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ABSTRACT

Keywords: Gushan District of Kaohsiung City, Urban disaster prevention spatial system
planning, Disaster prevention living district, Disaster prevention map, Google earth

1. Introduction

Nowadays Architecture and Building Research Institute (ABRI), Ministry of the
Interior promoted many disaster prevention spatial system planning projects on selected
city and country areas around Taiwan. This project aims to implement this mechanism in
Gushan District of Kaohsiung City for action plan in 2007.

2. Research method and procedure

This project conducted field survey for disaster prevention information including
location attributes of evacuation, logistics, medical, police and fire station using GIS.
Then TELES (Taiwan Earthquake Loss Estimation System) was applied for scenario
analysis. And the results were used for review in spatial system availability. Finally the
conclusions of comprehensive review proposed a structured planning system for
references in urban planning periodical review.

3. Main findings

(1) The simulation results from TELES showed, that (a) Structures damaged estimate:
most surveyed area accounted for 11~50 units. Besides, new land readjustment area
existed damages potential. Therefore we have to consider the priority of resources
planning. (b) Wounded population estimate: the highest figures appeared in weekend and
commuting, then the night time. Apparently there located many tourist spots and attracted
many visitors in weekend. Thus we need to consider the special requirements in this
time.

(2)Fields surveys recorded the necessary information of spatial systems. And the
evaluation criteria including road system and shelter areas were redefined for local
characteristics. Then all the definitions will be followed to apply existing regulations.

(3)Considering the road network characteristics some of the shelters required the cross
district support for efficiency. And the National Sun Yat-Sen University was excluded for
the shelter due to the limited width of the links to road network.

(4)Elementary schools were selected as the shelters for evacuations and 10 living area
for disaster prevention were also planned. However the actual demand and service area
readjustments were required to be further reviewed for effective services.

Xl
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(5)Google Earth 4.2 was applied for the disaster prevention map preparations. And the
convenient maintenance and real time update can secure the validity. Especially the
spirit of public involvement will be also encouraged.

4. Suggestions

(1) Short term

(a) Disaster prevention living area planned and educational promotion activities are
necessary for the purpose of the consensus of the residents. (Responsible by two local
town halls, Assisted by Kaohsiung City Government and ABRI)

(b) Action plan applied with Google Earth can run the bottom-up way for better
communications of public participation for disaster prevention. (Responsible by two
local town halls, Assisted by Kaohsiung City Government and A&BRI)

(c) Implementation of demonstration plan is required to be considered in periodic
urban planning by Kaohsiung City. Besides the surveyed high disaster prone areas are
necessary to be included in higher priority. (Responsible by A&BRI, Assisted by
Kaohsiung City Government and two local town halls)

(d) Fire station joined support system in Jo-yin, Sun-min, Cheng-jn and Lin-ya
districts are considered for the insufficient resource allocation. (Responsible by
Kaohsiung City Government, Assisted by two local town halls)

(e) Disaster prevention knowledge and information networks integration can help
volunteer works in community and through formal school education can link to family
units. Finally the proper communication system can smooth the rescue respose in times
of disaster. (Responsible by Kaohsiung City Government, Assisted by A&BRI, two
local town halls)

(2) Long term

(1) Disaster prevention parks planning and designing in with places of greater than 1
ha area is required. However the functions must include fire resist forest, night
illuminations, quake resist reservoir, power generator, wireless facility and
communication center. (Responsible by Kaohsiung City Government, Assisted by two
local town halls)

(2) Reduction of the earthquake damages including higher standard of construction
code of quake resistance are required and some subsidy by competitive loan interest rate.
Hopefully the structures improvement can reduce the possible damages by huge quakes.
Besides the land use control via capacity limits and set back of the road side building can

X1
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be discussed in review plan. (Responsible by Kaohsiung City Government, Assisted by
two local town halls)
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Urban Disaster Prevention Shelter Vulnerability
Evaluation Considering Road Network
Characteristics®

Yung-Lung Lee!*, Ming-Chin Ho*®, Tsung-Cheng Huang'¢, Cheng-An Tai'’
Abstracts

Recently there occurred large scale national disaster around the world and cause
tremendous damage to life and property. Therefore urban safety has become a critical
issue, and disaster prevention and mitigation have also been involved in the urban
development and infrastructure construction. When earthquake disaster occurred, road
network plays major roles of rescue activity responding to damages around city. Urban
disaster prevention spatial system aims to mitigate hazards considering the shelters,
routes for evacuation and rescue, and logistics of the necessities. Nowadays literature
review shows many related to the disaster prevention shelter survey after or before
hazards, but the reliability of the shelter evaluation are still less concerned. This study
aims to the accessibility evaluation of shelter in consideration of road network. We
construct 10 selected index individually related to road networks. Then 3 integrated
composite indexes are also established to explain the risks of planned shelter and
demonstrate using Arc GIS diagram in terms of a spatial concept of urban planning
review process. The relationship of shelters and evacuation/rescue routes are very
important for disaster prevention planning. This survey tries to find out the factors of
road networks, fire engine rescue routes, fire station location and road/population density
for the vulnerability evaluations.

