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ABSTRACT

Keywords: Urban disaster prevention, Shelter location and allocation, Taiwan
Earthquake Loss Estimate System, Hazard map, Google Earth

1. Introduction
Due to the experiences of 921 Great Earthquake urban disasters prevention system

has considered the evacuation routes and shelters location in the plan. This study tries to
propose a simplified shelter location evaluation process in terms of safety. In addition
effectively integrated the simulated results of TELES with GIS and Google Earth
residents demand can be well reflected in optimum shelter location via public
participation.

2. Method
Firstly considering road network characteristics of case study area Shin-hua

Township Tainan the simplified evaluation indexes are constructed and then multivariate
analysis is applied for the common factors extraction for the easy display in GIS system.
Next SITATION and LINGO are used for modeling optimum shelter location and
alternative places review. Finally Google Earth is selected for the comprehensive
information display for the public participation.

3. Conclusion
(1) Location evaluation of shelter service ability consider a. Residential zone to nearest

emergent routes, fire station, police station and shelter nearest routes; b. Residential
zone quantity; c. Evacuation weakness group. And then we apply GIS spatial analysis
to explain shelter vulnerability.

(2) Optimum shelter location consider the ratio of evacuation population after disaster,
shelter service range, and shelter capacity. We further apply SITATION and LINGO
for optimization process. Then shelter alternative decision is considered in terms of
equity and efficiency.

(3) TELES (Taiwan Earthquake Loss Estimate System) provides an efficient simulation
technique and the results can be displayed in GIS format. The contents include PGA
spatial distribution, collapsed structures in spaces, daytime and nighttime casualties.
The output results can be well considered and discussed in disaster prevention plan
designed and reviewed in normal time. The output can be made a hazard map for the
purpose of public participation.

(4) Integrated with TELES and Google Earth an urban disaster prevention map
(including hazard map and spatial elements) can be maintained effectively through
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internet and telecommunication. The benefits of the integration can be easily updated
with related information ex. facility photos and descriptions. Especially Google earth
offer KMZ file that is a small size and portable. Besides the interactive platform also
give a quick and through communication from public participation.

4. Suggestions
(1)Immediate actions

a. Shin-hua Township shelters disaster prevention service availability. (Responsible by
Tainan County Government and Shin-hua Township Office, Assisted by National
Disaster Prevention Protection Commission, National Science and Technology Center
Disaster Reduction)

The results applied with Factor analysis show the most loading factors as two factor
dimensions: Factor 1 (Road mechanism disaster prevention) and Factor 2 (Earthquake
disaster risks) account for 59.421% explainable variances. Next step we reduced the 6
factors as two dimensions. Then using cluster analysis with theses two dimension as
external criteria for classifying the total surveyed 119 residential area as risky and safety.
Therefore Arc GIS is applied for the evaluation results in visualized map. The results can
find (a) Shin-hua Senior high school and Da-sin elementary school locate in the risky
area close to the fault line (in the north boundary 900 meters away) and far away from
fire station (located in the south part) cause the north parts relatively risky. (b) The south
west parts near two shelters (Chen-sin elementary school and Athletic park) concentrated
with evacuation weakness caused this area relatively risky. (c) Shin-hua junior high
school and elementary school located in relatively safety area due to closer to fire station
and emergent road and distant away from fault line.

b. Shin-hua Township shelters allocation (Responsible by Tainan County Government
and Shin-hua Township Office, Assisted by National Disaster Prevention Protection
Commission, National Science and Technology Center Disaster Reduction)

According to the location analysis the existing performance of shelter services can
only reach 73.1%. The fact is most shelters locating in the outskirt and causes the
evacuation more distance away. The simulation results account for additional 3 shelters
developed to reach 100% level. The priority will be park, parking lot no.2 and no.5. The
shelters location decisions consider not only location but also cost performances of
shelters.

c. Weekend consideration principle of disaster prevention (Responsible by Tainan County
Government and Shin-hua Township Office, Assisted by National Disaster Prevention
Protection Commission, National Science and Technology Center Disaster Reduction)

Xl
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Refer the TELES simulation results the casualties appears the highest numbers
64.15 persons in the nights and the second 56.1 persons in the weekend and commuting
time. Due to many touring spots there are many visitors in weekend and holiday. The
special considerations of weekend disaster prevention are required.

