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Abstraci—Emergeney sheliers, which reflect the city's ability
b0 respond 10 and deal with ajor publc mergencis to 3 certan
, are essential (o 4 modern urban emergency management
x_\slam This paper is based on spatial analysis methods, using
Analytic Hicrarchy Process to analyze the suital
 Wahan City, The Teshaigue for Order

i Wuhan is good, with 96% of the places reaching the medium
level or above, but the suitability level needs to be further
ibil

the strongest accommeodation capucity while Ji
has the weakest, with noticeable differences.

Keywards—Wuhan City: Emergency shelter: Spatial analysis:
Analytic Hierarchy Proc

L. INTRODUCTION

With the rapid development of cities and the continuous
improvement of city governance systems, urban emergency
management has become the focus of work, Emergency shelter
s significant as it is 2 major component of city emergency
resources and the Important guarantee of people’s life safety.
Nowadays, emergency shellers are required to be distributed
evenly, safe and reliable, adaptive to local conditions, useful
both fn normal times and in an emergency as well as planned

v the long term. However, al present, the construction of
large emergency shelters has the problems of insufficient scale.
uneven distribution, sind incomplete functions,

Many current evaluations of emergency shelters focus on
site selection and aptimization, planning and design, spatial
patiern, and serviceability, For instance, Japanese seholars
Tetsuya and Kayoko [1] use Geographic Information Sys-
tems(GIS) and apply statistical methods and public open data
related to_population and emergency shelters, The present
research aims to conduct a suitability analysis for the emer-
gency shelter allocation quantitatively. Gu ¢t al. [2] evaluated
the rationality of the spatial layout of emergency shelters in
the central urban area of Heyuan City from four aspects
accessibility. service area ratio, per capita accessible refuge
ared ratio, and population allocation gap. but did not combine
the four aspects and conduct an overall evaluation. Xiong et

al. [3] used AHP to evaluate the disaster reduction capability
of the eathquake emergency shelters in Chaoyang District,
Beijing. but did not evaluate the service capacity of the
cmergency places. Yin et al. [4] used AHP to evaluate the
site selection of emergency shelters in Tianjin, combined with
GIS spatial analysis methods 1o evaluate the satisfaction of
14 sheliers in the central urban arca. However, they did not
establish a complete satisfaction evaluation system and did not
compare and analyze the service capacity of the emergency
shelters in cach district.

Based on GIS spatial analysis methods, in this paper, we
use AHP and Technique for Order Preference by Sim
w an ldeal Solution(TOPSIS) methods w evaluae the site
selection and accommadation capacity of emergency shelters.
The factors considered are relatively conplete. and the analysis
of population data is also combincd. chlcnr]y and intuitively

the current thus.
i itaing future planning and Iayout of emergency ahelers

I STUDY AREA AND DATA SOURCES

A. Overview of the study area

In this work. we stwdy the emergency shelters in Wohan
City, Hubei Province. an important scientific and educational
base, industrial base, and comprehensive transportation hub.
It is located u the intersection of the golden waterway of the
Yangtze River and the main artery of the Beijing-Guangzhou
Railway and is known as the Nine Provinces Passage. Wuhan
is also in an advantageous position in the economic geography
circle of China and is the core city of the Yangtze River
Economic Belt, Wuhan has a total area of 8,569 square kilo-
melers, with a permanent population of about 1145 million
in 2021. Up to now, Wuhan has jurisdiction over 13 districts,
including Jiangan Distriet, Jianghan District, Qiaokoy Dis-
trict, Hanyang District, Wuchang District, Qingshon District,
Hongshan Dis aidian District, Jiangia District, Huangpi
Distriet, Xinzhou District, Dongxihu District, and Hannan
Diﬁml

B. Daia sources

The data of Wuhan
work. waler system, elc..

administrative divisions, wraftic net-
are from OpenStreetMap' and

s pesthistaricalimap.ore

from (EEE xpiore. Restritions spaly.

