International Journal of Hybrid Information Technology
Vol.7, No.4 (2014), pp.123-138
http://dx.doi.org/10.14257/ijhit.2014.7.4.11

GIS: Assessment Model and Evaluation of an Earthquake-stricken
Area with a Case Study in Shangri-La

Shuangyun Peng®, Kun Yang® and Yanbo Cao®

'School of Tourism and Geographical Science, Yunnan Normal University, Kunming,
China, 650092
2Yunnan Earthquake Administration, Kunming, China, 650224
daneall11@126.com

*
Abstract Y\\/
k

The ability to rapidly assess the loss of earthquake-stricken area after an
absence of on-site information is of significant importance.\Due to e geology,
geomorphology, building structures as well as the social aa&% omic si in Yunnan, it
makes the loss of building and casualties having some.d @ es with'gther regions when the

1’|

e in the

earthquake occurred. Based on the regional chara s of nap, this paper assesses
the area of destroyed houses, economic loss, the number of earth deaths and number of
homes lost using multiple models-a building quake,d%model a destroyed houses

model, an economic loss model and a hom model turn allows the distribution
pattern of the various losses to be displ mtegratlng the evaluation model
and GIS technology. The value of spati rlbutl e important than simple statistical
data as spatial distribution helps u rstand t rlbutlon of earthquake damage thus
allowing targeted command d@ be m or technical support of earthquake victims
and earthquake-affected areas

Keywords: Seismic e@@n mod&ﬂ,’&hangrim, Deqin
1. Introductlog\ \Q

The selsn@
complicated quak

sustained developme

@a’s mainland, islands and the surrounding areas is severe and
ten the economic and social developments as well as the
ina in the long-term future. In recent years, multiple violent
earthquakes have t ace in mainland China. It caused serious casualties and substantial
losses of proper ddition to having far-reaching social consequences. For example, in
1976, the Tangshaly earthquake took a huge toll on the national economy and social stability
of the co ringing long-term pain and casting a psychological shadow upon a large
majori e Chinese population. The Wenchuan earthquake, measuring 8.0 on the Richter

sC sed 69,195 deaths with 17,681 missing and 374,061 injured. It was estimated to
a 0.16 million peoples and brought direct economic losses estimated at up to $100
billief. This painful lesson showed that quick and accurate assessments of such natural
disasters and scientific development of contingency rescue plans are very important after an
earthquake [1]. Effective and rapid emergency relief operations based on scientifically-sound
data depend on grasping the extent of the disaster. However, in the case of earthquakes, most
earthquake emergency departments are unable to obtain accurate and complete information
on the earthquake-stricken area in the short space of time directly after the event has occurred
in which critical emergency and relief effort decisions need to be made. The speed of
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gathering detailed information about an earthquake-stricken area plays a vital role for
deploying effective disaster relief efforts [2].

Yunnan is located on the Eurasian tectonic plate. At the junction of the Indian plate and the
Pacific plate, crustal movements are frequent, is Chinese earthquake-prone areas. The unique
topography and socio-economical status of Yunnan give earthquake catastrophes in the
Yunnan region certain unique characteristics [3]. The purpose of this paper is to present a
building catastrophe assessment model based on the characteristics of Yunan that integrates
Geographic Information System (GIS) into the assessment model which can intuitively
interpret the disaster situation by using maps. This model could help the Emergency
Command Department make better informed scientifically-based decisions for directing
disaster relief efforts.

*
2. Background Y\/
vel

Two large earthquakes took place in Shangri-La. They were of M5.1 and s and

occurred at 4:44 AM on August 28 and 8:04 AM on Augu§t 31 201 ively. The
epicenters of these earthquakes were located at the jun f Yun iqing Tibetan
ture in Sichuan.

