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Abstract

The information required to develop probabilistic seismic hazard maps includes the seismic source zones, the stochastic 

earthquake occurrence modeling, and ground motion models.  The use of delineated source models and probabilistic 

seismic hazard assessment is well-known.  Other available approaches include the use of a spatially smoothed source 

model.  The present study is focused on the evaluation of probabilistic seismic hazard analysis for mainland China.  For 

the assessment, the adaptive kernel smoothing technique is employed to define the source model by considering the 

historical seismic catalog, and a set of newly developed ground motion model is applied.  Some of the obtained 

probabilistic seismic hazard maps are compared to the new 5th-generation seismic hazard maps for mainland China, and 

site-dependent uniform hazard spectra are developed. 

Keywords: Probabilistic analysis, seismic hazard, adaptive kernel smoothing, mainland China, uniform hazard spectra. 

.
1c-0023

The 17th World Conference on Earthquake Engineering

© The 17th World Conference on Earthquake Engineering - 1c-0023 -



17th World Conference on Earthquake Engineering, 17WCEE 

Sendai, Japan - September 13th to 18th 2020 

  

2 

1. Introduction 

The seismic source model, magnitude-recurrence relation, and the ground motion models (GMMs) are the 

necessary input required for the probabilistic seismic hazard assessment (PSHA). The approach developed by 

[1] and [2] that is based on the delineated seismic source zones is most frequently used for the PSHA.  Other 

approaches in defining the source models ([3] to [6]) are also considered for PSHA.  One of the main 

differences among these approaches is the degree of spatial smoothing of historical seismicity used to define 

the seismic source model.  The most up to date version (i.e., the 5th-generation) Chinese seismic hazard map 

(CSHM) is based on the delineated source model [7].  The use of the kernel smoothing approach proposed in 

[6] was also considered in [8] to estimate the seismic hazard for selected regions in China. 

 For the development of the 5th-generation CSHM, the GMMs in terms of PGA and PGV were used.  

These models were developed in [9] (hereafter referred to as YLX13) for Eastern seismic region (ER), Median 

seismic region (MR), Xinjiang seismic region (XR) and Tibet seismic region (TR) that covering mainland 

China.  The development was based on the projection method [10].  To overcome the lack of applicable GMMs 

in terms of spectral acceleration (SA), [11] developed the GMMs (BSSA14-P) for mainland China (i.e., a 

target region) based on the projection method and the GMMs given in [12] (hereafter BSSA14).  The use of 

these GMMs indicates that the design spectrum implemented in Chinses structural design code may be too 

conservative for structures having long periods. 

 In the present study, the adaptive kernel smoothing technique is used for the development of the spatially 

smoothed seismic source models for mainland China, and sets of GMMs that are applicable to regions of China 

are developed based on projection method and NGA-west2 GMMs ([13] to [20]) (referred to as ASK14, CB14, 

CY14, and IM14).  The developed spatially smoothed seismic source model and the GMMs are used to carry 

out PSHA for mainland China.  The obtained results are compared with those reported in the 5th-generation 

CSHM. 

 

2. Development of spatially smoothed seismic source models 

The historical Chinese earthquake catalog given in [21] and in China earthquake data center (CEDC) 

(http://data.earthquake.cn/) are considered.  The catalog in [21] contains incomplete destructive historical 

earthquake events that occurred from 1831 BC to 1969 AD.  The epicentral locations of the events are shown 

in Fig 1.  Based on cluster analysis, source regions covering mainland China are proposed and also shown in 

Fig. 1.  The model consists of nine seismic regions.  The assigned maximum magnitude (Msmax) is shown in 

Fig. 1.  The Msmax is considered as the maximum of a) the overall maximum magnitude given by Gao et al. 

(2015) for the seismic source regions and b) the observed maximum magnitude from the historical seismic 

events plus a tolerance which is set equal to 0.1. 

 The observation period for the historical earthquake events with different magnitude intervals in the 

catalog varies.  A completeness analysis is carried out using the approach given by [22].  From the analysis, 

the starting time TC,i for events with Ms greater than Msmin,i and occurred before the most present time for the 

catalog, TF, is evaluated.  This results in the p-th quantile of the period of observation for events with Ms greater 

than Msmin,i , , , ,C i p F C i p
T T T = −  to be identified, where , ,C i p

T  denotes the p-th quantile of TC,.  The estimated 

, ,C i p
T  for p = 0.5 for the considered nine seismic regions are shown in Fig. 2 for considered Msmin, i. 

