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ABSTRACT: In 1679, Beijing was directly hit by a magnituBearthquake -the Sanhe-Pinggu earthquake, one of
the largest historic earthquakes in eastern Chinahis study, we investigated the potential ecoizompact of a
similar earthquake hitting the capital region. Weveloped an earthquake loss estimation model witlurgl
motion intensity calculation and building vulneiépifunctions specifically calibrated for northeéasy China. We

use this model to study the effects of rupture ades that account for the variation in rupturerseyparameters
and ground motion uncertainties on regional lossributions. The results show that a repeat of sh&&inggu
type event near the capital region could causegrtppgamage of over 900 billion Yuan. This is eglswnt to about
28% of the total GDP of the five provincial munialipies affected by the event, or 4% the nation@PGn 2006.
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1. INTRODUCTION

A catastrophic event such as an earthquake or ¢yphan disrupt a nation’s economic and social agtichange
business practices and may even affect governnegniations. In 1992, Hurricane Andrew causedllnira

institutions in the United States to become insatveThis event has changed the way insurance eindurance
companies assess their business by relying on oamatitative catastrophe (CAT) models. On Septenmilier
2001, the terrorist attack in New York caused uopdented economic losses and social impact froraramade
catastrophic event. This event eventually leadrs¢veajor US airlines into bankruptcy, and triggeeesignificant
economic downturn in the United States, and coresgifyumany other nations..

While natural disasters cannot be avoided, thezenvalys to minimize losses and impact, increasawseness of
the risks involved. One of the most effective wlytessen the impact of natural disasters on pempdeproperty is
through risk assessment and mitigation. A realesssessment of the vulnerability and potentiahemic impact
from a catastrophic event can help a governmemapeefor large scale catastrophic events by impgpbiuilding

safety, increasing public awareness, regulate bases to use proper risk management and transibr tim

minimize loss and avoid an economic downturn.

The main purpose of this study is to assess thie s€alirect economic loss due to a potential laegethquake
similar to the Sanhe-Pingggu earthquake of 1678dbeurred near Beijing. We assess the economiadiripased
on property loss. Uncertainty in the estimated ldse to location, source parameter variation,ggndnd motion
uncertainty is evaluated in the context of locallggic and tectonic environment.

An earthquake loss estimation model typically idelsi the following basic components: a hazard coepotinat
defines the seismic source and calculates grountomdfield); an engineering component that estamat
vulnerability of various types of structures; arpesure component that establishes the buildindkstoall sites
affected by the event; and an economic componantddfines policy terms and risk transfer structdoe insured
properties (only needed if the interest is on iedupss). HAZUS is one of the earthquake loss estom models
widely used in the United States to estimate séenasses for future or historic events (e.g. Zdbatal., 2003;
NYCEM, 2003). The damage functions in HAZUS ardlrated to the characteristics of US buildings.a® the
ground motion calculation equations. Since the @madant building types and vulnerability characges in
China are quite unique, in order to develop a stalloss estimation model applicable to Chinds ihecessary to
develop damage functions that are specificallybcated to characteristics of local buildings. $amty, the ground
motion calculation module should also be tunedttenaation characteristics of the local crustalsobsurface
geological environments. In this study we use athgaake loss estimation model with all the maimponents
specifically calibrated for China. In the followisgibsections, we first briefly describe how eacthefcomponents
is modeled. Then we present the results followdt widiscussion on the estimated uncertainty agrfi&iance of
economic impact.

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

The September 2, 1679, earthquake occurred in Rioggnty of the Beijing municipality, and the Samognty of
Hebei province, about 40 km east of Beijing. Thenitude of this event is estimated at 8 from inityraata (GU,
1983). It is the largest known historic earthquag&ar Beijing. This event flattened several towrnd @lages in the
epicentral area and killed more than 45,000 pediilstoric records (annals) from 165 counties doaues this
event, indicating that it impacted an area of 01000 square km. Many structures in the Forbid@en in
central Beijing, about 50 km from the epicenteffesed severe damage.

