

	Toro (2002)
	2.397
	1
	0.1

	Northeast India Seismogenic Source regime

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.306
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.331
	4
	0.27

	Nath et al. (2012)
	2.370
	3
	0.20

	Campbell and Bozorgnia (2008)
	2.545
	2
	0.13

	Youngs et al. (1997)
	2.670
	1
	0.07

	East-Central Himalaya Seismogenic Source regime

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.264
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.296
	4
	0.27

	Toro (2002)
	2.371
	3
	0.20

	Sharma et al. (2009)
	2.412
	2
	0.13

	Campbell and Bozorgnia (2008)
	2.712
	1
	0.07



Table S13 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

	Campbell and Bozorgnia (2003); Present Study
	2.325
	15
	0.125

	Atkinson and Boore (2006); Present Study
	2.357
	14
	0.117

	Anbazhagan et al. (2013a)
	2.363
	13
	0.108

	Atkinson and Boore (2006)
	2.401
	12
	0.100

	Sharma et al. (2009)
	2.421
	11
	0.092

	Nath et al. (2012)
	2.436
	10
	0.083

	Akkar and Bommer (2010)
	2.434
	9
	0.075

	NDMA (2010)
	2.441
	8
	0.067

	Raghukanth and Kavitha (2014)
	2.476
	7
	0.058

	Lin and Lee (2008)
	2.483
	6
	0.050

	Toro (2002)
	2.552
	5
	0.042

	Campbell and Bozorgnia (2008)
	2.592
	4
	0.033

	Abrahamson and Silva (2008)
	2.652
	3
	0.025

	Chiou and Youngs (2008)
	2.742
	2
	0.017

	Zhao et al. (2006)
	2.987
	1
	0.008

	Reverse Fault

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.222
	15
	0.125

	Atkinson and Boore (2006); Present Study
	2.285
	14
	0.117

	Anbazhagan et al. (2013a)
	2.345
	13
	0.108

	Raghukanth and Kavitha (2014)
	2.389
	12
	0.100

	NDMA (2010)
	2.405
	11
	0.092

	Nath et al. (2012)
	2.495
	10
	0.083

	Toro (2002)
	2.496
	9
	0.075

	Lin and Lee (2008)
	2.497
	8
	0.067

	Atkinson and Boore (2006)
	2.504
	7
	0.058

	Sharma et al. (2009)
	2.536
	6
	0.050

	Akkar and Bommer (2010)
	2.636
	5
	0.042

	Chiou and Youngs (2008)
	2.657
	4
	0.033

	Abrahamson and Silva (2008)
	2.822
	3
	0.025

	Campbell and Bozorgnia (2008)
	2.977
	2
	0.017

	Zhao et al. (2006)
	3.078
	1
	0.008

	Normal Fault

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.037
	13
	0.143

	Atkinson and Boore (2006); Present Study
	2.206
	12
	0.132

	Anbazhagan et al. (2013a)
	2.218
	11
	0.121

	Raghukanth and Kavitha (2014)
	2.243
	10
	0.110

	NDMA (2010)
	2.315
	9
	0.099

	Toro (2002)
	2.322
	8
	0.088

	Akkar and Bommer (2010)
	2.357
	7
	0.077

	Lin and Lee (2008)
	2.412
	6
	0.066

	Chiou and Youngs (2008)
	2.433
	5
	0.055

	Zhao et al. (2006)
	2.539
	4
	0.044

	Atkinson and Boore (2006)
	2.547
	3
	0.033

	Abrahamson and Silva (2008)
	2.595
	2
	0.022

	Campbell and Bozorgnia (2008)
	2.652
	1
	0.011



Table S14 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

	Campbell and Bozorgnia (2003); Present Study
	2.168
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.236
	4
	0.27

	Anbazhagan et al. (2013a)
	2.268
	3
	0.20

	Nath et al. (2012)
	2.438
	2
	0.13

	Toro (2002)
	2.656
	1
	0.07

	Mishmi Block Seismogenic  Zone (MBZ)

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.243
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.333
	4
	0.27

	Nath et al. (2012)
	2.570 
	3
	0.20

	Youngs et al. (1997)
	2.573
	2
	0.13

	Gupta (2010)
	2.760
	1
	0.07

	Eastern Boundary Seismogenic Zone (EBZ)

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.369
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.370
	4
	0.27

	Singh et al. (2016)
	2.635
	3
	0.20

	Gupta (2010)
	2.712
	2
	0.13

	Youngs et al. (1997)
	2.786
	1
	0.07

	Shillong Seismogenic Zone (SHZ)

