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ABSTRACT 

Understanding the characteristics of the spatiotemporal distribution of a population, which varies according to 
the time of the day and the day of the week (weekday or weekend), is one of the most important issues in the 
field of urban disaster mitigation planning. However, the existing Person Trip Survey data based on weekdays is 
not appropriate for estimating the spatiotemporal distribution of population on weekends. In the present study, 
we proposed a method for converting existing Person Trip Survey data from a weekday base to a weekend base 
and examined the differences in the spatiotemporal distribution of the population. Using these databases, we 
attempted to compare the number of deaths due to building collapse estimated for weekdays and weekends for 
various districts in the Tokyo Metropolitan area. 
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INTRODUCTION 

It is vital to have an accurate grasp of the constantly varying spatiotemporal distribution of transient occupants 
of the metropolitan region, including their ages, reasons for travel and other variables, in order to draw up 
detailed plans for disaster mitigation (Fukushima and Nakano, 1999). Until now, however, estimates of human 
casualties have relied on the static distribution of population provided by the national census and other counts 
(Osaragi and Hoshino, 2012). Thus, many recent-approved studies are based on a seismic intensity map, and 
only consider resident population from the census data (Smith, Martin and Cockings, 2014; Martin, Cockings 
and Leung, 2015). The actual spatial distribution of residents on the move in any busy metropolitan area 
changes by the hour, or even by the minute, since a large number of people are travelling for a variety of 
purposes over long distances, using rapid-transit or other rail facilities (Osaragi, 2013).  

Freire , Florczyk and Ferri (2015) suggested that there is a need for population distribution data that goes 
beyond a residence-based (i.e. nighttime) representation, since hazard events can occur at any time and with 
little forewarning. Actually, they demonstrated that there are significant differences in potential exposure from 
night- to daytime in all hazard levels, though the case study on Campi Flegrei. Smith et al. (2014) and Smith, 
Newing, Quinn, Martin, Cockings and Neal (2015) focused on the coupling of population and environmental 
models to address the effect of seasonally varying populations on exposure to flood risk, and demonstrated that 
large fluctuations occur over time in the population distribution within flood risk zones. Martin et al. (2015) 
identified the importance of assembling an underlying data model at the highest resolution in each of the spatial, 
temporal, and attribute domains, after reviewing attempts to construct time-specific representations of 
population. Accurately estimating population exposure is a key component of catastrophe loss modeling, one 
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element of effective risk analysis and emergency management, and it requires moving beyond using simple 
residence-based census data (Bhaduri, Bright, Coleman and Urban, 2007; Fielding 2007; Aubrecht, Özceylan, 
Steinnocher and Freire, 2012; Freire and Aubrecht, 2010). The 1995 Southern Hyogo Prefecture Earthquake 
(commonly known as the Kobe Earthquake) took place in the early morning, when most residents were still at 
home; had it struck during the day, the scale of damage would have been vastly different. For detailed analysis 
such as modeling of hazards and risk exposure there is a need for even more detailed and high resolution 
population distribution (Bhaduri et al. 2007; Aubrecht, Steinnocher, Hollaus and Wagner, 2009; Freire, 2010; 
Freire, Aubrecht and Wegscheider, 2011; Freire et al., 2015). 

Given this background, Osaragi and his research group have developed a model for predicting the 
spatiotemporal distribution of transient occupants and passengers in a city, with the object of preparing basic 
data for regional disaster planners. Person Trip Survey data (PT data) for individuals in the Tokyo Metropolitan 
area can be input to the model to obtain the spatiotemporal distributions of different classifications of transient 
occupants (the details of PT data are described later). These can also be combined with the information on 
facilities contained in GIS data (scale and spatial distribution of buildings, etc.) to construct a model for 
estimating more detailed spatiotemporal distribution of the populations inside buildings (Osaragi and Hoshino, 
2012). Other models have been constructed to estimate the amount of people using railways (Osaragi and Otani, 
2009) and automobiles (Osaragi, 2015). 