This earthquake occurred along the Xiadianxing afdvig-Xiadian fault, a hidden fault mostly burieaer loose
Quaternary sediment (Figure 1). Except for the hOskirface break created by the earthquake, thengatéadian

fault cannot be traced at the surface; it is onfigriable from subsurface geological (drilling) agelophysical
(seismic survey) data (Xu et al., 2002). The tt#abth of the Mafang-Xiadian fault is about 120 kid its slip

rate is inferred to be 0.45 mm/yr (Xu et al., 20@9cause of the slow deformation rate, the prdipaloif such a

large earthquake to reoccur along this same fauthé near future should be very low. However, dbgve

tectonic zone — the North China seismic belt whbeeMafang-Xiadian fault and Beijing are locatedsla series
of active faults similar to the Mafang-Xiadian fatlat could be the source of potential large eprlkes (Figure
1). The Tangshan fault is another active fault 800 km east of the Mafang-Xiadian fault in thégssnic belt that
generated the Ms 7.8 Tangshan earthquake in 19f&dthe threat from such an earthquake is notlistie. The

regional tectonics and historic seismicity desdilvethe next section may further demonstratephbtential.

Mafang-
Xiadian Fault

Epicenter of the 1679 and 1976 Earthquakes

*
Surface rupture of the 1679 earthquake
o \apped Surface Rupture
| City
Active Faults
Active
--------- Cenozoic Faults

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 tectopiovince (tectonic block), which is the northermtpe the Amur
plate. As a tectonic plate, the Amur plate is codesed to be relatively rigid (Heki et al., 1999wkver there is
significant internal deformation within the Amurapé, especially within the north China tectonicvimoe, as
evidenced by the repeat occurrence of large tot dnistoric earthquakes and the development of grdioest or
basin-range structure in the region in Cenozoieti®everal distinctive active fault belts existhiitthis North
China tectonic province that has hosted all theomhistoric seismic activity: the active fault bslirrounding the
Ordos fault block in the west, the Tan-Lu faultteys in the east, and the North China plain betwbenTan-Lu
fault system and Taihang-Wutai Mountain fault bi¢Eigure 2).

The Ordos fault block is a relatively rigid blodiat experiencing little deformation in the Cenozaie. It is
surrounded by a series of fault-bounded basins@maorth (the Hetao-Linhe fault basin), the sotile (Veihe fault
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Basin), and the east (the Shanxi rift system). I3@3 Hongtong and 1556 Huaxian earthquakes, bataghitude
8, all occurred in this seismic belt.

\,‘E[' an-Lu Fault zone &
TR e ?’\

Historic Earthquakes
@ M>=75

[ ] M7-75

(-] M<7

Active Faults
Active in Quaternary
--------- Infered active

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

The Tan-Lu fault zone is the largest active fayitem in eastern China. It is a right-lateral faylstem with slip
rates of 1-3 mm/yr in late Quaternary (Deng, 2008 1668 M8.5 earthquake occurred along this fault

The North China plain is composed of a series afd2eic basin and range or horsts and grabens segarg
normal faults. Most of these horst and graben &iras were formed in the Paleogene time. During\tbegence
and Quaternary periods the region subsided as #&ewhith thick deposits covering the horst-grabénicture,
eliminating any surface expression. As a resultstmd the seismogenic faults are buried or hiddeaeu the thick
Quaternary cover. Recent seismic activity suchtes1679 M8 and 1976 M7.5 Tangshan earthquakexalirred
on faults that along the Cenozoic basins and aesat of the reactivity of these existing Cenozaialts under
NEE — SWW compressive regional stress field (Xaletl992).