	Model
	LLH
	Rank
	Weight

	Campbell and Bozorgnia (2003); Present Study
	2.316
	5
	0.33

	Atkinson and Boore (2006); Present Study
	2.323
	4
	0.27

	Nath et al. (2012)
	2.425
	3
	0.20

	Youngs et al. (1997)
	2.705
	2
	0.13

	Singh et al. (2016)
	2.748
	1
	0.07



Table S15 Pairwise comparison matrix and normalized weights assigned to the GMPEs used for Northwest India seismogenic source zone

	Model
	Campbell and Bozorgnia (2003)
	Atkinson and Boore (2006)
	Harbindu et al. (2014)
	Anbazhagan et al. (2013a)
	Raghukanth and Kavitha (2014)
	Weight

	Campbell and Bozorgnia (2003)
	1
	5/4
	5/3
	5/2
	5/1
	0.33

	Atkinson and Boore (2006)
	4/5
	1
	4/3
	4/2
	4/1
	0.27

	Harbindu et al. (2014)
	3/5
	3/4
	1
	3/2
	3/1
	0.20

	Anbazhagan et al. (2013a)
	2/5
	2/4
	2/3
	1
	2/1
	0.13

	Raghukanth and Kavitha (2014)
	1/5
	1/4
	1/3
	1/2
	1
	0.07
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Address: Resham Ghar Colony, Jammu, Jammu
and Kashmir
Use: Governmental

GPS Co-ordinates:
32°43'51.0"N 74°51'26.4"E
No. of stories: 8

(a) Field photo

(b) Google Earth

Occupancy:

[ Assembly O Govt. [ Residential
[ Commercial [ Historic [ School
[ Emer. Service [] Industrial ] College
O Hospital [ Office

Max. no of persons:

0-10 10-50 50-100 >100

[ R O &=

*Building Type (FEMA, | W1 Al RS2
2000 & WHE-PAGER,
2008)

URM c1 c
URML ClL 3L
URMM Cim M
C1H C3H

HER

*W1-Adobe block, wood roof and floors; A1-Adobe Block, Mud Mortar, Wood Roof and Floors; RS2-Rubble stone masonry walls
with timber frame and roof; URML-Unreinforced masonry bearing wall low-rise; URMM-Unreinforced masonry bearing wall mid-
rise; C1L-Ductile reinforced concrete frame with or without infill low-rise; C1M-Ductile reinforced concrete frame with or
without infill mid-rise; C1H-Ductile reinforced concrete frame with or without infill high-rise; C3L-Non-ductile reinforced
concrete frame with masonry infill walls low-rise; C3M-Non-ductile reinforced concrete frame with masonry infill walls mid-rise;
C3H-Non-ductile reinforced concrete frame with masonry infill walls high-rise; HER-Heritage building





image79.tiff
Address: Sahibzada Ajit Singh Nagar, Bar Majra, | GPS Co-ordinates:
Chandigarh, Punjab 30°44'03.0"N 76°42'07.3"E

Use: Residential No. of stories: 25

(b) Gogle Earth

Occupancy: Max. no of persons:
[ Assembly O Govt. [ Residential | 0-10 10-50 50-100 >100
[ Commercial [ Historic [J School |:| |:| |:| |:|

[0 Emer. Service [] Industrial ] College

[ Hospital [ Office
*Building Type (FEMA,| W1 | A1 | RS2 URM c1 a3 HER
;ggg) &  WHE-PAGER, URML ciL c3L
URMM Cim c3m
C1H C3H

*W1-Adobe block, wood roof and floors; A1-Adobe Block, Mud Mortar, Wood Roof and Floors; RS2-Rubble stone masonry walls
with timber frame and roof; URML-Unreinforced masonry bearing wall low-rise; URMM-Unreinforced masonry bearing wall mid-
rise; C1L-Ductile reinforced concrete frame with or without infill low-rise; CLM-Ductile reinforced concrete frame with or
without infill mid-rise; C1H-Ductile reinforced concrete frame with or without infill high-rise; C3L-Non-ductile reinforced
concrete frame with masonry infill walls low-rise; C3M-Non-ductile reinforced concrete frame with masonry infill walls mid-rise;
C3H-Non-ductile reinforced concrete frame with masonry infill walls high-rise; HER-Heritage building
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Address: Prasanti Vihar, Patia, Bhubaneswar,
Odisha
Use: Residential

