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ABSTRACT:  In 1679, Beijing was directly hit by a magnitude 8 earthquake -the Sanhe-Pinggu earthquake, one of 
the largest historic earthquakes in eastern China.  In this study, we investigated the potential economic impact of a 
similar earthquake hitting the capital region. We developed an earthquake loss estimation model with ground 
motion intensity calculation and building vulnerability functions specifically calibrated for northeastern China. We 
use this model to study the effects of rupture scenarios that account for the variation in rupture source parameters 
and ground motion uncertainties on regional loss distributions. The results show that a repeat of a Sanhe-Pinggu 
type event near the capital region could cause property damage of over 900 billion Yuan. This is equivalent to about 
28% of the total GDP of the five provincial municipalities affected by the event, or 4% the national GDP in 2006. 

KEYWORDS: Earthquake Loss, 1679 Sanhe-Pinggu earthquake, China 

1. INTRODUCTION 
A catastrophic event such as an earthquake or typhoon can disrupt a nation’s economic and social activity, change 
business practices and may even affect government regulations. In 1992, Hurricane Andrew caused11 financial 
institutions in the United States to become insolvent.  This event has changed the way insurance and reinsurance 
companies assess their business by relying on more quantitative catastrophe (CAT) models. On September 11, 
2001, the terrorist attack in New York caused unprecedented economic losses and social impact from a man-made 
catastrophic event. This event eventually lead several major US airlines into bankruptcy, and triggered a significant 
economic downturn in the United States, and consequently many other nations..  

While natural disasters cannot be avoided, there are ways to minimize losses and impact, increase the awareness of 
the risks involved. One of the most effective ways to lessen the impact of natural disasters on people and property is 
through risk assessment and mitigation.   A realistic assessment of the vulnerability and potential economic impact 
from a catastrophic event can help a government prepare for large scale catastrophic events by improving building 
safety, increasing public awareness, regulate businesses to use proper risk management and transfer tools to 
minimize loss and avoid an economic downturn.   

The main purpose of this study is to assess the scale of direct economic loss due to a potential large earthquake 
similar to the Sanhe-Pingggu earthquake of 1679 that occurred near Beijing. We assess the economic impact based 
on property loss.  Uncertainty in the estimated loss due to location, source parameter variation, and ground motion 
uncertainty is evaluated in the context of local geologic and tectonic environment.  

An earthquake loss estimation model typically includes the following basic components: a hazard component that 
defines the seismic source and calculates ground motion (field); an engineering component that estimates 
vulnerability of various types of structures; an exposure component that establishes the building stock at all sites 
affected by the event; and an economic component that defines policy terms and risk transfer structures for insured 
properties (only needed if the interest is on insured loss). HAZUS is one of the earthquake loss estimation models 
widely used in the United States to estimate scenario losses for future or historic events (e.g. Zoback et al., 2003; 
NYCEM, 2003). The damage functions in HAZUS are calibrated to the characteristics of US buildings. So are the 
ground motion calculation equations. Since the predominant building types and vulnerability characteristics in 
China are quite unique, in order to develop a realistic loss estimation model applicable to China, it is necessary to 
develop damage functions that are specifically calibrated to characteristics of local buildings.  Similarly, the ground 
motion calculation module should also be tuned to attenuation characteristics of the local crustal or subsurface 
geological environments. In this study we use an earthquake loss estimation model with all the main components 
specifically calibrated for China. In the following subsections, we first briefly describe how each of the components 
is modeled. Then we present the results followed with a discussion on the estimated uncertainty and significance of 
economic impact. 

2. SEISMOTECTONIC SETTINGS AND THE SOURCE PARAMETER OF THE 1679 EARTHQUAKE 
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2.1 The 1679 Earthquake 

The September 2, 1679, earthquake occurred in Pinggu county of the Beijing municipality, and the Sanhe county of 
Hebei province, about 40 km east of Beijing. The magnitude of this event is estimated at 8 from intensity data (GU, 
1983). It is the largest known historic earthquake near Beijing. This event flattened several towns and villages in the 
epicentral area and killed more than 45,000 people. Historic records (annals) from 165 counties documented this 
event, indicating that it impacted an area of over 10,000 square km. Many structures in the Forbidden City in 
central Beijing, about 50 km from the epicenter, suffered severe damage. 