2.3. Source Parameters of the 1679 Event

The September 2, 1679, earthquake occurred abdun4gast of Beijing along the Xiadianxing or MafaxXigdian
fault. This fault is oriented about N50E with a tidip angle of 50°-70°, dipping southeastward (Fégl). The
thickness of Quaternary deposits on the two sifiéiseofault differ by about 200 to 400 meters, gjmg that this
fault may have been active in the Quaternary tinith & significant dip-slip component. However théseno
surface expression for this fault other than a mOdng surface break caused by the 1679 earthq¥as&ng et al.,
1988). The 10 km coseismic rupture at the grourmtabably not representative of the seismic sotocéhe event.
Worldwide statistical data show that a magnitudea@&hquake should have a length of about130 knmdomal
faulting events, or 245 km for strike-slip faultimyents (Wells & Coppersmith, 1992). The short tengf the
coseismic break at the surface indicates that argynall portion of the coseismic rupture broke shdace. The
main part of coseismic rupture is buried underltlose deposits and did not reach to the ground.tBtiee hidden
nature of this seismogenic fault, the source patamdor this earthquake are therefore quite uagerfThe main
uncertainty probably lies in the rupture length amagnitude, and as stated earlier, the length &gl rupture
probably significantly underestimates the ruptuireeshsion of the event. However, the total lengtthaf source
fault is about 100 to 120 km (Xu et al., 2002; @Gaal., 1993). Therefore a possible length ofrtheure should be
larger than 10 km but less than 120 km. Given the aof the earthquake, the length would most liketgeed 50
km. We use three lengths - 60 km, 90 km, and 120t&mepresent the range of rupture length for éwisnt. The
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60 km length represents the northern segment oMidliang-Xiadian fault. This segment extends froontim of
Pinggu in the northeast to south of Tongxian foowl60 km where it intercepts with a NW-SE strikifaylt
(Figure 1). The southward extension of this fasiliébatable and there could be an offset betwéesdgment and
the segment further to the southwest. This segaisatcrosses the three counties in the epicentralthat had the
heaviest damage in 1679. The 120 km length repte$ea maximum extension of this seismogenic fantt the
90 km length is an intermediate value betweenwioe t

The magnitude of this event was estimated baseskemmic intensity inferred from historic record$here is a
great deal of uncertainty in estimating pre-insteatal earthquake magnitude because of the semtitatave
nature of seismic intensity, and the subjectiuityagsigning a seismic intensity based on descniptio damage or
felt reports. This event occurred about 100 km wéshe 1976 Mw 7.5 Tangshan earthquake. Botheahént and
the 1976 Tangshan earthquake occurred in the sagtenic province with similar geological and tedton
environments. The 1976 Tangshan earthquake gedeaat8-km long surface rupture, and the total mgptength
of Tangshan earthquake is estimated to range fidkn#to 100 km (Xie & Yao, 1991; Kanamori & Alleh986;
Huang & Yeh, 1997). The scale of the rupture fréva 1679 earthquake is slightly larger than thathef 1976
earthquake both in terms of source length and sinfapture, indicating that the 1679 event couldeha larger
total coseismic slip. Given that the total lengthttee Mafang-Xiadian fault is comparable to the gsiman fault
responsible for the 1976 earthquake, if we assunaethe average coseismic slip of the 1679 earkeistwice
the maximum coseismic slip (4.5 m) of the Tangsbarhquake obtained by different studies (Xie & Y4991,
Huang & Yeh, 1997), the magnitude of the 1679 cdnaddas low as 7.67. We assume that this is ther e for
the magnitude of the 1679 earthquake. For the uppand limit, we use 8.0, which is also the uppeuriu
magnitude for the entire North China tectonic pnoe recommended in various studies (Xu et al., ROl&ble 1
summarizes the range of source parameters thaseviuloss calculation purposes.

Table 1 Source parameter variation for the 167h&d&tinggu 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 datailable in China, empirical ground motion attemomt
relationships developed based on local strong mataia are not available for this region. Howevgreat deal of
historic intensity data (maps) have been publistred used to develop empirical intensity attenuafimctions
(State Seismological Bureau of China, 1990). Sévexent studies (e.g. Hu & Zhang, 1984; Huo & H992)
have used intensity data in China combined witbngirmotion data in the western US and China to ldpve
attenuation equations for four different regionsGtfina. The 2001 national seismic hazard map oh&hbok a
such an approach to develop region-dependent atienuunctions for the probabilistic hazard cadtidns. Huo
& Hu (1992)’'s result shows that attenuation is dash southwest and southeast China than in noghaed
northeast China. This difference is mainly influetddy differences in intensity attenuation relatiam the four
regions.