Keywords: Geographic Information System, Urban Safety, Road Networks, Shelter
1. Introduction

Great earthquake always caused huge damages to human life and property. In 1999
the 921 great earthquake fiercely damaged the central part of Taiwan and there exhibited
the insufficient preparation in urban disaster prevention. After quake there were many
rescue works to be done in the mean time. However the road network could be damaged
and made many isolations and hazards for rescue in golden 72 hours. Urban safety has
been the important subject in urban planning and development. More land development
projects are required the preparation of the disaster prevention plan. Due to most of the
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planning issues focus on jural system and immediate rescue, therefore the disaster
prevention plan nowadays has been requested in the official urban planning. However the
static plan is necessary for periodical review and the disaster prevention ability also
should be verified by monitoring indexes. This study aims to establish an easy review
process to the urban shelter planning in terms of the fire station rescue optimum location.
There are 10 independent indexes are selected as three composite indexes. The surveyed
area located in Gushan district, Kaohsiung City. And the urban emergent shelters for
temporary evacuation are filed and retrieved in Arc GIS. Then all the evaluation results in
terms of CI-1~CI-3 can be displayed in a visual map and could be reviewed in the urban
disaster planning.

2. Literature review

Urban road network efficiency will change after earthquake due to the damage of
the road with collapsed building and blockage. Therefore a disaster—resilient urban
planning is critical. Tsukaguchi and Li (1999) surveyed after Hanshin-Awaji earthquake
and applied discriminate model to verify the causes of the road closure. Then a
simulation model was developed for different network structure improvement for road
network design. Odani and Uranaka (1999) also analyzed the traffic condition in the case
of immediately after the Great Hansin-Awaji Earthquake, not only main roads, but also
other minor roads suffered great damage. As a result, a great deal of car traffic centered
on the limited road and a huge congestion occurred through the examination of aerial
photos, and also analyze the influence of damages to traffic flows on both main and
minor roads in the affected area. Lee and Yeh (2003) also surveyed after the 921 great
earthquake and introduced the same procedure (Tsukaguchi and Li, 1999) found the
street width less than 4 meters was the main reason of the road closure after quake. Chen
et al. (2002) combined reliability and uncertainty analysis, network equilibrium models,
sensibility analysis of equilibrium network flow to assess performance of a degradable
road network. It is useful for the road network improvement.

3. Model

This study aims to the evaluation of shelter accessibility considering road network
system. For the purpose of evacuation after quake shelters will be located as near as
possible to residents. However shelters should also be taken into consideration of the
safety without road blockage and efficiency of the rescues within fire station service.
Hongo et al. (2006) considered the local characteristics of rich culture heritages city in
Kyoto and used the road network viewpoint in terms of 10 independent indexes and 3
composite indexes for evaluation. Therefore in this study we modify some of the indexes
contents for applying to the urban area evacuation shelters evaluation. Each index is
explined as the following:

X, : Road width >8 M, fire station to shelter shortest route

, . Road width >15 M, fire station to shelter shortest route
: Road width >20 M, fire station to shelter shortest route
: Shelter field area to Road width >8 M shortest route

: Shelter field area to Road width >15 M shortest route

s . Shelter field area to Road width >20 M shortest route

w

~

(421

X
X
X
X
X

218



xﬁ%@._l. —

X, : Network distances / linear distance (fire station to shelter) = X, /shortest

distance between fire station to shelter
Xg - Urban planning road ratio (urban planning road area / urban area)

X, : Neighborhood urban planning road ratio (neighbprhood urban planning road

area/ shelter located neighborhood area)
X, : Shelter located neighborhood population density

For the purpose of comprehensive analysis we further integrated the 10 indexes as
3 Composite Indexes (CI) for comparison.

X+ X, + X+ X, + X+ X+ X, + X+ Xg+ Xy
10
considering the substitution relationship of indexes.