The coordinates of the quakes were latitude 28. itud .35%¥and latitude 28.22,
longitude 99.40 respectively. The districts impacte the eart es in Yunnan include
Shangri-La County and Degin County (Figure

Autonomous Prefecture, Degin County, Ganzi Tibetii 0MOUSNPre

@ ure 1. Location of the Earthquake-affected Study Area in Yunnan

(Ceft)Red indicates Shangri-la and Degin County in the Figure 1; (Right)Topological
scope of the two counties. Shangri-La is located in the northwest of Yunnan, at the
southeastern margin of the Tibetan Plateau and eastern mountain range of the Sanjiang Rift
Valley area. Topologically, the northwestern side of Shangri-La is higher than its southeast,
the highest point being Balaguer that is 5,545 m above sea level while its lowest point is at
Luojiji whose altitude is 1,503 m. Shangri-La has an average elevation of 3,459 m and an
altitude differential of 4,042 m.
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Degin County is located in the northwest of the Yunnan mountain range area, the southern
edge of the Tibetan Plateau, and at the junction of Yunnan, Sichuan and Tibet. The terrain
trend of Degin shows that the north is higher than the south. The highest point, Cavag
Bethune, is 6,740 m above sea level while its lowest point is at the southern gate township of
the Lancang River whose altitude is 1,840.5 m.

The earthquake zone is found at the junction of Yunling foldbelt which belongs to the
Tanggula-Chamdo-Lanping-Simao foldsbelt and Zhongdian foldbelt which is part of Songpan
-Ganzi foldsbelt, across the western border of Sichuan-Yunnan block. The structure of the
earthquake area is very complex with a core structure of north-south, north-west trending
faults. The principal structure of the earthquake is Deqin - Zhongdian fracture, Lung Poon -
Joe after breaking the Jinsha River and near the north-south fault.

Economical indicators can show the status of economic development. 2012 is the, closest
time of these Shangri-La earthquakes. So, this paper chooses the economic dates
domestic economical indicators for 2012 of these two earthquake-stricken c@ listed in
Table 1.

*
Table 1. Economic Conditions in these wm{wn yuan)

Primary Secondar . vV .
. ? . . ertiar Fiscal
industrial  industrial vernmen

Item GDP output outp outpé receipts expend-
County value w ‘Q val iture

Shangri-La 597,557 33,696 ; 98‘ %3,863 27,488 234,878
Deqin 144,902 11,886‘(%,492 &§ 524 10,006 154,898
4) )
3. Model and ApplicatioA ‘\6
3.1. Isoseismal Attenuwodel ®

*
311 Model N\ \Q
Isoseismasis of assessment. According to the isoseismal attenuation model,

we can anal e degres rthquake damage, divide the affected area into hardest hit,
medium disaster and lig saster areas, while also evaluating the economic loss, population
casualties, and buildi ‘o"‘i. age by combining with relevant information such as building on
the basis of seisr&pcity, geological structure. The calculation process of seismic lines is

shown below:

Q)O
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Input the earthquake parameters
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rupture scale, etc.)
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Figure 2. Is&&@.al Ge@atlon

\
Firstly, we determined the fr e orient&\h\;based on fault strike, aftershock
information, historical earthqua and other information obtained after the earthquake.
Secondly, we calculated the s rupture’s y using the surface rupture scale empirical
le input parameters, the default rupture scale

formula. If there were no preliminary r
empirical formula was u ake an te. The formula is shown below (Equation 1).

I—C1+CZLg(L)\\ @ 1)
D €

thquake rupture. C1, C2 are the correlation coefficients
ctual earthquakes. Thirdly, we choose the attenuation model
, the elliptical attenuation model is chosen. Combining the
is paper used the isoseismic elliptical intensity model which was

r

A
L———( Isoseismal generadsion

by seismicity (T). When
characteristics of Yun

previously report i [4]. Li and colleagues (2012) took the intensity attenuation
relationship of unnan region as the intensity attenuation model to draw an ellipse
isoseismal.