(2)Mid and long term suggestions

a. The loss reduction measures (Responsible by Tainan County Government, Assisted by
Shin-hua Township Office)

Considering earthquake loss reduction the public buildings with weak structure
should be strengthening in the first priority. However the proposed shelters development
alternative can be decided by efficiency and finance. Besides the TELES simulation risky
potential areas are suggested to limit the land use and development under urban planning
periodic review. The simulated vulnerable areas are suggested for communication and
practical exercises to stay alert.

b. Application of the simplified method of shelters services (Responsible by Architecture
and Building Research Institute)

Location evaluation of shelter service ability consider (a) residential zone to nearest
emergent routes, fire station, police station and shelter nearest routes, (b) residential zone
quantity, (c) Evacuation weakness group. And the then we apply GIS spatial analysis to
explain shelter vulnerability. However the limit of time and data the further study can
consider architecture structure, density of residential blocks, the nearest distance of
shelters to emergent routes (width >20 M). And the review of the interior of shelters can
be enhanced to similar requirement of disaster prevention parks.

c. Application of SITATION software consider investment cost and performance to
evaluate the location optimality (Responsible by Architecture and Building Research
Institute)

The shelters optimum allocation consider disaster evacuation ratio, routes
availability, shelters service range, and shelter capacity and apply SITATION software to
find the optimum analysis. The related variables can be modified according to local
characteristics, for example (a) Routes availability can further consider the net road width
to reflect the realistic condition. (b) Shelter capacity estimate could be modified by field
survey record to reduce the possible bias of direct estimates. (c) The evacuation
weakness (age <12 and >65) should be further studied for their preferences and habits
and be well reflected in the decision model.
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%o 4r R LINGO it 7 447 S A MF 2L < 3

* SR 1 ¥i%5i SITATION i 7% 3% » 20 @ 2-
SITATION #c%8 = Daskin( 1995 )iz & Network and Discrete Location:
Models, Algorithm, and Application #c# & #1fe & chgedg > 2 ¢ ¥ 1y
FfE T A% R A > ¢ 35 P-median Problem ~ P-center Problem -
Location Set Covering Problem -~ Maximal Covering Location
Problem ~ Uncapaciated Fixed Change Problem % i* %% o pt ¢k »

SITATION #c#8~ 3 & Mapping (B 25f2 ) F FF» 7 U3t & 8LE 4 o

Arc GIS LINGO
LR RS R A 45 B AT
e FRE T RN
IROEE 36 !
2H T AL R s
3&%»% K
445 |
5.8 i {7 A 47
. I
BT gy
i A
ok % 14% %
3.4 Fl 2.4 %
FeEEA R
1.3k % PRA%# 1 ]
2.4 T A R
3.4 2148 %

Bll % =E 4% 4 47405 B
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Google Earth
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Sitation #ic #8 H#%
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AFTH® 2 RES
B iy B 5 o ik 2

AT RTH KR B
A B SRR 2 T PR

B. B if #F K95 BEH 28 2 B

B 2 SITATION #c %8 % %% H

S B T P

Ho (5

wm

SITATION Abount Box

SCD Integrated Location Inventory Model

Max Hodes = 300

More Info

SITATION

SITATION #4g+ 4
f# Maximum Covering,
P-Median, Uncapacitated
Fixed Charge, P-Center,
Set  Covering, Partial
Covering P-Center, Partial
Covering Set Covering,
SCD Intergrated Location
Inventory Model % 5% >
B % 300 B a8 o
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SITATION it %8 4
% »Load Dataﬂi%lﬂln\’}fr?
;}i o