Since our loss calculation model use spectra aeatias, whereas Huo & Hu (1992) have only providReslA
attenuation functions, we used a slightly differapproach to calculate the ground motion for thisné. A
comparison of Huo & Hu's attenuation relations withe attenuation equations for western US (WUS)
recommended by USGS (Frankel et al., 1996) shouats thr earthquakes whose magnitudes are larger @t
Huo & Hu's attenuation equation for northeast Chgmees consistently higher PGA than the WUS attéona
equations at distances of underl100 km. A weighmdbination of WUS and central and eastern US (CEUS)
attenuation functions used by the USGS can prosidmod match to the result of Huo and Hu as wellhas
available strong motion data. The weighting facttivat best match Huo and Hu’'s results would neetheo
magnitude-dependent. For events with magnitudesdahan 7, an equal weighting for the two setattéfnuation
equations of WUS and CEUS provide reasonable msitchéhe observed data from the 1976 Tangshancezitle
and the results of Huo and Hu (1992) (Figure 3). dekculated seismic intensity from the calculatedugd
motions using the conversion equations of Kaka Atkthson (2004) for comparison with the observetkmsity
field of historic earthquakes as a calibration psscfor determining the weighting factors. For féag significant
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historic earthquakes in north Chinhe modeled intensity fieldmatcl the observed intensitijelds reasonaly
well.

Figure 3 Comparison of ground motion (PGA) predicted by Huo & Hu (1992, thin blue line), this study (thick red line), and
observed during the 1976 Tangshan earthquake (triangles)

Site effectis considered in the grourmotion calculation. Each site is classified into the egtsth NEHRP soi
types based on surface geological inform¢ and amplification is calculated using average 3@neter shes
wave velocity for each class ty(Wills et al., 2000).

The wncertainty associated with ground motion could ificemtly affect thecalculated lossMost recent empirice
attenuation equations formulate the ground motioecettainties into int- and intraevent components. The ir-

event component reflects uncertainties in seismic sourcéstress drop, slip distribution, rupture directieta.).

Intra-event uncertainty reflesthe combined path, site, and other -source related effects (Abrahamson and S
1997;Lee & Anderson, 200). Intraevent uncertainty is relatively more complex ands igenerally difficult tc
decouple the effects dftra-event ground motion uncertainty frovariatiors in building vulnerability.In order to
provide asense of uncertainty in the estimated due to ground motion uncertai, we usedhe uncertaint
parameters estimated by empirical ground moticenatition equatics. For simplicity, we limiteaur analysis tc
inter-event uncertainty and assid that any bias due to inteent uncertainty is partially captured in the jps®
of calbrating the damage functions. To accountthe interevent uncertain, we simulatedyround motiorfields

hundreds of timedor each source scenarby adding a random uncertainwithin the range of £ sigmss.

Uncertainty inthe estimated loss is then calculated from theatiaris in the estimated loss from all the r

4. DAMAGE ESTIMATION

Earthquakenduced building damage is caused by the buildimlysamic response to ground motion, which
vary substantialldepending n characteristics of both the ground motion andoilitding Building responst,and
its associated damage status to earthquake sl, are complex phenomena. It is believed that the damauld be
best measured by deformation. For this reason obmeability module adopted the capacity spectral metto
estimate building deformation subjected to eartkguground motiol

The development of building capacity curves is guaibmprehensiv. It was derived from théuilding’s period.
deformation capacity and ductility, yie, and ultimate strength. These physical parameare based ol
experimental observationpublished analytical research, design standard,paiblished empirical relationFor
modern engineered structurehese parametere tuned to be compatible with the general ohjectif Chine
building codes (GB 5001- 2001), i.e., “no damage for frequent levels of #hg, damage repairable f
occasional levels of shaki, and collapse prevention for rare levof shaking.” The “frequerit,“occasional” anc
“rare” shaking levelare quantitatively defined in terms of PGA valuesthie building cod: The capacity of :
building to resist the lateral force imposed by earthquake is represented by a f-displacement curve (tt
building’s capacity curve). The building’s importaseismic characteristics, such as material bnigss an:
ductility, are reflected in its capacity curve. Tdeemand imposed by an earthqt on a building is represented
the response spectrum curve. When these two camedlotted on the spectral acceleratio,) vs. spectra
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displacement ($ plane, their intersection corresponds approximatethe maximum displacement of the building
in response to the ground motion (Figure 4).
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Figure 4 Capacity Spectrum Method

The development of deformation-based damage fumktie relatively easy and straightforward. The treta
between building deformation and damage is welluduented in literature. For the several common tgpe
buildings in China (confined masonry, unreinforegedsonry, and mid to low-rise reinforced concretédings),
we have used data from several historic earthquékeh as the 1978 Tangshan, 1992 Lijian earthqueat® to
calibrate our damage functions. For modern engatestructures, especially those mid to high- R€eand steel
buildings, we rely on historic data from recenngfigant earthquakes in other regions such as Traiftfee 1999 Ji-
Ji earthquake) and Japan (the 1995 Kobe earthquakapined with published experimental studieseweetbp our
damage functions. There is a total of 27 basic d@nfianctions for 27 different type of structurepresentative in
the Chinese building inventories.