were pretreated through AreGIS software, The directory and
relevant information of Wuhan emerzency shelters, major
hazand sources, hospitals, fire sunions, and public security
organs originate from Wuhan public data open platform®. The
coordinates of these places are obtained thraugh the Baidu
map coordinate picking system and converted to the carth
coordinates. The DEM data of Wuhan comes from geospatial
data cloud”, The data on Wahan City area, resident population,
population density, and other data comes from the Wuhan City
Statistical Yearbook (2021,

1L SUITABILITY EVALUATION OF EMERGENCY SHELTERS
A, Evaluation system

Based on the functions and significance of emergency shel-
ter, the suitability evaluation of emergency shelter is decom-
posed into target layer, eriterion luyer, and index layer by AHP:
Combined with Construction Standard of Urban Community
Emergency Shelters (B 180-2017) and Wuhan Emergency
Project Management Measures, the evaluation
selocted from the four dimensions of effectivencs:
reachability and supportability, and fi
chy process model for the suitability e
shelters in Wuhan is constructed (see Fig. 1.

B. Calewiation of the model

In this study, following the working methods of Chu et
al. 151, the relative importance of each element are obtained
and then the judgment matrices of each criterion layer and
index layer are constructed, and the weights are calculated
after passing the consistency fest (shown in Table 1),

TABLE |
EACH EVALUATION INDEX AND 115 WEIGHT VALUE
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C. Caleulation of the comprehensive index

Caleulate the comprehensive indexes of emergency sheliers
in Wuhan, and get the results of suitability evaluation ac-
cording to the comprehensive index, The caleulation process
mainly includes:

i snEpT—p——
R —
Hhusp ] wubian, gov.endifwhing

1y Establish o geographic information database of emer-
zency shelters in Wuhan City using Arct

2) Give a score to each index. Ci,
antificially graded accarding 1o the d
were given 2, 5 and § points respectively, Other indexes
are divided into 10 levels by using nawral breakpoint
method in ArcMap. and 1-10 points are given according
10 the levels to minimize the influence of subjective
factors,

Use the following formula to caleulate the comprehen-
sive index of each emergency sheller,

&

Conduct suitability evaluation. Divided the calculated
comprehensive indexes into five grades (Table 2). The
suitability evaluation results of emergency sheliers in
Wauhan are shown in Table 3 and Figure 2
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D. Results anafysis

Overall, the emergency shelters in Wuhan arc in good
condition, Among the 28 selected emergency shelters, 14 are
suitable, 13 are medium, and one is sub-standard. Qingshan
Park. located in Qingshan District, has the highest suitability
level, while the Zhuyehai Park in Qiaokou District is the
Towve:

From the effectiveness perspective, more than 57 percent
of emergency shelters scored less than 5 points, indicating
that they have Timited ability to provide help to surrounding
cilizens in response to emerzencies, which is mainly limited
by the number of people they can accommodate. Baibuting
Garden, located in liang an District, needs to be sirengthened
because of its small area, the small nuniber of people, and low
level of effectivencss

In terms of safety, the overall situation is quite good. The
emergency evacuation places of Lianzheng Park, Tnternational
Consention and Exhibition Center. Zhuyehai Park, and W
Square have polential safety hazards because they are close to

Aunorizos oanase =i ot o: Wahan Univarsity. Daurioaned on Decemsar 06,2022 8 D6:00:18 UTC from IEEE Xplws, Aestricions spply

® Improve the calculation and analysis method or example
thedblmaunbereplued byvulhbililyormdllhﬂ& We can also
accurate population density to streets.

@ Different spatial analysis methods can be used and then compared to obtain
more accurate results.

Comprehensive Evaluation of Emergency
Sheltersmin Wuhan City Based on GIS

Tingyu Luo' , Boheng Li2, Jiahao Zhou?, Qingxiang Meng™® ® Closer to the natural and social characteristics of Wuhan, consider more

factors to improve and supplement the AHP evaluation system.
1School of Resource and Environmental Sciences, Wuhan University
25chool of Cyber Science and Engineering, Wuhan University
3School of Remote Sensing and Information Engineering, Wuhan University

© In the future, all emergency shelters in Wuhan will be further analyzed and
evaluated to obtain more comprehensive results and provide reference for
the construction of emergency shelters.
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