-Then you:have to SET
sOme parameters
: B N

“Or MAP the results

Or EXCHAMGE Sites
Manualhy

- You can always EXIT
Exit SITATION SITATION
-

, A ST R B
AN

Specify Distance Metrii Begin by specifying the distance metric

¢ Euclidean Great Circle (shortest
¢ Great Circle distance on a sphere),
LI Manhatta (right angle),
| Metwork Network ; i # Creat
| Then specify the demand file name Circle -
K| | Specify Weight On Demand Set 1

| Then specify additional candidate sites if desired

Dist. File Creation

~ Then specify how distances will be obtained

~

MNext specify the name of the distance file

Finally click here to load the data

Gancel | Or ___ Click here to cancel
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2Ix]

() DesktopGarpletup_1 1 6

[ LOCATIONZipped

[ SITATION Documertation

|5 TimeDependent )P rojectd Class
|5 T3P Zipped
|#]150city gt

S | i3 Farlity Location Software

%] City1990 gt
% Burope150. it

o E-

(%] Shin
u Sorte

[

|%] Shin-hooa Township Case Study? gt
|#)Shin-hua Township Case Stody.grt
|%] Shin-hooa Township Case Studd gt

BFRAB: |Shin-hua Township Case Studys grt

TEFAERND): |hreat Cirele Distance Data File

ﬁ»&ﬁ?ﬁo

!! Shin-hua Township Case Study5_grt

2

BEE REE BA0 WREO HOE

RN I N

o

18
11
12
13
14
15
16
17
18
19
20
21
22
23
2y
25
26
27
28
20
30
3
32
33
3n
35
36
a7
38
30
48
N
u2
u3
nl
i
u
u7
n
uo
58
51
52
53
5y
55
56
57
58
59
68

=

folr=)

177917.78999000000
178597.55999000000
1783208.90999008680
178086 .34999000000
178308.049990000080
178615.16900000000
178558.31900008680
178551.279990000080
178292.86999000080
177637 .82990008680
177732.26999000000
177855.03999000000
177547 .78999000000
178065 .28990008680
178282.259990000080
177729.71999000080
177573.33157200000
178441.299900008680
178511.179990000080
177509 .589990000080
177848 .29990008080
178027 .629990000080
178057 57999008000
177732.26999000080
178254 .50990008680
178596.82999000000
178497 .549990000080
177564 .81990008680
178416.34990008680
178424 83999000000
177928.709990000080
178015.03990008680
177451.80999000000
177314.229990000080
178503.929990000080
177737 .55900008080
177831.16999000000
177330.13999000080
177236.19999008680
177914 .80999008680
177991.019990000080
177300.57999000080
177522 .67999008680
178163.799990000080
177668 .38999000000
178350.859990000080
177727 .05990008680
178411.929990000080
177897.099990000080
178588 .78900008080
177496.71999008080
178129 .88999000000
177625 .88999000000
1777108.36999008680
178331.63999000000
178321.71999000080
177876.010000000080
178094.39990008680
178231.12999000000
178043.05999000000

2548156 .15998000000
2548222 .85998000000
2548247 4199860808600
2548343 69998000000
2548366 .50998000000
2548387 73998000000
2548389 .2199860808600
2548418 56998000000
2548449 48998000000
2548482 4299860080800
2548485 06998000000
2548488 01998000000
2548491.76998000000
2548511.799986080800
2548526.33998000000
2548560.11998000000
2548541 14497 0000600
2548572 6509860808600
2548605 .25998000000
2548606 .24998000000
2548616 43998608000
2548622 67998000000
2548625 85998000000
2548629 .63998000000
2548634 . 639986000600
2548645 19998000000
2548667 70998000000
2548670. 0839986000000
2548670.199986008000
2548671.28998000000
2548693 .73998000000
2548697 629986008000
2548716.51998000000
2548724 42998000000
2548803.17998000000
2548825 640986000800
2548847 . 07998000000
2548848 .49998000000
2548854 05098600000
2548863 . 899986000600
2548877 69998000000
2548881.94998000000
2548891 _87998600808600
2548910.79998000000
2548923 .34998000000
2548935.10998000000
2548036 . 88998600000
2548939 07998000000
2548971.46998000000
2548077 509980080800
25489098 54098000000
2549021.90998000000
2549022.20998000000
2549835 .7089986000800
2549054 55998000000
2549068 . 44998000000
2549113.37000000000
2549120.7699860080800
2549196.25998000000
2549215 . 00998000000