I, = +1.27921-3.87381g(R, +21)
{ 621+1.1719I—2.8268Ig(Rb+7) )

ﬁ are the macro axis and minor axis of the intensity. | is the surface wave magnitude.
Ra, Ry, respectively are the length of the long and short axis of the i intensity. When I> 6.5 in
Equation 1, we utilize the line source attenuation model. The line source model draws an
elliptical envelope by ellipse isoseismal which is of equal intensity on the surface rupture
brings. According to the characteristics of Yunnan, Li and colleagues (2011) used the least
squares linear regression model to analyze the historical seismic data Yunnan based on
previous studies. They obtained the earthquake source rupture lengths and magnitude of the
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relationship by intensity as an independent variable [5]. The relationship is shown below
(Equation 3).

0.391-1.24 6.0<1<7.7

9L = 540 1>7.8 ()

The final step corrected affecting parameters which included epicenter, rupture direction,
rupture scale. These parameters were obtained from on-site investigation. Correcting these
parameters enabled more accurate field calculation results to be obtained.

3.1.2. Data
The elementary parameters of earthquakes in Shangri-La areas follow:

\/‘
Table 2. The Basic Parameters of Earthquakes in Shangr};l.a?“
. Epicenter ocal
ID Time \ agnlt depth(km)
Latitude Longi P
1 At4:440n August 28, 2013 28.22° ﬂg V 9
7

2 At8:04on August 31,2013  28.22° 99.40° 10
According to the measurements m ; Yunnaﬁelsmographlc Network, this

the
earthquake consisted of 1,668 minor ear%q 1 125 ranged between 0.0 to 0.9
on the Richter scale, 376 between 1.0 145 2 0to 2.9, 13 between3.0t0 3.9, 7
t

between 4.0 to 4.9, and 2 betvm 9 The ons of these minor quakes are showed

in Figure 3.

@O Figure 3. Earthquake Sequence Distribution

3.1.3 Application: To get Shangri-La earthquake isoseismal on the map, we integrated the
decay model and GIS by using ArcMap (a GIS software) and got the following result.

Copyright © 2014 SERSC 127



International Journal of Hybrid Information Technology
Vol.7, No.4 (2014)

ucniag ‘

5 H"”“ Shus o
LN J
{halitong }

\

)/ qua Deqide

Cunbly Tuola

Figure 4. Location of the Shangri- I@ﬁquaw\sﬁsmal

The range of the VIII disaster area is from Qanjla of Nixi town of Shangri-la
County in the southeast of Yunnan to Benz wn of D County in the northwest of
Yunnan, from Migong village of Benzilap-to t ounty in the southwest of Yunnan

to Kangsa village of Nixi town of Sh C northeast of Yunnan - an area of
about 68 square kilometers. The r of the aster area is from Xixiang town of
Shangri-la County in the southeasso anyong village of Benzilan town of Deqin
county in the northeast of Yun fro illage of Benzilan town to Bala village of

Nixi town in the northeast unnan ea of about 745 square kilometers. The range of
ty in the southeast of Yunnan to Feilai temple of

the VI disaster area |§ ngr 0
Degin County in %mnan from Guilong village of Degin County to
&!Shang

Zaxiangshang vil ty in the northeast of Yunnan -an area of about 5258
square kilom

3.2. Earthquake De?ﬁgs Assessment Model

3.2.1. Model @

Previou ublished literature show that a large amount of research has been conducted on
various a of the earthquake death assessment model. At present, there are nearly 27
differe ods to assess the number of deaths caused by an earthquake. There are five

hat do not consider the vulnerability of houses and mainly use earthquake
%de and intensity, population density, and earthquake time as the core parameters. 22
othel methods account for vulnerability of houses but these can be divided into two kinds —
deterministic or probabilistic- based on estimates of the variables used in the formulae. These
variables are determined values in the deterministic method which is obtained by an empirical
formula according to the seismic administration's published post-earthquake survey or
departments’ statistics dates. Probabilistic estimation methods are carried out by estimating
the probability of earthquake death parameters. For the case of Yunnan, Zhou calculated
relationships between earthquake magnitude and earthquake deaths by building a model [6].
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He found that the number of earthquake deaths increase with increasing earthquake
magnitude.