Cl-1: Y = , applied additive rule

Cl-2: Y = X x X, x Xy x X, x X x X x X, x Xgx Xgx X, , applied multiply rule
considering the independent relationship of indexes.

X1+X8XX2XX3XX4+X9

Cl-3: Y =

x Xgx Xgx X, x Xy, cOnsidering

substitution of X, and X,, X, and X, using additive rule and integration using
multiply rule.

4. Results and Discussions
4.1 Data collection

In this study we select elementary schools, junior high schools, senior high schools
and university as the shelters candidate in Gushan district, Kaohsiung City. Then we
considered field facility can be used for temporary evacuation and camping. And
classrooms, offices, kitchen can also be used for the daily necessity and logistic
managements. Therefore all the shelters location in the surveyed area is represented in
Fig.1.

According to the definition of the independent index data are collected and showed
in Table 1. Then we further define the index evaluation criteria as the following:

1. Index X;~X3: the shortest distance of fire station to shelters in Gushan district is
5,940 meters. The criterion is assumed as 6,000 meter.

2. Index X4~Xg: considering the reasonable distance of shelters to the nearest link
greater than 8 meter is as near as possible. The criterion is assumed as 1,000
meter.

3. Index X7: the ratio of actual distance to the nearest linear distance.

4. Index Xg~Xg: ratio of ward road area to urban planning area in Kaohsiung City.

5. Index Xio: ratio of shelter located neighborhood population to area.

4.2 Safety evaluation of the shelters

Table 3 is derived from Table 2 using composite index definition. The scale is 0~1
with interval 0.01. The smaller the figures mean the evaluation result is safer, and vice
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versa. Finally we apply the Arc GIS for the visualization in terms of the CI-1~ CI-3.
Then the relative safety can be judged and the candidate sites also can be easily
estimated. The evaluation results are illustrated in Fig.2~4 and discussed in the
following.

The Fig.2 shows S-1 (National Sun-Yat-Sen University) is far away from the fire
station in Gusun district. In other words S-1 shows the potential danger after quake.
However S-1 is also near by mountain (Shou Shan) and the connectivity is limited in
only one path (8 meter width). Therefore the risk of links will make the rescue more
difficulty.

The Fig.3 shows S-5 more dangerous due to (1) the local road area is relatively
lower than others, (2) the population density is higher than others. Therefore it is
necessary for further consideration.

Finally the CI-3 shows S-1, S-5and S-13 more dangerous due to the urban planning
road ratio is lower than other district. The blockage of the road network and
connectivity should be reviewed.
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Tablel Evaluation data of each shelter

Kﬁ»ﬁ—_l. -

=
o

S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12 S-13

X, 2606.83 4707.31 3421.28 3892.50 5956.79 1509.87 3855.87 2345.60 4186.00 5968.00 634.11 1272.24 5700.95
X, 2735.48 4738.44 3893.10 4023.47 5956.79 1632.49 3855.87 2434.95 4315.90 5968.00 706.98 1314.60 5700.95
X, 3623.03 5579.25 3893.10 4023.47 6644.24 1861.24 3855.87 2637.98 4395.07 5968.00 1067.66 1314.60 6756.89
X, 128.65 31.13 118.62 125.74 111.61 122.62 52.66 70.11 81.84 111.35 68.13 65.86 50.08
X 156.98 31.13 150.82 130.97 111.61 235.32 52.66 89.35 129.90 111.35 72.87 223.05 50.08
Xs 1089.23 400.53 150.82 130.97 111.61 381.37 52.66 292.38 209.92 111.35 433.54 223.05 1056.89
X 2606.83 4707.31 3712.28 3892.50 5956.79 1509.87 3855.87 2345.60 4186.00 5968.00 634.11 1272.24 5700.95

! 1016.20 3777.69 3048.12 3312.35 5003.48 1077.40 3209.15 2010.60 3624.47 5084.93 435.37 1087.70 4591.03
Xg Road area: 1420123.59m? Ward area: 20638246.06m? Urban planning area:19218122.47m?
X 1092450.58 | 1437957.55 | 268412.32 | 129410.51 | 237229.17 | 719213.74 | 134066.76 | 140386.62 | 123716.06 | 205733.78 | 97462.31 719213.74 | 1122917.96