The mean damage values of the basic damage fusati@nfurther adjusted to account for building aggjon
variations in design and construction practice, €te final damage functions are calibrated usiamage data
from significant historic earthquakes that haveuoeed in the last 50 years in China.

5. EXPOSURE

Before one can estimate the potential loss of ath@aake, we must first know the total value of biluéding stock
exposed to the earthquake. In order to make astieadistimation, we must also know the type oftibéding and
its spatial distribution.

Beijing is the political, cultural and economic temof China. As China experienced double-digitréases in
economic growth over the past few decades, Besgihgilding inventory has also grown rapidly. Acdaglto the
National Bureau of Statistics (NBS) (2007), theakatesidential living space in the urban distriofsBeijing

increased from 152 million square meters at thea#a00, to 310 million square meters at the &n2006. It has
therefore more than doubled over a period of 6/e€Bine average construction cost also increaseiifisantly

during the same time period, with the average @msbuildings constructed by real estate developeexhing
2000-2400 Yuan for each square meter of constmu@rea. Thus in the urban district alone, Beijingsidential
property replacement value has exceed 600 bilRIME) Yuan in 2006.

In this study, we use AIR Worldwide Corporation'80Z industry exposure database for China to estirtied
potential property loss for this event. This expesdatabase is based on the 2000 and 2001 residant
commercial census data as well as yearly statigdat@ on construction, real estate, fixed assetstment and
other construction and city development informatiam 2000 to 2007. The primary sources of the dathude
the National Bureau of Statistics and the MinistfyConstruction of China, the provincial bureaustattistics (e.g.,
the Beijing Municipal Bureau of Statistics), an@ tGhina Index Academy. The census data are atywQuntevel
containing detailed information on residentialtigiarea, housing type (by wall material), age, lamiting height
(number of stories). The database used detailednnaition on construction areas of various type®uwldings
(e.g., residential, commercial etc.), average cansbn costs of different type of buildings, builg height, wall
material, and building age, as well as informatdm population, family unit counts, number of emgey and
establishments in various business categories stim&e the replacement value of the predominapestyof
buildings in each municipality (county/Qu). The ldirigs in the database are classified accordirgryaand motion
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vulnerability sensitive parameters such as strectype (e.g., unreinforced masonry, confined masarinforced
concrete, steel frame etc.), height, age, and @typ Since the main data are at the county/Qu, lthes exposure
is first estimated for each county level municigaliThe county level exposure is then distributect5 km by 5
km grid based on population density within the dgun Table 2 lists the total replacement valuegl(iding

structures and contents) for residential, commeraiad CAR/EAR (properties under construction) e tiive

municipalities/provinces (Beijing, Tianjin, Heb&hanxi, and Inner Mongolia) in and around the e&pigion.

The total exposure in the five provincial municipes is estimated to be about 7.48 trillion (RMBYan or 1
trillion US dollars.

Table 2 Total exposure in Beijing, Tianjin, Hel®hanxi, and Inner Mongolia

Total Exposure | Residential Commercial CAR/EAR

(Billion Yuan) | 2,387 4,448 650

Masonry (unreinforced or confined masonry) is aytapconstruction type in this region, especiafiyrural areas
and in buildings constructed a few decades agoowioeg to NBS (2007), over 80% of the current resiihl

houses in rural regions are masonry. The AIR exgodatabase shows that about 60% of the total expas the
five provincial municipalities are masonry buildgidhe remaining ones are predominately reinfoomettrete. Of
the 60% masonry buildings, about one third is uriceced masonry, which is extremely vulnerable désmic

hazard.