This earthquake occurred along the Xiadianxing or Mafang-Xiadian fault, a hidden fault mostly buried under loose 
Quaternary sediment (Figure 1). Except for the 10 km surface break created by the earthquake, the Mafang-Xiadian 
fault cannot be traced at the surface; it is only inferable from subsurface geological (drilling) and geophysical 
(seismic survey) data (Xu et al., 2002). The total length of the Mafang-Xiadian fault is about 120 km and its slip 
rate is inferred to be 0.45 mm/yr (Xu et al., 2002). Because of the slow deformation rate, the probability of such a 
large earthquake to reoccur along this same fault in the near future should be very low.  However, the active 
tectonic zone – the North China seismic belt where the Mafang-Xiadian fault and Beijing are located –has a series 
of active faults similar to the Mafang-Xiadian fault that could be the source of potential large earthquakes (Figure 
1). The Tangshan fault is another active fault about 100 km east of the Mafang-Xiadian fault in this seismic belt that 
generated the Ms 7.8 Tangshan earthquake in 1976. Hence the threat from such an earthquake is not unrealistic. The 
regional tectonics and historic seismicity described in the next section may further demonstrate this potential.   

 

Figure 1 Epicenter and surface rupture of the 1679 earthquake and local active strucutres 

 2.2 Tectonic Settings 

Beijing is located within the north China tectonic province (tectonic block), which is the northern part of the Amur 
plate. As a tectonic plate, the Amur plate is considered to be relatively rigid (Heki et al., 1999). However there is 
significant internal deformation within the Amur plate, especially within the north China tectonic province, as 
evidenced by the repeat occurrence of large to great historic earthquakes and the development of graben-horst or 
basin-range structure in the region in Cenozoic time. Several distinctive active fault belts exist within this North 
China tectonic province that has hosted all the major historic seismic activity: the active fault belt surrounding the 
Ordos fault block in the west, the Tan-Lu fault system in the east, and the North China plain between the Tan-Lu 
fault system and Taihang-Wutai Mountain fault block (Figure 2).  

The Ordos fault block is a relatively rigid block that experiencing little deformation in the Cenozoic time. It is 
surrounded by a series of fault-bounded basins on the north (the Hetao-Linhe fault basin), the south (the Weihe fault 

Mafang-
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Basin), and the east (the Shanxi rift system). The 1303 Hongtong and 1556 Huaxian earthquakes, both of magnitude 
8, all occurred in this seismic belt.  

 

Figure 2 Regional tectonic setting of Beijing – the North China tectonic province. 

The Tan-Lu fault zone is the largest active fault system in eastern China. It is a right-lateral fault system with slip 
rates of 1-3 mm/yr in late Quaternary (Deng, 2003). The 1668 M8.5 earthquake occurred along this fault.  

The North China plain is composed of a series of Cenozoic basin and range or horsts and grabens separated by 
normal faults. Most of these horst and graben structures were formed in the Paleogene time. During the Neogence 
and Quaternary periods the region subsided as a whole, with thick deposits covering the horst-graben structure, 
eliminating any surface expression. As a result, most of the seismogenic faults are buried or hidden under the thick 
Quaternary cover. Recent seismic activity such as  the 1679 M8 and 1976 M7.5 Tangshan earthquakes all occurred 
on faults that along the Cenozoic basins and are a result of the reactivity of these existing Cenozoic faults under 
NEE – SWW compressive regional stress field (Xu et al., 1992).  

