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(Table 1) Number of disaster text messages sent by sender (Seoul, January 2020 - January 2021)

Number of Messages Rate(%)
Basic Local Government (25 Gu office in Seoul) 6,442 93.2
Center Disaster and Safety Countermeasures Headquarters 344 5.0
(CDSCHQ) ’
Regional Logal Government (Seoul Metropolitan Government) 64 0.9
Central department and Other Public institutions 65 0.9
Total 6,915 100
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(Figure 1) Number of Wireless Emergency Alerts transmitted by local government
(January 2020 - January 2021)
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(Figure 2) Monthly number of Wireless Emergency Alerts and number of confirmed
COVID-19 cases (January 2020 - January 2021)
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(Figure 3) Number of monthly disaster text messages in the district - Number of
confirmed cases of COVID-19 (correlation)
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(Table 2) Top 20 Keywords Extracted Frequency

Rank Word Occurrence Rank Order Occurrence
1 212} 6161 1 B2 whAy 1895
2 Ay 4817 2 S <A 839
3 5 o)A 3675 3 etz 213 733
4 287 2207 4 22119 2t 628
5 CRdl 1981 5 st zAl Azt 603
6 o8} A} 1931 6 A stz AL 471
7 ghel 1236 7 EH o)A FA 449
8 B4 1179 8 T Z0 439
9 3 1102 9 227 I3 438
10 A2 19 1091 10 227 3=z 425
11 & 1087 11 g8} A 399
12 o4 1030 12 AF & 395
13 A& 1000 13 F7F LAy 385
14 4= 914 14 LGS R = 369
15 A 874 15 G Atz 336
16 Abak 804 16 223 2 308
17 =z 794 17 F& EH oA 301
18 713y 769 18 Z2 A+ 288
19 28 749 19 gx1A A 284
20 =2 709 20 A o 8] 283
b dhE7]E =3 AL wet istE = Qlr) o) 32. HAEDOLE S8t F=
FUF GHA WY FAE Hole F AT . I
S AGEA BE AFels Aolg B S 9l R AN ] SR Tl sk
O ol HRIE Hal AEAN A gy m © oo ok AL I8, s Hsh
S 10 SHA oh 9w AGEA wE As  THE BHE AHQ AG= FEE 909
o] AASE ANHAG, FuAGTE g o i A S A sl A
Lo AemL pEme go3e ATEAE ne  OHE GOlE FESCL o1 F 215 KoNLPy 3
TSR LT, AT AR 097} U B4 £47] 3 mecab, OKTE 83191 B8
o JTWAL BAT ALFUA 257 Aoy ©) FHF 00V(Oubobvocabulary) of S TEhE
T % 0wt 20 AT 0Tk e e g oo QAR ST AR A S5, 2=
B HYT AV R AR e g 10 SEREHIIEAGESE Tos
4FE AT 009 May ge gRArs Lo oo AEsHITh £e dels S af
AAS Bele 2 et g nes) PP, FEAHE AL Sgs)
WA AR gole) 927} AR T A B o
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The Elbow Method showing the optimal k
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(Figure 4) Change in cluster centroid and document distance agreement according to

the change in the number of clusters

(Table 3) Top 15 Keywords by Cluster

cluster 0 cluster 1 cluster 2

word score word score word score

A7 1 =g 1 3k 1

o] & 1 A A} 1 ez 1

ERA] 1 A% 1 3} 1

A 1 o8 1 i 1

W3} 1 T 1 H 1

ATAA 1 L 1 ey 1

AE 1 el 1 ¢ 1

B 1 A= 1 e 1

7 1 =g 7o} 1 o] 1

ol& 1 3l & 1 -9 1

|25 1 AR = 1 13 1

A 1 54 1 Asss 1

A% 1 w2k 1 A 1

HER 1 A 1 T3 1

gy 1 27 1 T 1
Aok 2bEdE 72 #3E 7Y EE ol Ee} O shvbe 7174, AdAs e #hE Ad &
2o} gole] wete 1 B o) F e ¥ A IFOE TRY 5 Aok 7 Ad BAEE
He 7y B ARE AFste =4 14, g AAAe] EAF 1F5e 7IHEY =¥ Wl
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(Figure 5) Visualization results after latent dimension extraction with
singular value decomposition applied
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(Figure 6) Average Population Mobility by State and Number of New COVID-19
Cases in 25 Districts of Seoul
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(Table 4) Characteristics extracted by calculating the number of occurrences of the corresponding

words in the character

Variable Name

Description

Details

top_unigram100

Number of the words that included in the top-100 unigram
tokens in a Wireless Emerging Alerts

top_bigram100

Number of the words that included in the top-100 bigram
tokens in a Wireless Emerging Alerts

top_unigram200

Number of the words that included in the top-200 unigram
tokens in a Wireless Emerging Alerts

top_bigram200

Number of the words that included in the top-200 bigram
tokens in a Wireless Emerging Alerts