Since the PT data making up the original data are based on normal working day (weekday) traffic, however, 
they are of little use for estimating numbers of transient occupants in Tokyo on weekends or other days off work 
(bank holidays). Tsuji’s primary study (Tsuji, 1982) on transient occupants on weekends used population 
densities by building type, on the basis of population densities in buildings and commercial statistical surveys, 
to establish estimates of transient occupants for various seasons, days of the week, and time of day. However, 
He could not estimate spatial distributions of transient occupants for the wider metropolitan region, since he had 
concentrated on the numbers of transient occupants inside buildings. 

This paper examined methods of establishing PT data for weekends that can be applied as original data in 
previously established models to predict spatiotemporal distributions of transient occupants in Tokyo. National 
Time Use Survey (NHK Broadcasting Culture Research Institute, 2000) was examined in order to propose a 
procedure for converting PT data for weekdays to data for weekends. The accuracy of the estimate was 
validated in terms of the activities of the various portions of the population and the spatiotemporal distribution 
of transient occupants. The transient occupants were then analyzed to compare weekdays and weekends with 
respect to the characteristics of the predicted populations. The numbers of casualties in Setagaya Ward, Tokyo, 
due to building collapse subsequent to a large earthquake was also estimated, and the numbers on weekdays and 
weekends were compared. 

METHOD FOR CREATING PT DATA FOR WEEKENDS 

Outline of PT data and NHK Time Use Survey data 

Person Trip Survey aims at studying the actual travel behavior in cities of Japan, and has been carried out every 
ten years by the Ministry of Land, Infrastructure, Transport and Tourism of Japan. "Trips" defined in PT data 
are illustrated in Figure 1, as an example. 

 

Figure 1.  Example of trips contained in Person Trip Survey data 
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Some of the information provided in PT data is listed in Table 1. They include personal attributes (age, gender, 
occupation), the position and time information of departure and arrival, purpose of trip (18 purposes: e.g., 
commuting, business, shopping, eating), and means of transportation (5 means: on foot, bicycle, car, bus, train, 
ship, airplane), etc. The area for this survey is shown in Figure 2. It covers a range of 70 km radius centered on 
the Tokyo. About 1.2 million persons were selected from around 33 million residents by random sampling based 
on census data. The number of valid samples is 883,044. 

Item Contents 

Regions subject to survey Tokyo, Kanagawa, Saitama, Chiba and Southern Ibaragi Prefectures 

Survey time and day 24 hours on weekdays in October of 1998, excluding Monday and Friday  

Object of survey Persons aged 5+ living in the above region  

Sampling Random sampling based on census data (1,235,883 persons selected from 
32,896,705 persons) 

Valid data 883,044 samples (mean weighting coefficient is approximately 37.3) 

Content of data Personal attributes, position and time of departure/ arrival, purpose of trip, etc. 

Purpose of trip Purpose of each trip (18 purposes : e.g., commuting, business, shopping, eating) 

Means of trip Means of trip (5 means: on foot, bicycle, car, bus, train, ship, airplane) 

Table 1.  Outline of Person Trip Survey data 

 

 

Figure 2.  Study area and boundaries of survey unit (zone) for Person Trip Survey, and location of Setagaya Ward 
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HHK (Nippon Hoso Kyokai in Japanese) is the public service broadcaster in Japan. NHK Broadcasting Culture 
Research Institute conducts Time Use Survey every five years since 1960.  This survey captures the one day life 
of people from the viewpoint of the time, and provides basic data which are established to reveal Japanese living 
conditions, and investigates with home life and their behavior for 2 days (for each 15-minute from 0:00 to 
24:00), which include not only weekdays but also weekends. At the same time, the personal attributes (gender, 
age, occupation) of responders are also included. Time Use Survey data used in this research is based on the 
survey conducted on October, 2000, and 45,120 people were extracted by random from the basic resident 
register. The number of effective sample was 32,984 (73.1%). 