2.3. Source Parameters of the 1679 Event 

The September 2, 1679, earthquake occurred about 40 km east of Beijing along the Xiadianxing or Mafang-Xiadian 
fault. This fault is oriented about N50E with a high dip angle of 50°-70°, dipping southeastward (Figure 1).   The 
thickness of Quaternary deposits on the two sides of the fault differ by about 200 to 400 meters, suggesting that this 
fault may have been active in the Quaternary time with a significant dip-slip component. However there is no 
surface expression for this fault other than a 10 km long surface break caused by the 1679 earthquake (Xiang et al., 
1988). The 10 km coseismic rupture at the ground is probably not representative of the seismic source for the event. 
Worldwide statistical data show that a magnitude 8 earthquake should have a length of about130 km for normal 
faulting events, or 245 km for strike-slip faulting events (Wells & Coppersmith, 1992). The short length of the 
coseismic break at the surface indicates that only a small portion of the coseismic rupture broke the surface. The 
main part of coseismic rupture is buried under the loose deposits and did not reach to the ground. Due to the hidden 
nature of this seismogenic fault, the source parameters for this earthquake are therefore quite uncertain. The main 
uncertainty probably lies in the rupture length and magnitude, and as stated earlier, the length of surface rupture 
probably significantly underestimates the rupture dimension of the event. However, the total length of the source 
fault is about 100 to 120 km (Xu et al., 2002; Gao et al., 1993).  Therefore a possible length of the rupture should be 
larger than 10 km but less than 120 km. Given the size of the earthquake, the length would most likely exceed 50 
km. We use three lengths - 60 km, 90 km, and 120 km, to represent the range of rupture length for this event. The 
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60 km length represents the northern segment of the Mafang-Xiadian fault.  This segment extends from north of 
Pinggu in the northeast to south of Tongxian for about 60 km where it intercepts with a NW-SE striking fault 
(Figure 1). The southward extension of this fault is debatable and there could be an offset between this segment and 
the segment further to the southwest. This segment also crosses the three counties in the epicentral area that had the 
heaviest damage in 1679. The 120 km length represents the maximum extension of this seismogenic fault and the 
90 km length is an intermediate value between the two. 

The magnitude of this event was estimated based on seismic intensity inferred from historic records.  There is a 
great deal of uncertainty in estimating pre-instrumental earthquake magnitude  because of the semi-quantitative 
nature of seismic intensity, and the subjectivity in assigning a seismic intensity based on descriptions in damage or 
felt reports. This event occurred about 100 km west of the 1976 Mw 7.5 Tangshan earthquake.  Both this event and 
the 1976 Tangshan earthquake occurred in the same tectonic province with similar geological and tectonic 
environments. The 1976 Tangshan earthquake generated an 8-km long surface rupture, and the total rupture length 
of Tangshan earthquake is estimated to range from 48 km to 100 km (Xie & Yao, 1991; Kanamori & Allen, 1986; 
Huang & Yeh, 1997). The scale of the rupture from the 1679 earthquake is slightly larger than that of the 1976 
earthquake both in terms of source length and surface rupture, indicating that the 1679 event could have a larger 
total coseismic slip. Given that the total length of the Mafang-Xiadian fault is comparable to the Tangshan fault 
responsible for the 1976 earthquake, if we assume that the average coseismic slip of the 1679 earthquake is twice 
the maximum coseismic slip (4.5 m) of the Tangshan earthquake obtained by different studies (Xie & Yao, 1991; 
Huang & Yeh, 1997), the magnitude of the 1679 could be as low as 7.67. We assume that this is the lower limit for 
the magnitude of the 1679 earthquake. For the upper bound limit, we use 8.0, which is also the upper bound 
magnitude for the entire North China tectonic province recommended in various studies (Xu et al., 2002). Table 1 
summarizes the range of source parameters that we use for loss calculation purposes. 

Table 1 Source parameter variation for the 1679 Sanhe-Pinggu earthquake 

Parameter Range 

Length(m) 50, 90, 120 

Width(m) 20, 25 

Magnitude(Mw) 7.6, 7.8, 8.0 

Dip 78 

 

3. GROUND MOTION 
 

Because there are very limited strong motion data available in China, empirical ground motion attenuation 
relationships developed based on local strong motion data are not available for this region. However a great deal of 
historic intensity data (maps) have been published and used to develop empirical intensity attenuation functions 
(State Seismological Bureau of China, 1990). Several recent studies (e.g. Hu & Zhang, 1984; Huo & Hu (1992) 
have used intensity data in China combined with strong motion data in the western US and China to develop 
attenuation equations for four different regions of China. The 2001 national seismic hazard map of China took a 
such an approach to develop region-dependent attenuation functions for the probabilistic hazard calculations. Huo 
& Hu (1992)’s result shows that attenuation is faster in southwest and southeast China than in northwest and 
northeast China. This difference is mainly influenced by differences in intensity attenuation relations in the four 
regions.  