 Taking into account the obtained , ,C i p
T  for the considered seismic regions, and applying the adaptive 

procedure ([24] to [27]) the seismicity model is developed.  The procedure consists of the following steps:  

1) Smooth the occurrence of the j-th seismic event in space using the following kernel function ([6] and [28]), 
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where s is a point in space, sj denote the j-th event with magnitude Msj, 1 = 1.8, and ( ) ( )s 1 2 sexpj jH M b b M=  

is the bandwidth function with model parameters b1 and b2 that are estimated using the completed catalog [29].  

This leads to the pilot estimate of the annual occurrence rate for a site or a cell sk, k = 1, …, nc, with magnitude 

greater than Ms, ( , )c s kM s , given by, 
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where nE is the total number of events. 

 

 

Fig. 1 – Left: Epicentral location and Ms of earthquake events in the employed earthquake catalog; Right: 

nine seismic regions based on cluster analysis from [23]. The maximum magnitude for each seismic region is 

shown in the bracket. 

 

   

Fig. 2 – Estimated Tc,i,p for nine seismic regions for p = 0.5 and Msmin,i = Ms shown in the horizontal axis. 
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2) Estimate the local bandwidth for a site or a cell sk, k = 1, …, nc, c(sk) as a function of Ms, 
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where 2 is a model parameter that is considered equal to 0.5 (Silverman 1986). 

3) Calculate the rate using the adaptive kernel, 
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 Following the above procedure, the , (4)c k is estimated based on the obtained completed earthquake 

catalog with p = 0.5, for comparison purpose, the , (4)c k  estimated by [23] based on the fixed kernel 

smoothing is also shown in Fig. 3, it is found that the estimated , (4)c k  based on the two smoothing 

approaches is similar.  The magnitude-recurrence relations based on the smoothed seismic source model given 

in Fig. 3 for the selected sites are shown in Fig. 4.  Again, the magnitude-recurrence relationships obtained 

based on the fixed kernel smoothing and adaptive kernel smoothing are similar. 

 

  
Fig. 3 – Developed spatially smoothed seismic source model based on -Left: using the fixed kernel 

smoothing approach and -Right: using the adaptive kernel smoothing approach.  

 

 
Fig. 4 – Magnitude-recurrence relation based on the fixed kernel smoothing method (FKM) and adaptive 

kernel smoothing method (AKM).  
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3. Newly developed GMMs employed for seismic hazard mapping 

The newly developed GMMs are established based on the projection method [10], the IPEs used in [11], and 

the GMMs for the reference region, namely ASK14, CB14, CY14, and IM14.  The corresponding projected 

GMMs are referred to as ASK14-P, CB14-P, CY14-P and IM14-P, respectively.  These GMMs are given as 

functions of Repi and Ms.  A plot for the developed projected GMMs together with the BSSA14-P and YLX13-

G, representing the geometric mean of YLX13, is given in Fig. 5 for reference site class (i.e., Site Class II) 

[30].  Since YLX13, as well as YLX13-G, are given for Site Class I1 defined according to [30], a conversion 

factor for between different site classes suggested in [7] is employed.  For comparison purposes, the GMMs 

considered for the reference region are also shown in the figure.   

 

 It is found that the ASK14, BSSA14, CB14, and CY14 are similar for the considered magnitude and 

distance range, while a relatively larger difference is observed for IM14 with Repi < 20km, Ms = 8 as compared 

to ASK14, BSSA14, CB14 and CY14.  The median predicted PGA given by YLX13-G is larger than that from 

the newly projected GMMs for Repi ≤ 100 km, except for IM14-P, while the trend is reversed for Repi > 100 km.  

Ms = 5 and 7 are used for MR because the maximum magnitude applicable for MR is 7 ([7] and [9]). 

 

 

 

Fig.5 – Comparison for the newly projected GMMs with YLX13 and the NGA-West2 GMMs for Site class 

II [30].  

4. Estimated seismic hazard for selected sites  

The seismic hazard for a few chosen sites is estimated by using the spatially smoothed seismic source model 

.
1c-0023

The 17th World Conference on Earthquake Engineering

© The 17th World Conference on Earthquake Engineering - 1c-0023 -



17th World Conference on Earthquake Engineering, 17WCEE 

Sendai, Japan - September 13th to 18th 2020 

  

6 

that is obtained using the adaptive kernel, and ASK14-P, BSSA14-P, CB14-P, and CY14-P.  IM14-P is not 

used since it is not applicable to a large epicentral distance.  The considered GMMs are equally weighted for 

PSHA.  The estimated PGA with 63%, 10%, and 2% exceedance probability in 50 years (PE = 63%, 10%, and 

2%) are listed in Table 1 for site class II [30].  For comparison purposes, the PGA values that are estimated 

based on the fixed kernel smoothing approach (Feng et al. 2019) and the PGA values for PE = 10% that were 

reported by the 5th-generation CSHM are also included in the table.  The table indicates that the estimated 

seismic hazard is comparable to that given in the 5th-generation CSHM.  However, such an agreement is not 

consistent for all the listed sites in Table 1.  In fact, the differences can be as high as 75%.  Such a large 

discrepancy is attributed to the use of different GMMs but most importantly to the seismic source models (i.e., 

delineated versus spatially smoothed models). 