. Number of words that contain the information related to
ner_location w . . .
- location” in Wireless Emerging Alerts
Number of words that contain the information related to
ner_date A . .
- date” in Wireless Emerging Alerts
. Number of words that contain the information related to
ner_time - . .
- time” in Wireless Emerging Alerts
Number of words that contain the information related to
ner_quant « - . .
order” in Wireless Emerging Alerts
. Number of words that contain the web address (URL) in
ner_info . .
- Wireless Emerging Alerts
. Number of words that contain the information related to
ner_dies

“symptom” in Wireless Emerging Alerts

cluster_keyword 0

Number of words that included in cluster 0,1 in Wireless

Emerging Alerts

Cluster related to Covid-19

cluster_keyword 1

Number of words that included in cluster 2

Emerging Alerts

in Wireless

Cluster related to Natural

disaster

past_cosine_similarity

Cosine distance between Wireless Emerging Alert in t and t-1

past_jaccard_similarity

Jaccard distance between Wireless Emerging Alert in t and t-1

region_timestep

Cumulative number of Wireless Emergency Alerts

prohibit_keyword

Number of words that related to Social distancing

phone nums Dummy variable that indicates whether WEA contains phone number 0,1

is_blog_contain Dummy variable that indicates whether WEA contains blog URL , 1

is_kakao contain Dummy variable that indicates whether WEA contains Kakao URL 0, 1

. . Dummy variable that indicates whether WEA contains the

is_gu official . . . 0, 1
homepage address of official regional(basic) local government

week sim Cosine Similarity between WEA and last week’s WEA 0 < week sim<1
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(Table 5) Estimated result (age, information type classification)

Panel A. Estimation Result (by age)

20 i 30oH 40 tf 50 cH 60 CH 70 O
-0.034 -0.059 -0.062 -0.056 -0.087" -0.094"
a
Dat A (0.052) (0.052) (0.052) (0.052) (0.052) (0.052)
ate
0.012 0.005 0.006 0.007 0.017 0.016
a
e 0.011) 0.011) 0.011) (0.011) 0.011) 0.011)
-0.085 0.023 0.039 -0.007 -0.1117 -0.151™
ar
ord 12 (0.056) (0.056) (0.056) (0.056) (0.056) (0.056)
racr sk ey
¢ 0.023 -0.002 -0.006 0.005 0.029 0.039
@242 (0.013) (0.013) (0.013) (0.013) (0.013) (0.013)
-0.133™ 0.005 0.032 0.023 -0.033 -0.048
ar
) f3 (0.054) (0.054) (0.054) (0.054) (0.054) (0.054)
Online URL x
0.026 -0.001 -0.005 -0.005 0.011 0.012
ar
3 (0.012) (0.012) (0.012) (0.012) (0.012) (0.012)
0.079 -0.084" -0.061 0.018 0.078 0.026
a
Lj4 (0.051) (0.051) (0.051) (0.051) (0.051) (0.051)
Symptom . .
-0.029 0.025 0.012 -0.007 -0.015 -0.004
a
2 0.011) 0.011) 0.011) (0.011) 0.011) 0.011)
0.133"™ 0.092" 0.063 0.076 0.061 0.014
ar
. hi3 (0.052) (0.052) (0.052) (0.052) (0.052) (0.052)
Location o * * *
-0.024 -0.019 -0.015 -0.021 -0.02 -0.009
@245 0.011) (0.011) 0.011) (0.011) (0.011) 0.011)
0.092 -0.03 0.038 0.036 -0.036 0.000
ar
Normative 10 (0.065) (0.065) (0.065) (0.065) (0.065) (0.065)
Guidance -0.025 0.004 -0.011 -0.011 0.006 0.000
ar
o 0.014) (0.014) (0.014) (0.014) (0.014) (0.014)
Std. Error in parentheses p-value "t <0.1, ™ <0.05, "":<0.01
— 954.7
2 2 . 2 ..
o 0.345 Adj.R 0.908 F statistic (626,58623)
Panel B. Baseline Effect, Accumulating Effect (by age)
20s 30s 40s 50s 60s 70s
Dat Baseline -0.034 -0.059 -0.062 -0.056 -0.087 -0.094
ate
Accumul. -0.353 -0.085 -0.097 -0.125 -0.195 -0.170
ord Baseline -0.085 0.023 0.039 -0.007 -0.111 -0.151
rder
Accumul. -0.271 -0.087 -0.154 -0.714 -0.261 -0.258
i Baseline -0.133 0.005 0.032 0.023 -0.033 -0.048
Online URL
Accumul. -0.195 -0.200 -0.156 -0.217 -0.333 -0.250
Baseline 0.079 -0.084 -0.061 0.018 0.078 0.026
Symptom
Accumul. -0.367 -0.298 -0.197 -0.389 -0.192 -0.154
. Baseline 0.133 0.092 0.063 0.076 0.061 0.014
Location
Accumul. -0.180 -0.207 -0.238 -0.276 -0.328 -0.643
Normative Baseline 0.092 -0.030 0.038 0.036 -0.036 0.000
Guidance Accumul. -0.272 -0.133 -0.289 -0.306 -0.167 -2.855

Shade: Statistically significant
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Abstract