Since our loss calculation model use spectra accelerations, whereas Huo & Hu (1992) have only provided PGA 
attenuation functions, we used a slightly different approach to calculate the ground motion for this event. A 
comparison of Huo & Hu’s attenuation relations with the attenuation equations for western US (WUS) 
recommended by USGS (Frankel et al., 1996) shows that, for earthquakes whose magnitudes are larger than 6.5, 
Huo & Hu’s attenuation equation for northeast China gives consistently higher PGA than the WUS attenuation 
equations at distances of under100 km. A weighted combination of WUS and central and eastern US (CEUS) 
attenuation functions used by the USGS can provide a good match to the result of Huo and Hu as well as the 
available strong motion data. The weighting factors that best match Huo and Hu’s results would need to be 
magnitude-dependent.  For events with magnitudes larger than 7, an equal weighting for the two sets of attenuation 
equations of WUS and CEUS provide reasonable matches to the observed data from the 1976 Tangshan earthquake 
and the results of Huo and Hu (1992) (Figure 3). We calculated seismic intensity from the calculated ground 
motions using the conversion equations of Kaka and Atkinson (2004) for comparison with the observed intensity 
field of historic earthquakes as a calibration process for determining the weighting factors. For the few significant 
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displacement (Sd) plane, their intersection corresponds approximately to the maximum displacement of the building 
in response to the ground motion (Figure 4). 

 

 

Figure 4 Capacity Spectrum Method 

The development of deformation-based damage functions is relatively easy and straightforward. The relation 
between building deformation and damage is well documented in literature. For the several common type of 
buildings in China (confined masonry, unreinforced masonry, and mid to low-rise reinforced concrete buildings), 
we have used data from several historic earthquakes (such as the 1978 Tangshan, 1992 Lijian earthquakes etc) to 
calibrate our damage functions.  For modern engineered structures, especially those mid to high- rise RC and steel 
buildings, we rely on historic data from recent significant earthquakes in other regions such as Taiwan (the 1999 Ji-
Ji earthquake) and Japan (the 1995 Kobe earthquake), combined with published experimental studies to develop our 
damage functions. There is a total of 27 basic damage functions for 27 different type of structures representative in 
the Chinese building inventories.   

The mean damage values of the basic damage functions are further adjusted to account for building age, region 
variations in design and construction practice, etc. The final damage functions are calibrated using damage data 
from significant historic earthquakes that have occurred in the last 50 years in China. 

5. EXPOSURE  
 
Before one can estimate the potential loss of an earthquake, we must first know the total value of the building stock 
exposed to the earthquake. In order to make a realistic estimation, we must also know the type of the building and 
its spatial distribution.  

Beijing is the political, cultural and economic center of China. As China experienced double-digit increases in 
economic growth over the past few decades, Beijing’s building inventory has also grown rapidly. According to the 
National Bureau of Statistics (NBS) (2007), the total residential living space in the urban districts of Beijing 
increased from 152 million square meters at the end of 2000, to 310 million square meters at the end of 2006. It has 
therefore more than doubled over a period of 6 years. The average construction cost also increased significantly 
during the same time period, with the average cost for buildings constructed by real estate developers reaching 
2000-2400 Yuan for each square meter of construction area. Thus in the urban district alone, Beijing’s residential 
property replacement value has exceed 600 billion (RMB) Yuan in 2006.  

In this study, we use AIR Worldwide Corporation’s 2007 industry exposure database for China to estimate the 
potential property loss for this event. This exposure database is based on the 2000 and 2001 residential and 
commercial census data as well as yearly statistical data on construction, real estate, fixed asset investment and 
other construction and city development information from 2000 to 2007. The primary sources of the data include 
the National Bureau of Statistics and the Ministry of Construction of China, the provincial bureaus of statistics (e.g., 
the Beijing Municipal Bureau of Statistics), and the China Index Academy. The census data are at county/Qu level 
containing detailed information on residential living area, housing type (by wall material), age, and building height 
(number of stories). The database used detailed information on construction areas of various types of buildings 
(e.g., residential, commercial etc.), average construction costs of different type of buildings, building height, wall 
material, and building age, as well as information on population, family unit counts, number of employees and 
establishments in various business categories, to estimate the replacement value of the predominate types of 
buildings in each municipality (county/Qu). The buildings in the database are classified according to ground motion 
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vulnerability sensitive parameters such as structure type (e.g., unreinforced masonry, confined masonry, reinforced 
concrete, steel frame etc.), height, age, and occupancy. Since the main data are at the county/Qu level, the exposure 
is first estimated for each county level municipality. The county level exposure is then distributed to a 5 km by 5 
km grid based on population density within the county.   Table 2 lists the total replacement values (including 
structures and contents) for residential, commercial, and CAR/EAR (properties under construction) in the five 
municipalities/provinces (Beijing, Tianjin, Hebei, Shanxi, and Inner Mongolia) in and around the capital region.  
The total exposure in the five provincial municipalities is estimated to be about 7.48 trillion (RMB) Yuan or 1 
trillion US dollars. 