GPS Co-ordinates:
20°21'52.7"N 85°49'12.4"E

No. of stories: 5

(a) Field photo

(b) Google Earth

Occupancy:

[ Assembly O Govt. [ Residential
[ Commercial [ Historic [ School
[ Emer. Service [J Industrial [ College
[ Hospital [ Office

Max. no of persons:
0-10 10-50

[ I

50-100

O

“Building Type (FEMA,| W1 | A1 | RS2
2000 & WHE-PAGER,
2008)

HER

URM C1 c3

URML CiL Cc3L
URMM Cim M
ClH C3H

*W1-Adobe block, wood roof and floors; Al-Adobe Block, Mud Mortar, Wood Roof and Floors; RS2-Rubble stone masonry walls
with timber frame and roof; URML-Unreinforced masonry bearing wall low-rise; URMM-Unreinforced masonry bearing wall mid-
rise; C1L-Ductile reinforced concrete frame with or without infill low-rise; CIM-Ductile reinforced concrete frame with or
without infill mid-rise; C1H-Ductile reinforced concrete frame with or without infill high-rise; C3L-Non-ductile reinforced
concrete frame with masonry infill walls low-rise; C3M-Non-ductile reinforced concrete frame with masonry infill walls mid-rise;
C3H-Non-ductile reinforced concrete frame with masonry infill walls high-rise; HER-Heritage building
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Address: Balaji Nagar, Bhagwanpur, Varanasi,
Uttar Pradesh
Use: Commercial

GPS Co-ordinates:
25°16'31.3"N 83°00'26.5"E

No. of stories: 7

(a) Field photo

(b) Google Earth

Occupancy:

[ Assembly O Govt. [ Residential
O Commercial [ Historic [ School
[0 Emer. Service [] Industrial ] College
[ Hospital [ Office

Max. no of persons:
0-10 10-50

[

50-100

O

>100

O

“Building Type (FEMA,| W1 | A1 | RS2
2000 & WHE-PAGER,
2008)

HER

URM C1 c3
URML CiL C3L
URMM ciM M
C1H C3H

*W1-Adobe block, wood roof and floors; Al-Adobe Block, Mud Mortar, Wood Roof and Floors; RS2-Rubble stone masonry walls
with timber frame and roof; URML-Unreinforced masonry bearing wall low-rise; URMM-Unreinforced masonry bearing wall mid-
rise; C1L-Ductile reinforced concrete frame with or without infill low-rise; CIM-Ductile reinforced concrete frame with or
without infill mid-rise; C1H-Ductile reinforced concrete frame with or without infill high-rise; C3L-Non-ductile reinforced
concrete frame with masonry infill walls low-rise; C3M-Non-ductile reinforced concrete frame with masonry infill walls mid-rise;
C3H-Non-ductile reinforced concrete frame with masonry infill walls high-rise; HER-Heritage building
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Address: KC Rd, Chatribari, Guwahati, Assam

Use: Educational

GPS Co-ordinates:
26°10'29.2"N 91°44'38.2"E

No. of stories: 3

(a) Field photo

(b) Google Earth

Occupancy:

[ Assembly O Govt. [ Residential
[ Commercial [ Historic [ School
[0 Emer. Service [J Industrial [J College
[ Hospital [ Office

Max. no of persons:

0-10 10-50

[

50-100

O

>100

O

*Building Type (FEMA,| W1 | Al | RS2
2000 & WHE-PAGER,
2008)

HER

URM C1 c3
URML CiL C3L
URMM Cim [ec]\V}
C1H C3H

*W1-Adobe block, wood roof and floors; A1-Adobe Block, Mud Mortar, Wood Roof and Floors; RS2-Rubble stone masonry walls
with timber frame and roof; URML-Unreinforced masonry bearing wall low-rise; URMM-Unreinforced masonry bearing wall mid-
rise; ClL-Ductile reinforced concrete frame with or without infill low-rise; CIM-Ductile reinforced concrete frame with or
without infill mid-rise; C1H-Ductile reinforced concrete frame with or without infill high-rise; C3L-Non-ductile reinforced
concrete frame with masonry infill walls low-rise; C3M-Non-ductile reinforced concrete frame with masonry infill walls mid-rise;
C3H-Non-ductile reinforced concrete frame with masonry infill walls high-rise; HER-Heritage building
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(e) Darjeeling-Sikkim Himalaya Tectonic Province:
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(e) Darjeeling-Sikkim Himalaya Tectonic Province:
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