12500 12500 1<Sport Park>

428 428 1

952 952 1

800 800 1

1103 1163 1

995 995 1

327 327 1

463 463 1

782 7821

26848 2048 1<Jheng-Sin Elementary School>
789 7891

1098 1098 1

390 3981

18397 1397 1

1317 1317 1

378 378
a1 a1
858 858
59% 599
436 436
955 955
998 998
1866 1066 1

1871 16871 1

1641 1641 1

5179 5179 1<Shin-Hua Junior High School>
389 389 1

832 8321

1671 1871 1

969 969 1

B42 442 1

911 911 1

1629 10829 1

450 450 1

2880 28868 1<Shin-Hua Elementary School>
1221 1221 1

M3 31

2330 2336 1<Da-Shin Elemenary School>
263 263 1

859 859 1

914 9141

424 424 1

624 624 1

1401 1401 1

614 614 1

912 9121

968 968 1

6330 6330 1<Shin-Hua Senior High School>
1821 1821 1

138 138
605 605
921 921
595 595
787 787
339 339
539 539
768 768
623 623
Gul 644
mooin

[ Y

[ Y Yy

=

FALE P BB G
AR A (T L
VA R~ 1) #g
B E A
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SITATION Load Data Form

Specify Distance Metrii Begin by specifying the distance metric
Fife to Read = SHin-hua Township Case Studys.gn
7& Nodes in fite with nanres

5

-

-

| Then specify the demand file name

Line 1 (Dern. Made Filg) = 1177917.78999000000 26481 56.1 5398000000 126 ~

< >

4] __|*| Specify Weight on Demand 1 (W=1)

Specify Candidate 5“95| Then specily additional candidate sites if desired

0L [FINE e Then specify how distances will be obtained

" Read Distance File [T Check to Use Kilometers

| Hext specify the name of the distance file

Exit and Load Data | Finally click here to load the data

Cancel | Or __. Click here to cancel

B EEHLET ] 0k ALE2

mel oo A R

u>\_

R

g

SITATION (facility location software) by M_S_Das__ [ || 1 |[5X)

| he showm...
Click 1o Hide

'l'l:ll.l can set g the
mnlarat aryg time

Hide Hinis

Then you-hawve to SET
some parameters

“Or MAP the results
Or EXCHANGE Sites

Manualhy

You can always EXIT
SITA'[IO;'

Set Parameters éi%l IS
B ELY B IR 3§ )

163




S IR 27 S I AT F S

Ha (%5 )

wm

Set Parameters

Use this form to set parameters. You
must set the coverage distance and the
cost per mile before you can run any

COverage Distance|4l3l:|

Cost per Mile{ 0000000000000

Cancel ‘

Force Modes ‘

Initialize Modes ‘

Coverage Disaster ﬁ%l
* EFELYE BEPR AR BEAE 0 BE
BT LI R
rx 1o

+ SITATION (facility location software) by M. S. Das... [2 |[51[B=]

