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REGIONAL CLASSIFICATION OF POPULATION DYNAMICS CHARACTERISTICS
BY MOBILE SPATIAL STATISTICS AND APPLICATION TO EARTHQUAKE COUNTERMEASURES
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Koki YAMADA, Kazumi KURATA and Nobuo FUKUWA

This study explores the application of Mobile Spatial Statistics (MSS) to earthquake countermeasures in four parts: the first part

indicates the accuracy of MSS. The second part elucidates the local disaster characteristics in Nagoya city by combining the classification
of changes to the daily population trends and building collapse risk. The third part examines the risk of victims in population inflow

areas who are unable to return home. The fourth part analyzes the disaster response capability by the changing trends in the ageing

rate and by the staffing numbers of the fire brigade in population outflow areas.
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Fig.1 Procedure for creating the Mobile Spatial Statistics (MSS)
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Table2 Outline of MSS used in this study

Date Saturday, June 3, 2017 Wednesday, July 12, 2017

Weather3% Sunny Cloudy
Ave, Max, Min degree % 19.3,24.7, 14.9°C 28.6, 34.4, 24.7°C

Area size 1 km square
Target city Nagoya city

Time 13 hours of the day, at 4, 6, 7, 8, 10,

12, 14, 18, 19, 20, 21, 22, 24

Age 15~19, 20's, 30's, 40's, 50's, 60's, 70's (7section)

Sex Male, Female (2section)
Residence

(Goritractad sddsess) Prefectures, City, Section of village

¥Record in Nagoya city by Meteorological Agency

Table3 Comparison of Nagoya City Population Census and MSS
(in Nagoya City)

Population Census

: L . MSS (July 12, 2017) Ratio
Table1 Comparison of MSS and other major demographics Age (2015) ¢
Mobile éputid Population Basic Resident Person Trip M [a] F [b] M [c] F [d] le] / [a] [dl / [b]
Statistics (MSS) Cesus Register Survey (PTS) 15-19 53 426 51.618 55.684 54.150 1.04 1.05
Upiate Frequency O/dnytime A Once every A Once every A Once every ’ ’ ’ ’ . .
five years a month ten years 20's 130,728 125,865 148,184 139,846 1.13 1.11
Freedom of date © Anytime A Specific day A Specific day A Specific day | 9
Surveyarea  © Allover Japan  © All over Japan O Municipality A Specific area 30's 158,11 149,841 186,479 . 173,132 118 116
Reliability o Esti::;tzf - © Census © Census A Less samples 40's 181,832 172,068 218,069 198,916 1.20 1.16
exXpans Y U
e O Sex, Age, O Sex, Age, O Sex, Age, O Sex, Age, 50's 140,589 135,200 163,018 152,317 1.16 1.13
Regiderce Begiderice Regidence Regidence 60's 142,060 145273 162,295 161,940 1.14 1.11
Time O Every hour O Every hour
Resolution 70's 107,085 128,995 120,306 140,760 1.12 1.09
Visitingaims * prpoesible © O Roughly grasp Subtotal 913,832 908,860 1,054,035 1,021,061 115 112
transportation < [TRossible to . OeanigniEotEs Total 1,822,692 [e] 2,075,096 [f] 114 (& / 1)
grasp can be grasped
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Fig.3 Distribution of MSS's Ratio to Census in Nagoya City
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Table4 Parameter in Cluster Analysis

No. Mesh-ID Hourly Population
4 6 ...... 24
1 52370698 1,066 1,047 e 1,057
2 52370699 1,211 1,178 - 1,271
3 52370700 2,034 1,973 e 1,998
i 5236 A; Bi s M;
Parameter Bi/A e Mi/ A

Xi

7 TR =G, Byl T —F bR FRERIERE S T 2
— 3BT D k-means xR Ao, TOFETIE, RITERIZE-T
B BEHERELRTRERLRNI L, MIHEDCEX T TH
BERENBRRIILECEENILETHS, k B0 T RFZ 120
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(¢) Temporal change in the average value of the ratio to the 4 o'clock population in each cluster (CL)

Fig.5 Cluster analysis results on the Weekday and the holiday in Densely Inhabited District (DID) of Nagoya city
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Fig.6 Estimation procedure of building collapse risk
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Fig.7 Building collapse risk distribution in Nagoya city

4. BREIAORAMBICH T 2RERESECET 29

B3 BEIRLEY TRAY I BB TIE, #FHLz) T
(CLL, CLI) R¥ B D#F = U T (CL2), /kA DEE= U 7 (CL2")
TiE, BEOABRAIZL D, BEEHIC L o THEE KBS
2L ERDZZLBHALNIC 5T, TRHOHIKTIE, KEDKA
AAR ST b IREREEFENERIND,