Comparison of PT data with Time Use Survey data 

The fraction of a population engaged in a certain activity at any given time of day is a key parameter for 
converting data. PT data and Time Use Survey data are gathered by different methods from different groups, so 
we began by comparing the numbers of people involved in various activities by time of day (hourly activity 
fractions) obtained by the two data sets (data from weekdays). The hourly activity fractions (7 activity types 
given in Table 2) were estimated from the travel purposes and destination building types reported by the survey 
subjects in PT data, and were compared for commonality with Time Use Survey results. The comparison is 
shown in the left column of Figure 3. The data sets match each other in terms of the hour activity fractions. 
Since meal times cannot be distinguished from other activities in PT data, the model shows little commonality 
between the groups at home, at work or at school in the middle of the day. 

 Activity types Definition of activities 

1 Commuting to work Engaged in work (including traveling to workplace and working) 

2 Attending school Learning at school (including traveling to school and learning)  

3 Shopping (short time) Shopping (less than 120 minutes) 

4 Shopping (long time) Shopping (120 minutes or more) 

5 Going out on private (short time) Leisure and all going-out activities other than working, schooling, 
shopping (less than 120 minutes) 

6 Going out on private (long time) Leisure and all going-out activities other than working, schooling, 
shopping (120 minutes or more) 

7 Staying at home Staying at home all day 

 Note: People who are doing multiple activities are classified by priority in the order of Commuting to work, 
Attending school, Shopping, Going out on private. Also, people who are Shopping and Going out on 
private are classified into the longer time activities. 

Table 2.  Activity types in daily life 
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Figure 3.  Temporal profiles at an hourly resolution for selected activity types for weekdays and weekends 
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Method for handling PT data for weekends 

The weekend PT data were created with the assumption that an individual’s weekend travel can be modeled 
with (described by) another individual’s travel on a weekday. The author selected two subjects who fit into the 
same classification (sex, age, profession, etc.) and uses the trip data for one subject on a weekday to create the 
weekend PT data for the other subject. Each of the subjects was classified into six attributes (Table 3) and his or 
her trip data were examined to extract the activity types in daily life (Table 2). Table 4 shows the fractions of 
activity types for each attribute classification on weekdays. 

 Attributes of people 

1 Employee (work on weekdays) 

2 Employee (other activities on weekdays) 

3 Schoolchild (aged twelve or less) 

4 Student (aged more than thirteen) 

5 Housewife/ househusband 

6 Unemployed 

Table 3.  Attribute classification of people 

 

Attributes of 
people 

Ratio of 
activity 
types 

Weekday 

Com-
muting 
to work 

Attending 
school 

Shopping 
(short 
time) 

Shopping 
(long 
time) 

Going 
out on 
private 
(short 
time) 

Going 
out on 
private 
(long 
time) 

Staying 
at home 

Employee 0.529 0.839 0.000 0.019 0.011 0.013 0.038 0.080 

Schoolchild 
(aged twelve 
or less) 

0.108 0.001 0.963 0.002 0.002 0.003 0.013 0.017 

Student (aged 
more than 
thirteen) 

0.079 0.014 0.851 0.008 0.009 0.005 0.041 0.072 

Housewife/ 
househusband 

0.154 0.032 0.000 0.267 0.102 0.115 0.257 0.227 

Unemployed 0.130 0.030 0.000 0.124 0.061 0.085 0.220 0.481 

Table 4.  Fractions of activity types for each attribute classification on weekdays  

 

The hourly activity fraction on weekends is described by using the activity type fraction of each attribute-
classification on weekends, ajl (fraction of activity type l of attribute classification j on weekends), as follows: 

( , )( , )
( , )

=
∑
i

q i tQ i t
q i t

,      (1) 

( , ) ( , )=∑∑∑ k k
jl jl j

k j l

q i t p i t a n ,     (2) 
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where Q(i, t): Estimated fraction of persons engaged in activity i at time t on weekends 

q(i, t): Number of persons engaged in activity i at time t on weekends 

nk
j: Number of persons of classification j in zone k  

pk
jl(i, t): Fraction of persons of classification j in activity type l in zone k engaging in activity i at time t. 