Sitafiorr A ain Merniu

gk
[}

Hide Hinfs
Print Sefup

Load Data
ey

Set Parameters

Run Models
Tradeoff Curves

Exit SITATION

n

Display the ABOUT box for
SITATION

Hints will be shown...
Click to Hide

You can set up the
printer at amy time

First you hawve to LOAD
the data

Edit or View the data

Then you have to SET
sS0me parameters

Mext you can RUN the
models

Or generate TRADEOFF
curves

Then you can DISPLAY
the results

Or MAP the results

Or EXCHAMNGE Sites
Manualhs

You can always EXIT
SITATION

Run Models ﬁ%l » B
A Sl T

# | Run Models Foxrm

Selecta Problem to Solve
¢ MaXimum Covering  Set Cowering
© P-Mmedian ~ P-center

" PArtial P-Center
¢ Integrated In¥fLoc (SCD) Mode

" Uncapacitated Eixed Charge ¢ ParTial Set Covering

£ 3 Maximum
Covering, Set Covering,
Partial P-Center, P-median,

P-Center, Intergrated
Inv/Loc (SCD) Model,
Uncapacitated Fixed

Charge, Partial Set
Covering % F* 258
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e
1 VL 4
" Run Models Form i ¥ ’EE *3—- By it JJ%
ielect a Problem to Solve . . Maximum Coven ng, /ﬁ _;H,;
o ol ol = VY +d 4 1
. . s+ ¥ # Lagranian
Select an Algorithm Relexa“ on: IE_' ”}; ﬁi/ﬁ'_% 'iﬂé:,
" Greedy Adding " Greedy Adding and Substitutio™ Lagrangian Relaxation
2460 o
Number to Locate ’57
wiew and Set Lagrangian Options Cancel

% # Display

* SITATION (facility location software) by M. S. Das... [2 |01/ Result 5 44 4 5 2 & -

Sitation Main Men
’ ight, 1 h . i
Display the ABOUT hox for

SITATION

Hints will he shown...
Click to Hide

You can set up the

printer at any time

First you have to LOAD
the data

Edit or View the data

Then you have to SET
some parameters

Load Data

Set Parameters

Run Models Next you can RUN the
models

Or generate TRADEOFF
curves

Then you can DISPLAY
the results

Or MAP the results

Or EXCHANGE Sites
Manualhy

You can always EXIT
SITATION
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% 045027 Basic

Summary Suwnmaries  EXtended Swnmaries K
Summary  Tables

BASIC SUMMARY TABLES

e ceavoies | | Extended Summary Tables
Extended Summary | Traceoff Curve Uncovered Mode Summaty | rﬁ J\ ﬁ;l- o
Azsigned Demand Summsry |

Coverage Summary | Bumber of Times Covered |

Graph Tradeoff Curve Dominated Modes

EXTENDED SUMMARY TABLES

I save Solution to Disk | ## Save Tradeoff Curve | &P save MaPping Data |
AzsignMent to Sites | Fized Costs |
Cower Lists | Lt |lization of Facilty Sites | Bequire Assignmerts |

Quit (return to main menu) |

Location  Summary
(Fidp &)% AT 3 7

Location Snmmanry

# —> Candidate Number TR G OWEEIRE L T
1 => 40 : -

_ BoonA R g abicE
.
3 => 61 2 g .
4 => 63
5 =3> 65
& —> 68

Last Report Cancel
Rext Beport | Prinf Form

T coverages Summary
Coverage Summary Report

Report(# = % Z 4 & )&

No. Times No. Nodes Humber of Demands Percent Coverage 7’]1 I_HJ_ EI" ﬁja ‘%. 6 Tﬁ i@ri‘g%
o 25 16,304 _000000 20_2489 . 2,
1 47 61,636 000000 16 5493 'ig;é' ’ 7‘ ;g —E_ mqﬁ ﬁi‘ﬁ%ﬁgﬂ!"
2 E 2,.578. 000000 3.2018

TOTAL 5 80,518 _000000 100. 0000 ’47\ # ]/i_%‘ ’ ‘:']"ﬁ 20-2489%
il FOARPRARF] o

79.7611 PERCENT OF DEMANDE COVERED

Mext Report Cancel Prind Form
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e