° |3686921.06 | 1884344.38 | 2748493.10 | 200413.94 | 238871.38 | 1271358.90 | 179721.93 | 254175.23 | 163170.36 | 223999.76 | 222196.51 | 1271358.90 | 1373234.97
X 6325.35 4354.26 894.91 17310.00 | 27630.77 |2724.73 23372.22 | 15590.27 | 18037.50 | 12190.91 | 8872.73 2724.73 7837.23

Remark: © X, ~X,;:m, @ X;~X,:m, ® X,,: person.
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Table2 Independent index results of each shelter

ol acility | oy 1 so | 53 | s4 S-5 s6 | s7 | s8 S99 | S10 | s11 | S12 | s-13

X, 043 | 078 | 057 | 065 | 099 | 025 | 064 | 039 | 070 | 099 | 012 | 021 | 095

X, 046 | 079 | 065 | 067 | 099 | 027 | 064 | 041 | 072 | 099 | 012 | 022 | 095

X, 060 | 093 | 065 | 067 | 1211 | 031 | 064 | 044 | 073 | 099 | 018 | 022 | 113

X, 013 | 003 | 012 | 013 | 011 | 012 | 005 | 007 | 008 | 011 | 007 | 007 | 005

X, 016 | 003 | 015 | 013 | 011 | 024 | 005 | 009 | 013 | 011 | 007 | 022 | 005

X, 109 | 040 | 015 | 013 | 011 | 038 | 005 | 029 | 021 | 011 | 043 | 022 | 1.00

X, 257 | 125 | 122 | 116 | 119 | 140 | 120 | 117 | 115 | 117 | 146 | 117 | 1.24

X, 093 | 093 | 093 | 093 | 093 | 093 | 093 | 093 | 093 | 093 | 093 | 093 | 093

X, 057 | 076 | 010 | 065 | 099 | 057 | 075 | 055 | 076 | 092 | 064 | 057 | 082

X, 064 | 044 | 009 | 175 | 28 | 028 | 237 | 158 | 183 | 1.24 | 090 | 028 | 0.79

Table3 Composite index results of each shelter

- Facility| ¢ S-2 -3 S-4 S-5 S-6 S-7 S-8 s9 | s10 | s11 | s12 | s-13
Cl-1 0758 | 0.634 | 0463 | 0.687 | 0933 | 0475 | 0732 | 0592 | 0.724 | 0.756 | 0.492 | 0411 | 0.791
Cl-2 0.00235| 8E-05 |6.6E-06 |0.00079 | 0.00444 | 4.8E-05 | 6.5E-05 | 0.00012 | 0.0012 | 0.0016 |4.3E-06| 6E-06 | 0.0019
Cl-3 0.01884 | 0.00164 | 8.6E-05 | 0.00474 | 0.02339 | 0.00061 | 0.00091 | 0.00178 | 0.01034 | 0.00851 | 0.00016 | 0.00014 | 0.0215
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5. Conclusion

The residents are required to evacuate after earthquake and the planned shelters
should be reviewed in advance for the safety. There are many different kinds of
evaluation methods for the purpose of quake resistance. However the basics of the
planning are the efficient performance of the road network after earthquake. This study
mainly focuses on the road network connectivity to the rescue location and the results are
concluded as the following:

(1)The CI-1 shows the more dangerous shelters are S-1, S-5, S-10 and S-13. The
reason for S-5, S-10 and S-13 is the far distance away fro the fire station and could be
improved by relocation or new establishment of the fire station. However S-1 is more
difficult to improve due to the landscape then the shelter not recommended locating
here.

(2)CI-2 shows S-5 need more consideration because of the far distance to fire
station and high density. The improvement will be considered with community disaster

prevention plan.
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(3)CI-3 shows the S-5, S13 and S-1more dangerous due to the lack of road area in
this district and the blockage of the road network should be reviewed using other
methods to reduce the probability of road closures after earthquakes.

Finally this study considers the road network and applies a simple composite index
to explain the complicated situation when earthquake occurred. However the results
also ignore some factors and should be added and improved in further study.
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Appendix Reference table of the shelters

Shelter Names Shelter Names

S-1 | National Sun Yat-sen University S-8 | Ku Yen Elementary School

S-2 | Chung-HWA School of Arts S-9 Nei Wei Primary School

S-3 | Gushan Senior High School S-10 | Chung Shan Elementary School
S-4 | Dah Yung Senior High School S-11 | Gushan Elementary School

S-5 | St. Paul’s High School S-12 | Shou Shan Primary School

S-6 | Shou Shan Junior High School S-13 | Lung Hua Primary School

S-7 | Jiourn Primary School -
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