Table 2 Total exposure in Beijing, Tianjin, Hebei, Shanxi, and Inner Mongolia 

Total Exposure Residential Commercial CAR/EAR 

 (Billion Yuan) 
                 
2,387  

                 
4,448  

                  
650  

 

Masonry (unreinforced or confined masonry) is a popular construction type in this region, especially in rural areas 
and in buildings constructed a few decades ago. According to NBS (2007), over 80% of the current residential 
houses in rural regions are masonry. The AIR exposure database shows that about 60% of the total exposure in the 
five provincial municipalities are masonry buildings; the remaining ones are predominately reinforced concrete. Of 
the 60% masonry buildings, about one third is unreinforced masonry, which is extremely vulnerable to seismic 
hazard. 

6. RESULT AND DISCUSSION 
 
The various combinations of magnitude, rupture length, and width listed in Table 1 come to 18 different source 
scenarios. The average total loss of the 18 scenarios is 846 billion RMB Yuan (about 120 billion USD) with one 
standard deviation of about 130 billion RMB (about 18 billion USD). To account for the uncertainties associated 
with ground motion, we ran 500 times for each of the source scenarios with a random uncertainty (in the range of ± 
2 sigma) added to the mean ground motion. The average loss of all the scenarios was then 935 billion Yuan, with 
one standard deviation of 520 billion Yuan. Both the mean loss and standard deviation increased after accounting 
for the uncertainty in ground motion, which is expected due to the non-linear relationship between the ground 
motion and the damage ratio. The total affected exposure is about 5 trillion Yuan. Hence the average loss represents 
about 18.7% of the total affected exposure (mean damage ratio). 

The earthquake would impact 160 to 175 counties in seven provinces: Beijing, Tianjin, Hebei, Shanxi, Neimeng 
(Inner Mongolia), Liaoning, and Shandong, over a radius of 220 km to 280 km (Figure 5). This is consistent with 
historic records, which indicate  damage observed as far south as the Shandong province, and north to Neimeng 
(Inner Mongolia), covering an area of 10,000 square km. The main damage (over 99%) however fall within the 
Beijing and Tianjin municipalities and the Hebei province, with 75 to 80% of the total losses occurring in the 
Beijing municipality. The heavy losses in Beijing is mainly due to its close proximity to the earthquake source and 
its high concentration of exposure (Beijing accounts for 50% of the total exposure of the three municipalities). The 
mean damage ratio for the Beijing municipality is about 30%. Losses from residential properties account for less 
than 1/3. The main loss is due to damage to commercial and industrial properties (Table 3). 

Table 3. Average total loss (billion Yuan) by exposure type 

Residential Commercial CAR/EAR Total 

                        291                          632                          12            935 ±520 

The size of this earthquake is about the same as the May 12, 2008, Wenchuan earthquake in the Sichuan province, 
which caused tremendous disturbance in the social and economic activity in Sichuan, as well as in the entire 
country of China. Estimated direct losses for this event reported in the media are mostly under 200 billion Yuan. 
Our estimated loss for this event is 4-5 times larger than the estimated loss from the Wenchuan earthquake. The 
average total loss represents 28% of the total GDP of the Beijing, Tianjin, Hebei, Shanxi, and Neimeng provinces in 
2006 (NBS, 2007). If we further consider losses due to business interruption and damage to infrastructure, the total 
direct loss could easily exceed 1 trillion Yuan (140 billion USD) or more than 30% of the regional GDP in the five 
provinces. Considering the fact that the affected area is the political, social, and economic center of China, the 
economic and social impact of such a event could be much larger than that caused by the Wenchuan earthquakes. 
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Figure 5 Distribution of estimated total loss by county from one earthquake scenario 
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