Assignment of Demands fo Sites

Demand Facility

I__astRepor‘t|

Ne:ﬁBepm‘t|

area Site Distance  Covered?  Demand Dem*dist.
1 10 905.0 YES 12,500 11,312,500 ~
2 [1] 2,803.0 HO 128 1,199,684
3 61 1,602.0 YES 952 1,525,104
1 63 122.0 YES 800 331,600
5 63 886.0 YES 1,103 971,258
6 63 1,762.0 YES 995 1,753,190
1 63 2,369.0 HO 321 77,663
8 61 2,866.0 HO 163 1,326,958
9 a0 3,811.0 HO 182 2,980,202
10 [1] 1,146.0 YES 2,040 2,331,840 =

COWERAGE DISTANCE = 2,000.00
Total demand weighted distance = 134.837.641.00
MAXIMUM DISTANCE = 4.737.00

"Cancel |

print Form |

Assignment of
Demand to Sites(F 24
fie T 3B 2y BE) Ag o o A
RBEIL G ARPRAE > TR

;‘F,
m
7 RBLF AIRIE o

|SITATION (facility location software) by M. S. Das___ 2 |51 |[B<]

Sitation Main M Erni

aht, 1

Hicde Hints
Print Sefup

Map Resulis

Display the ABOUT box for
SITATION

Hints will be shownn...
Click to Hide

You can set up the
nrinter at army time

First you have to LOAD
the data

Edit or view the data

Then you have to SET
some parameters

Hext you can RUN the
models

Or generate TRADEOFF
curves

Then you can DISPLAY
the results

Or MAP the results

Or EXCHANGE Sites
Manualhs

You can always EXIT
SITATION

Exchange Sites # ﬁi%l
I OEELR RS T

_%_ o

Exchange Facilities Form

List of Faci

Message Area

g Site o Solution Exchange 2 Stes Try and Do All Subs.
Delete Site from Selution Find Best Exchange Limited # of Exchanges

Exchange 2 Sites( %
B W R R )T M
R T Y L R
gk
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Exchange Facilities Form

Message Area

W (%
W) A F L E 2
(1)~ #E-] (10) -~
L EY (26) 3R
1 (35) < ATR (38) -

Location Snmmany

# —> Candidate HNumber

1 == 1

2 == 10

3 == 26

3 = 35

5 =3 I8

[ 4 8
Last Report Cancel
‘Mext Report | Print Form

Location Summary &z
O YR L S B O
(L)~ 2z #®-] (10)~
FTivE Y (26) 71V F
| (35)~* #7R ] (38)~

Coverage Summary Report:

No. Times No. Nodes Number of Demands Percent Coverage
o 20 17,295 000000 21.47917
1 44 55, 721. 000000 69 2156
2 11 7,492 000000 9.3048
TOTAL 5 80 518 000000 100.0000

786203 PERCENT OF DEMANDE COWERED

Mext Report Prinf Form

Last Report

Cancel

Coverage Summary
Report( ¥ = % Z 4 & )&
IR 6 Yy B IR
2% %) 78.5203% & & ¥
75 9.3048% -
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Exit SITATION R
W AT ECRY o

¢ SITATION (facility location software) by M. S. Das... [= | |BX]

Sttation Main Menu

Display the ABOUT box for
SITATION

. N Hints will be shown...
Hide Hints Click to Hide
Print Setup '(o_u can set up_the
printer at amy time
Load Data First you have to LOAD
the data

dIt DatdlVicw Datd Edit or Wiew the data

Set Parameters Then you have to SET
s0me parameters
Bun Models Hext you can RUN the
models
Tradeoff Curves Or generate TRADEOFF
— curves

Then you can DISPLAY
the results

: Display Resulls

Map Results Or MAP the results
B Or EXCHANGE Sites
EXchange Sites Manualhs
R You can always EXIT
Exit SITATION SITATION
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