Han built earthquake intensity-Earthquake death ratio distribution matrix. Intensity-houses
collapsed rate distribution matrix and their empirical relationship in Tonghai County.
Economic factors directly affected the vulnerability of housing structure which has a direct
impact on the vulnerability of personnel shock to death [7]. However, the level of socio-
economic progress of Yunnan is uneven. Therefore, this paper utilizes the earthquake death
loss assessment model which was suggested by Li (2012). Li proposed a multi-factorial
earthquake death and economic regression model based on the socio-economic situation of
Yunnan. The model is shown in Equation 4 [8].

y =exp{-6.732+10° +4.3210°x - 2.8154%10°x"* - 2.046+10°z V*
+1.1452+10v +1.245c5 - 0.1717 #10 “cs’ - 0.244GDP ?\ “
+0.4337+10 'GDP? +1.7905%10t+ 0.4%10 °s+ 0.5%10 *x*GDP 0

y is the number of earthquake deaths. t is the moment\%hquak%rthquake time
between 21:00 to 9:00, t=1. If 3earthquake time betweengﬂ iS magnitude. Z

is seismic intensity. s is the population density. v \/ the per capita net
income of farmers. c; is per capita revenue. GDP is er cap\
3.2.2. Data Q %

This earthquake involves 43 adminlst% illages towns of Shangri-La and Deqin
County. The stricken population has 1 pe 83 families which include 81,837

By the end of 2012, Shangri-L nty. was 5,975,570,000 yuan, fiscal revenue

people of 15,460 families of S 32 214 p of 7,023 families of Degin County.
274,880,000 yuan, rural pergﬁ ne(;@o as 4,078 yuan. Degin County GDP was

1,449,020,000 yuan, fiscal nues 10

yuan. Q

3.23. Appllcatlo \\ @
Calculaﬂr@‘ mb

factor regress odel

civil administration d

0 yuan, rural per capita net income was 1,947

rthquake death based on earthquake death-economic multi-
above data. We get the results is 2 that are the casualties. The
nt statistics there are three people were killed which included
two in the car wer by a falling rock, land slides death of another man. Three deaths
have some chan&us resulting accuracy is insufficient to determine the model. The
accuracy OWO el calculation will be repeatedly fitted.

3.3. Hag Damage Loss Assessment Model

odel

According to seismic attenuation relationship of historical earthquakes in Yunnan
Province, combined with data from the statistical yearbook, the existing database earthquake
emergency basis points and some sample survey data, the population and households’ data of
assessment area, calculating housing construction area per capita, various types of housing
structure proportion, establishing housing area estimation models. We can build the
Earthquake houses destroyed rapid assessment model based on each intensity District
Housing vulnerability matrix which is obtained by counting and analyzing historical
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earthquake data using data collated from the earthquake damage assessment reports since
1992 onwards. On the basis of housing damage assessment reset price and population density,
we can estimate the number of houses damaged, the economic losses and the number of
people that have lost their homes [9].The total area of the housing is calculated using
Equation 5.

S=P*1+p)*r*(1+0c) (%)

S is the total area of housing. P is the number of population. p is the population growth
rate. A is per capita housing area. ¢ is the growth rate of per capita housing area.
The total area of the damaged housing is calculated using Equation 6.

E:Zilsi*Ai*Di (6)
Si is the house total area of the i assessment district. A; is the proportio %@f the
various types of housing structure of the i assessment district. D; is the@ atrix of

destroyed houses of the i assessment district.

Economic losses which were caused by the destructi& ousmg%ﬂe acquired by

using Equation 7.
L, =S, xR, xD, xP, O @)

Sh is the total gross floor area of one class onse Ry i destructlon rate of damage
grade of one class of house. Dy, is the da SS ratlo mage grade of one class of
house. Py, is housing reset price of one cl use

The number of lost homes is the %er of ho lost their homes due to the
earthquake and outdoor refuge.E&@ s follows.