6. RESULT AND DISCUSSION

The various combinations of magnitude, rupture fliengnd width listed in Table 1 come to 18 différenurce
scenarios. The average total loss of the 18 saen&i846 billion RMB Yuan (about 120 billion USRjth one
standard deviation of about 130 billion RMB (aba8t billion USD). To account for the uncertaintiessaciated
with ground motion, we ran 500 times for each @f slburce scenarios with a random uncertainty @rraimge of +
2 sigma) added to the mean ground motion. The gedmss of all the scenarios was then 935 billiaary, with
one standard deviation of 520 billion Yuan. Botk thean loss and standard deviation increasedaft@unting
for the uncertainty in ground motion, which is esfgel due to the non-linear relationship betweengtoeind
motion and the damage ratio. The total affectedsupe is about 5 trillion Yuan. Hence the averags represents
about 18.7% of the total affected exposure (meamade ratio).

The earthquake would impact 160 to 175 countiesewen provinces: Beijing, Tianjin, Hebei, ShanxgimNeng

(Inner Mongolia), Liaoning, and Shandong, over @us of 220 km to 280 km (Figure 5). This is cotesis with

historic records, which indicate damage obsengefhasouth as the Shandong province, and norfteimeng

(Inner Mongolia), covering an area of 10,000 square The main damage (over 99%) however fall witthia

Beijing and Tianjin municipalities and the Hebebyince, with 75 to 80% of the total losses occurin the

Beijing municipality. The heavy losses in Beijirggmainly due to its close proximity to the earthaquaource and
its high concentration of exposure (Beijing accsunt 50% of the total exposure of the three mymaildiies). The
mean damage ratio for the Beijing municipality at 30%. Losses from residential properties acctamless

than 1/3. The main loss is due to damage to comatened 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 sameead#ly 12, 2008, Wenchuan earthquake in the Sicpuarince,
which caused tremendous disturbance in the soaiél ewonomic activity in Sichuan, as well as in #drgire
country of China. Estimated direct losses for #ent reported in the media are mostly under 20i@rbiYuan.
Our estimated loss for this event is 4-5 timesdaihan the estimated loss from the Wenchuan esakeq The
average total loss represents 28% of the total GFe Beijing, Tianjin, Hebei, Shanxi, and Neimegargvinces in
2006 (NBS, 2007). If we further consider losses wubusiness interruption and damage to infrastrecthe total
direct loss could easily exceed 1 trillion Yuan@®illion USD) or more than 30% of the regional GDRhe five
provinces. Considering the fact that the affectezhas the political, social, and economic centeChina, the
economic and social impact of such a event coulchbeh larger than that caused by the Wenchuanceaides.

7



th
Thel4 World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

i
Neimeng _— /{“‘\J
o — . /r*r'\/
{ ! A ,
\—L /\j (;F \‘\«( T =
ety i Sa 1 g ¢ o Fuxin
I,j' ‘ -~ SL N \'JJ ? Y" \L f//
R i b o { \/
| J -~ \ Y
& . .
9 PRSP | Liaoning
s
4\ R © Jinzhou
& Hohhot 3 oZh k Sﬂj N WME@L
ohho! S angjiakou 2 - Ji L.
N e ~ o 7
1 { = e S
S __,.’ A = J
= \’j il ¥ L\ /A; 1/(
/“ o Datongi\f - ¥
" x\"" !‘/ );,'-—
f & $.
. j“ ot R @ Tangshan / S e
// (— . / 5 e‘ﬁ,\ A7
M 7 Shanxi 6 b o e g
y " Hebei L gt o
¢ 4 ’ & _j"“’ 4
! ( R Dalian
i ot
/ g
{ Fs
r / N ;
~ ] ? &
J Moy i S
i 3 o Shijiazhuang e ‘-f;‘g‘vvz’vf”i/g
i o e
‘\> Taiyuan \D\ /, 5\.‘?‘ Legend
? /f g\/ ; Y Epicenter of the 1679 Earthquake
J J \ )
G - — L, Total Loss (million Yuan)
4 10 k 7 /
Vi m { B W 100,000 to 500,000
} // Shandong ™ B 10,000 to 100,000
o A o Zibo 1,000to 10,000
&7 r . 100to 1,000
‘1(\ o Hiardan // © Jinan Oto 100
1303 = §
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