Information types and characteristics within the
Wireless Emergency Alert in COVID-19:
Focusing on Wireless Emergency Alerts in Seoul*

Sungwook Yoon* + Kihwan Nam**

The central and local governments of the Republic of Korea provided information necessary for
disaster response through wireless emergency alerts (WEAs) in order to overcome the pandemic situation
in which COVID-19 rapidly spreads. Among all channels for delivering disaster information, wireless
emergency alert is the most efficient, and since it adopts the CBS(Cell Broadcast Service) method that
broadcasts directly to the mobile phone, it has the advantage of being able to easily access disaster
information through the mobile phone without the effort of searching. In this study, the characteristics of
wireless emergency alerts sent to Seoul during the past year and one month (January 2020 to January 2021)
were derived through various text mining methodologies, and various types of information contained in
wireless emergency alerts were analyzed. In addition, it was confirmed through the population mobility by
age in the districts of Seoul that what kind of influence it had on the movement behavior of people. After
going through the process of classifying key words and information included in each character, text analysis
was performed so that individual sent characters can be used as an analysis unit by applying a document
cluster analysis technique based on the included words. The number of WEAs sent to the Seoul has grown
dramatically since the spread of Covid-19. In January 2020, only 10 WEAs were sent to the Seoul, but
the number of the WEAs increased 5 times in March, and 7.7 times over the previous months. Since the
basic, regional local government were authorized to send wireless emergency alerts independently, the
sending behavior of related to wireless emergency alerts are different for each local government. Although
most of the basic local governments increased the transmission of WEAs as the number of confirmed cases

* This article was edited in the form of an academic article by excerpting and revising a part of the Korea Information
Society Development Institute (KISDI) research report, “The Effect of Utilizing Public Data in Disaster: An Empirical
Analysis’

** Corresponding author: Kihwan Nam
Management Information Systems, Business School, Dongguk University
30, Pildong-ro, 1-gil, Jung-gu, Seoul, Korea
Tel; *** —kkk —siix Fax: +82-2-2260-3684, E-mail: namkh@dongguk.edu
**% Korea Information Society Development Institute(KISDI) Digital Economy & Society Research Division
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of Covid-19 increases, the trend of the increase in WEAs according to the increase in the number of
confirmed cases of Covid-19 was different by region. By using structured econometric model, the effect
of disaster information included in wireless emergency alerts on population mobility was measured by
dividing it into baseline effect and accumulating effect. Six types of disaster information, including date,
order, online URL, symptom, location, normative guidance, were identified in WEAs and analyzed through
econometric modelling. It was confirmed that the types of information that significantly change population
mobility by age are different. Population mobility of people in their 60s and 70s decreased when wireless
emergency alerts included information related to date and order. As date and order information is appeared
in WEAs when they intend to give information about Covid-19 confirmed cases, these results show that
the population mobility of higher ages decreased as they reacted to the messages reporting of confirmed
cases of Covid-19. Online information (URL) decreased the population mobility of in their 20s, and
information related to symptoms reduced the population mobility of people in their 30s. On the other hand,
it was confirmed that normative words that including the meaning of encouraging compliance with
quarantine policies did not cause significant changes in the population mobility of all ages. This means
that only meaningful information which is useful for disaster response should be included in the wireless
emergency alerts. Repeated sending of wireless emergency alerts reduces the magnitude of the impact of
disaster information on population mobility. It proves indirectly that under the prolonged pandemic, people
started to feel tired of getting repetitive WEAs with similar content and started to react less. In order to
effectively use WEAs for quarantine and overcoming disaster situations, it is necessary to reduce the fatigue
of the people who receive WEA by sending them only in necessary situations, and to raise awareness of
WEA:s.

Key Words : Wireless Emergency Alert, Cell Broadcasting Service (CBS), Text Mining, Population
Mobility

Received : November 12, 2021 Revised : December 13, 2021 Accepted : January 3, 2022
Corresponding Author : Kihwan Nam

Bibliographic info: J Intell Inform Syst 2022 March: 28(1): 45~68 67



68

242
KAIST Z3tishel 93 shiol s 933 whalstelg ASshch @A4E Jng
BAATY TALAAAN ATERS] BATI GO R A Folth, Fo TR
Quantitative Marketing, ICT policy, Health Economics, Econometric Method, Time Series
Modeling, Choice Modeling, Machine Learning, Deep Learning 5°|t}. ICT 7% X138}
W A8 A @4 Weh 8 Tk 49 ol AFHoR BAstn gk

=2 71 &

KAIST 7 gthetd 7 g&sHtoll A MIS B9 & #5330t 84 s=tista 39
st YRR ZuTE A2 Fo|th T8 4ok Business Analytics & Business
Intelligence, Medical Data Analysis, Big Data Analytics, Data Mining, Statistical Analysis,
Recommender Systems, Econometrics Models, Machine Learning, Deep Learning 5 ©]t.
#H AFE2 Decision Support Systems, Data Mining and Knowledge Discovery 5l &=
ol AAE U S22 Q] AR ofy ) o] E& v o AA| 7|dolM TRl =
BAES Ao PG zn A9} AA BFol AFARA 719 E sk