c+d+el2

T xb- \ ®)

a is a household liv @ b is the nu ber of people per household. ¢ is the destruction
housing area. d is se of non-simple houses. e is the destroyed area sum of
non-simple house medlum area and simple houses. f is the number of deaths.
The abov invQlv e following strategic points. The first is housing structure
classification: foIIo@awﬂcaﬂon criteria: High level architecture (level 10 and
above), frame constru rick-concrete structure, post and panel structure, civil structure,
other structure wh udes Chuan Dou timber structure, stone structure, bamboo and
wood structure. @ond is floor area per capita and the ratio of each structure. The third is
housing roor areavestimation model which was built based on the economic level and the
el. The fourth is the relationship between the number of housing structure
n and the population density. The fifth is the houses destroyed matrixes which
the houses rapid assessment model in different intensity of earthquake. The sixth

will.b
a%] strategic point is building the earthquake house economic loss rapid assessment
mo ased on building damage matrixes.

3.3.2 Data: The data of population and house construction are obtained from 9 sampling
points of Deqgin County and seven sampling points of Shangri-La County. Sampling point
data are in the following table:

130 Copyright © 2014 SERSC



Table 3. Sampling Point Data

International Journal of Hybrid Information Technology

Vol.7, No.4 (2014)

County Town Village Family Population
Nixi 1 532 2,155
Jiantang 3 1,496 8,339
Zage 3 586 2,733
Shangri-La Dongwang 2 549 2,661
Wujin 2 408 1,609
Nixi 3 1,240 5,027
Jiantang 7 10,649 59,313
Benzilan 2 716 3,726 \/‘
Shenpin 2 932 3,896
Xianuo 4 1,093 4,312 {'v
Yanmen 3 696  \ ,3,140 ‘\9
Degin Yunling 2 355 NS\ 1,93&
Tuoding 2 {N "1
Benzilan 3 v
Shenpin 2 ,
Yangla 2 A\222 .
*

Since most of the areas affected by
considered in this work. In rural areas
can be divided into two levels on
between income and housing area\i

m’ g0

quake Q@rural, they are the principal areas
represents economic level which

| :;
r@i@n of 5,0%& Figure 5 reflects the relationship
Iarga%

25000 Yuan: 44.82m’ per capita

.0

2000 3000

4000 5001 6000

8000 9000 Yuan

@ Figure 5. The Relationship between Income and Housing Area

Statistics show that in rural areas 80 percent of the per capita gross floor area is about 40
square meters. When the farmers' per capita net income is less than 5,000 yuan, per capita
gross floor area is 42.02 square meters while for farmers with per capita net income more
than 5,000 yuan, the per capita floor area is 44.82 square meters. Figure 6 shows the
proportion of civil structures change with economic trends in rural areas.
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Figure 6. The Proportion of Civil Structures Change with Econocicg?ﬁds

Figure 7 reflects the proportion of brick structures chaqg\%th econgmj ds in rural

NN
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Figure 7. The R, \\
O 0 Rural Areas

Figure 8 reflects th rtion of brick-concrete structures change with economic trends
in rural areas.
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Figure 8. The Proportion of Brick-concrete Structures Change with Economic
Trends

Figure 9 reflects the proportion of frame structures change with economic trends in rural
areas.
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Figure 9. The Proportion of Framestruc es !han \1 Economic Trends

The following table presents statistics o@ the p é\bn of each housing structure in

rural areas.
Table 4. The F‘c@gion of Egéh tructure Housing

EE concrete structures

Civil structures Brick struttures Frame structures
0-5000  >5000 &a >503&.‘0 5000 55000 yuan 0-5000  >5000
yuan yuan ¢ *q" &3 yuan yuan yuan
35.12%  11. 3 \)4 79%‘@70 31.34%  72.52% 498%  5.35%
By countl d anal e housing destroyed status of each intensity zone, we can

able intensity matrix and house damage matrix. The following
10 matrix of intensity area.

build various btildings
table lists the destruct

Ta® The Destruction Ratio Matrix of Intensity Area
4

* Heavy Moderate  Slight

Inten;@ Structure type Destroyed  damage damage damage  Well

VU Frame structures 0 0.12 0.95 17.32 81.61
% Brick-concrete

structures 0.05 0.35 2.95 20.19 76.46

VI Brick structures 0.91 0 25.58 0 73.51

VI Civil structures 1.24 0 29.80 0 68.96

VI Frame structures 0 1.39 8.77 32.91 56.93
Brick-concrete

VI structures 0.38 4.46 15.32 31.36 48.48

VI Brick structures 5.03 0 54.83 0 40.14
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VI Civil structures 7.80 0 53.61 0 38.59