 

Table 1 – Estimated seismic hazard for the selected sites (FKM = fixed kernel smoothing method, AKM = 

adaptive kernel smoothing method) 

  Case for PE = 63% Case for PE = 10% Case for PE = 2% 

City (Lat °, Lon °) FKM AKM CSHM FKM AKM FKM AKM 

Changchun (44.0°,125.5°) 0.04 0.04 0.10 0.14 0.13 0.26 0.25 

Changsha (28.0°,112.5°) 0.01 0.02 0.05 0.08 0.08 0.17 0.17 

Beijing (40.0°,116.5°) 0.07 0.08 0.20 0.23 0.25 0.41 0.45 

Shanghai (31.5°,121.5°) 0.04 0.04 0.10 0.15 0.14 0.29 0.28 

Shenzhen (22.5°,114.0°) 0.04 0.05 0.10 0.16 0.19 0.31 0.35 

Zhengzhou (34.5°,113.5°) 0.04 0.04 0.15 0.15 0.15 0.29 0.29 

Urumqi (43.5°,87.5°) 0.15 0.14 0.20 0.35 0.33 0.57 0.54 

Yining (43.5°,81.0°) 0.08 0.08 0.20 0.21 0.21 0.37 0.36 

Lhasa (29.5°,91.0°) 0.11 0.11 0.20 0.29 0.29 0.50 0.51 

Tianjin (39.0°,117.0°) 0.06 0.06 0.20 0.19 0.19 0.35 0.36 

 

 The comparison shows that the estimated PGA for PE = 63%, 10% and 2% for the chosen sites are 

similar by using the fixed kernel smoothing and adaptive kernel smoothing approaches.  The estimated PGA 

values for PE = 10% are comparable to those given by the 5th-generation CHSM.  In general, the ratio of 2475-

year return period value of PGA to that of 475-year return period value and to that of 50-year return period 

value varies spatially, with an average about 2 and 6 times, respectively. 

The obtained seismic hazard maps in terms of PGA for PE = 10% and Site class II are shown in Fig. 6 

by adopting the fixed and adaptive kernel soothing techniques.  The two spatial trends of the maps presented 

in the figures are very similar.  The obtained normalized UHS for three selected sites with PE = 63% 10% and 

2% are given in Fig. 7 and are compared with the normalized design spectra given in [30].  It is found that the 

normalized UHS based on the fixed kernel smoothing and adaptive kernel smoothing approach are almost the 

same.  The value of the normalized UHS is lower than that of the normalized design spectrum for most 

vibration periods, except for the vibration period within 0.1 and 0.2 s in some cases.  This suggests that the 

normalized design spectrum given in the structural design code [30] may be too conservative.  
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Fig.6 – Seismic hazard map PGA for PE = 10%: Left: using the fixed kernel smoothing approach and -Right: 

using the adaptive kernel smoothing approach.  

 

   

   

   
Fig.7 – Normalized UHS for three chosen sites. 

 

3. Conclusions  

Completeness analysis is carried out for the historical earthquake catalog of China.  The fixed and adaptive 

kernel smoothing approaches are used to develop the spatially smoothed seismic source models.  Using these 

smoothed seismic source models and a set of newly projected GMMs applicable to regions in China, PSHA is 
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carried out.  

For a few chosen sites, the estimated hazard by using the fixed and adaptive kernel smoothing techniques 

are presented.  The estimated values are compared with those reported in the 5th-generation of CSHM.  The 

comparison indicates that the estimated hazard is close to that given by CSHM for some of the chosen sites, 

while for others, the difference is not negligible.  The results also indicate that the use of the fixed or the 

adaptive kernel smoothing method leads to comparable estimated seismic hazard maps, at least in terms of 

spatial trends.   A comparison between the normalized UHS and normalized design spectrum given in the code 

indicates that the code suggested normalized design spectrum is conservative, except for structure with the 

vibration within about 0.1 to 0.2 s.  Therefore, a possible improvement could be achieved if the developed 

UHS is used as a guide to suggest a new design spectrum. 
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