( , ) 1 ( , , , )k
jl

i

p i t for all j k l t=∑
 

The values of nk
j and pk

jl(i, t) are estimated from PT data. The value of unknown parameters ajl is found by 
seeking the minimum of the statistical quantity f(a) in the following equation (a is vector expression of 
unknown parameters ajl): 

2*( ) ( , ) ( , )a ⎡ ⎤= −⎣ ⎦∑∑
i t

f Q i t Q i t ,     (3) 

where Q*(i, t):  Measured values for fraction of persons engaged in activity i at time t on weekends, 

obtained from Time Use Survey data. 

Then, we must satisfy the following constraints on the parameters: 

( ) 0 ( , )jl jlg a for all j l= − <a ,     (4) 

( ) 1 0 ( )j jl
l

h a for all j= − =∑a .     (5) 

gjl(a) is an inequality constraint function and hj(a) is an equality constraint function. This is a constrained non-
linear optimization problem (ASNOP Study Group, 1991), here solved using the exterior penalty method to 
achieve convergence for ajl. The calculation is managed to drive the exterior penalty function P(a, r) toward 
zero: 

{ }2 2( , ) ( ) ( ),0 ( )jl i
j l j

P r f r max g h
⎡ ⎤

= + +⎢ ⎥
⎣ ⎦
∑∑ ∑a a a a ,  (6) 

where r is the penalty parameter, a positive number increasing as the number of convergence iterations 
increases.  

The essential steps of the workflow to estimate the unknown parameters ajl and weekend PT data is illustrated in 
Figure 4. 

(1) Set the unknown parameters ajl at random. 

(2) Calculate the number of individuals (A) who spent weekends in activity type l. This value was estimated by 
multiplying the parameters ajl by the number of individuals in zone k of classification j, nk

j, obtained from 
weekday PT data. 

(3) Extract individuals (B) who spent weekdays in activity type l from the same attribute classification j in zone 
k at random. 

(4) Substitute trips of individuals (A) on weekends by trips of individuals (B) on weekdays, and estimate 
weekend PT data. 

(5) Check the consistency of hourly activity fractions estimated from weekend PT data and weekend Time Use 
Survey data. 

(6) If the differences are not acceptable, update the unknown parameters ajl, and return to the process (2).  

(7) Otherwise (the differences are small enough) this iteration is stopped and we complete the estimation of 
weekend PT data. 
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Figure 4.  Diagram of the essential steps of the workflow for estimating weekend PT data 

 

Table 5 shows the estimated ajl for weekends. The estimated ajl was used to select out individuals of the same 
attribute classification from a single zone at random, and their trips made during weekdays were used for 
describing the trips of the same classification persons on weekends, and the weekend PT data were created.  

Attributes of people 

Weekend 

Com-
muting to 
work 

Attending 
school 

Shopping 
(short 
time) 

Shopping 
(long 
time) 

Going 
out on 
private 
(short 
time) 

Going 
out on 
private 
(long 
time) 

Staying 
at home 

Employee (work on 
weekday) 

0.120 0.006 0.147 0.161 0.089 0.349 0.128 

Employee (not 
work on weekday) 

0.839 0.000 0.020 0.012 0.010 0.040 0.079 

Schoolchild (aged 
twelve or less) 

0.005 0.078 0.163 0.122 0.108 0.379 0.146 

Student (aged more 
than thirteen) 

0.165 0.081 0.131 0.093 0.086 0.288 0.156 

Housewife/ 
househusband 

0.000 0.000 0.268 0.116 0.118 0.274 0.223 

Unemployed 0.000 0.000 0.129 0.073 0.089 0.231 0.477 

Table 5.  Estimated fractions of activity types for each attribute classification on weekends 

  

(A) PT data (weekday) (B) Time Use Survey data (weekday)

(C) PT data (weekend) (D) Time Use Survey data (weekend)

(5) Check the consistency of hourly activity fractions
extracted from (C) and (D) (see Figure 3, right panel)

Check the consistency of hourly activity fractions
extracted from (A) and (B) (see Figure 3, left panel)

Parameters : ajl

(6) Differences in hourly activity fraction is small enough?