VII Frame structures 2.19 7.96 13.49 47.36 29.00
Brick-concrete

VII structures 2.30 14.61 35.23 31.85 16.01

VII Brick structures 27.01 0 63.92 0 9.07

VII Civil structures 27.68 0 65.51 0 6.91

X Frame structures 0 12.00 33 34 21
Brick-concrete

X structures 11 38.15 145 18.05 18.3

IX Brick structures 53 0 47 0 0

IX

Civil structures 59.10 0 40.9 0 0,*
The following table lists the destruction ratio of housing.

Table 6. The Destruction Ratio {f“using %@
igh

Heavy Moderats, J g

Structure type Destroyed damage e 4 da Well
Frame structures 85 55 \_J5 \VS 2.5
Brick-concrete
structures 85 55,\0 23\% 2.5
Brick structures 90 2.5
Civil structures 90 CQ‘ o\W 0 2.5
Reset price refers to the cost f ing dam)&houses restoration to pre-earthquake
standards required of the sam§S sed rrent prices. Referring to reset price of
Yunnan, combined with the actu |tua io Shangri-La earthquake, we calculated the

housing unit-price of Shan a and Da\' ble7).

e 7. Reset Price

" Brick-concrete Brick Civil
structures structures structures
Unit-price 1000 700 500

3.3.3. Applicatid@

The totaﬁées damaged area obtained using the house destroyed area model and the

e zone data was 946,882.17 m2. Additionally we integrated the model and

to obtain more comprehensive results. In this paper, the ArcGIS software which

by ESRI company was chose. Using GIS, the spatial distribution was obtained

n this basis, it was possible to obtain the whole spatial distribution map of earthquake

areas by utilizing the spatial interpolation tools which were provided by ArcGIS. The
following map reflects spatial distribution of houses damaged [11].
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\/‘

The purple areas indicate the regions where houses Wer hile houses in
e hea damag a in the VIII and

, comp&?\og hangri-La, with the

ic level of the region.
We counted the house economic losses caus ﬁquake at 736,728,200 yuan
i c

Figure 10. Spatial Distribution of HousxDamage

with the above data. At the
aged economic loss according to
onomlc level, and geology. The

same time, we obtained the spatial distri
ment
tion of hobses destroyed economic losses.

regional housing structure, housmg
following figure shows the spati

Legend
®  Village
' | v
viI
vI
L | wr Hich

| I
- L.

Figur e Spatial Distribution of Houses Destroyed Economic Losses

e ic level of Degin County which is one of the most impoverished counties, the extent
0 aged houses in Degin was more serious than Shangri-La. But, it’s relatively low cost
of repair and replacement lead to the houses destroyed economic losses being less than
Shangri-La. The map reflects this feature (Figure 12).

The number of lost houses was 15,786, which was obtained using the lost house model and
the above data. According to the housing structure, population density, we can get the
regional distribution of lost homes.

%L;@destroyed are closely related to the local economic level. Due to very poor
f
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Legend
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e : \/
Figure 12. The Spatial Distribution of Lost Homes @E
S

The number of lost homes was related to the damag tfon 0 es and the
population density. Although relatively fewer Shangri-L ses e damaged, the
population density in this region is much larger; the ost their homes in
this area is relatively greater. (K/

4. Conclusion

The advantage of GIS is its ablllty |veI rstand the spatial distribution of
natural and socio-economic of areas qua . e assessment model can quickly
evaluate housing losses and casualt ed on h| data and the earthquake monitoring
data. Integrating GIS and eart&q& mag ssment model can help master the spatial
distribution of earthquake | This rowde emergency command centres a
convenient way of acces earthqu rapidly. However, it is very important to
improve the predlctlon @/ thr(& er research before implementing such a system.
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