AETIX, £ERBRRED (CL1, CLI) L ERAHEEERELD (£
B CL2), &35 (fkE CL2) 128\ T, # L 98 X OB EE D
EHE (2006) B¥ 2B L UREREEER T 5, BEAIC
X, EAANVERTELNLIEZNHER (Ikm Ay =2280D,
A BIDRELER) 1OURTH ORI EERE ZR2 L,
£ ZETOEHE 10 km RIEIZLEFREFHRE, 10 km LAFE 20 km R
i Lkm & & ICRERERIC2 258 B EBRRIC 10%T28MmL,
20km PAEIZ 100%REHEE L 722 LRE L, ZOFEZHANT
IREREEESZHF L, BETED PT AELZA WML OLE, B
IOET )T CRERREREESEOEELZIT .,

Fig9 B9 IR EREEE OHF 2T OLHERALONE Y 7%
Y, MBRT Y TILE 3 KA TERADHKE HEAER SHEETE

— 2349 —



Weekday (Wednesday, July 12, 2017)

Holiday (Saturday, June 3, 2017)

Building Collapse Risk Rank

Building Cdlapse Risk Rank

cL Meaning of Cluster Total cL Meaning of Cluster Total
I I i v 1 Jig m v v
cL1 City center 1 2 3 CcLT City center 1 1 1 3"
cL2 Working 4 1 5 cL Leisure 2 2
CL3 Various bases 13 4 2 2 21 cLs Various bases 5 2 1 8
Cl4 Population equilibrium 37 21 12 70 CcLe Population equilibrium 31 10 10 2 53
CLs * Population outflow 103 67 62 34 5 27 CLS Population ocutfiow 118 80 66 34 5 304
+ 36

78

? RSN &Y

Fig.8 Relationship between cluster analysis results and building collapse risk
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REGIONAL CLASSIFICATION OF POPULATION DYNAMICS CHARACTERISTICS BY MOBILE
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The actual situation of population distribution in cities varies greatly depending on the date and time, and the
earthquake occurrence time can make a big difference to the extent of damage. As estimated by the national government
and the local municipality, the earthquake occurrence times follow three patterns: (1) winter at 5 p.m., (2) summer at
noon, and (38) winter at 6 p.m. Such damage estimations consider data from a census conducted once every five years as
demographics. Although the reliability is high, the problem is that the findings cannot reflect the recent population
situation, consider the trend of population by the day of the week, or reflect a realistic picture of the daytime population
dynamics because these are statistics pertaining to a night population. NTT DOCOMO has developed a new technique
to determine population statistics called Mobile Spatial Statistics (MSS), which estimates the actual population based
on mobile phone operation data. It can serve as a tool to understand the population distribution of cities with rapid
fluctuations. However, there are few studies that focus on understanding the population dynamics of a single day at
times of normalcy and clarifying issues on local disaster response using MSS. Therefore, this study indicates the
possibility of the application of MSS in times of normalcy to earthquake damage estimation and disaster prevention
plans.

This study consists of four parts. The first part reveals the features and accuracy of MSS by comparing them with
population census data. In Nagoya city area, MSS at 4 a.m. on a weekday exceeded the census population data in all
ages because about 10% of the MSS’s population comprised visitors from other municipalities. However, the excess rate
was 4% to 20%, thereby showing that the MSS maintains accuracy.

The second part elucidates the local disaster characteristics of Nagoya city by combining the classification of daily
population trends and building collapse risk on a weekday (Wednesday, July 12, 2017) and on a holiday (Saturday, June
3, 2017), Classifications into five characteristics based on daily population trends were performed using cluster analysis
by MSS on the population within a 1 km square. By combining those classification results with building collapse risk,
it is clear that there are differences in the areas and time zones in which the risk of disaster increases.

The third part, with regard to population inflow areas by classification results, examines the risk of victims who are
unable to return home. A past estimation used the Person Trip Survey (PTS), which has been conducted once every 10
years on weekdays in each city in Japan. This study estimates the number of victims unable to return home by using
MSS. Therefore, it considers not only the latest population data but also that of the holidays. Using it together with the
PTS could lead to formulating detailed measures.

The fourth part analyzes changes in local disaster response capability based on changing trends ih the aging rate and
the composition of fire brigade volunteers in population outflow areas by classification results. In particular, during
daytime on weekdays, there are areas and time zones in which disaster risk will increase because the proportion of
elderly people who require assistance during a disaster increases, and the fire brigade often work outside of the area.

A series of analysis results using MSS can effectively serve as basic data for earthquake damage estimation and disaster

prevention plans considering the day of the week and time.
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