(7) Estimation of weekday PT data into weekend PT data is completed

change parameters

No

Yes

Iteration for
minimization

(1) Set the unknown parameters a at randomjl

(3) Extract individuals (B) who spent weekday in activity type l
from the same attribute classification j in zone k at random

(4) Substitute trips of individuals (A) on weekend
by trips of individuals (B) on weekday

Fraction of activity type l of attribute classification j on weekend: ajl
The number of individuals in zone k of attribute classification j : njk

(2) Calculate the number of individuals (A)
jlwho spent weekend in activity type l in zone k : n x ajk
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ACCURACY OF ESTIMATES FOR WEEKEND TRIPS 

Accuracy of estimated fractions of the population 

The fractions of the population engaged in activity types during periods of the day on weekends were calculated 
from the weekend PT data in order to validate the accuracy of the above estimates. These results were compared 
with the findings of Time Use Survey (Figure 1, right column). These showed approximately the same 
consistency with all activities as the data from weekdays. 

Accuracy of PT spatial distributions on weekends 

There are no data available for spatial distributions of transient occupants of Tokyo on weekends. Therefore, the 
present study examined railway users. First, the ratio of the spatial distribution on weekdays to that on weekends 
(i.e., the ratio of passengers on weekends to passengers on weekdays) was calculated. Figure 5 shows this ratio 
for central Tokyo. The weekend: weekday ratio is high in Shibuya, Shinjuku and other locations with large 
numbers of commercial facilities but low in Otemachi, Kudanshita and other locations with large numbers of 
office buildings. These results fit our assumptions of weekend events. 

 

Figure 5.  Spatial distribution of the weekend: weekday ratio of the number of passengers at each station 

Next, weekday and weekend train passenger count data on a railway company by time of day (per hour) were 
examined for comparison with the above findings. The figures are from three stations in central Tokyo, in a 
suburb, and between the suburb and downtown. Figure 6 (left column) provides the results. There was an 
approximately one hour discrepancy between the actually observed data and the PT data for train passengers in 
the evening peak on weekdays, but the reported times for the morning peak matched exactly, and the mean 
absolute error between the two was minor at 30%. Next, the estimated weekend PT data were examined to 
confirm their accuracy for numbers of railroad passengers by time of day (Figure 6, right column). The 
distribution for the weekends showed none of the sharp peaks seen in the weekday data; rather, the changes 
were more gradual. These estimates expressed the trends in the actually observed numbers quite well. The 
estimates for a station in downtown Tokyo offered rather low accuracy, but the mean uncertainty remained 
within 30%; these estimates show an equivalent consistency as the direct PT data weekday estimates. 
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Figure 6. Comparison of the number of passengers in weekdays and weekends for each time period and each station 
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SPATIOTEMPORAL DISTRIBUTION OF TRANSIENT OCCUPANTS ON WEEKDAYS AND WEEKENDS 

Spatiotemporal distribution of transient occupants 

Figure 7 shows the spatiotemporal distribution of transient occupants who were in offices/banks on weekdays 
and weekends. These populations were higher on weekdays than on weekends in areas surrounding central 
Tokyo. This indicates that there would be greater troubles in this area due to building damage on weekdays than 
on weekends.  

 

Figure 7. Spatiotemporal distribution of people in offices and banks on weekdays and weekends 

 

Figure 8 presents the spatiotemporal distribution of transient occupants outside of buildings on weekdays and 
weekends. The population of transient occupants was lower in the morning (7:00) on weekends, since they are 
still at home. However, the extent of concentration into central Tokyo was higher at noon on weekends. In 
central Tokyo, transient occupants are also concentrated in the vicinities of Tokyo Station, Shinjuku, Ikebukuro, 
Shibuya and other zones with principal train stations. There are prominent differences in numbers of transient 
occupants between locations due to the scale and number of their commercial buildings. Thus, we confirmed the 
totally different spatiotemporal distribution of transient occupants on weekdays and weekends. 
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Figure 8. Spatiotemporal distribution of people outside of buildings on weekdays and weekends 

COMPARISON OF CASUALTIES DUE TO BUILDING COLLAPSE ON WEEKDAYS AND WEEKENDS 

Model of human casualties 

Figure 9 compares the rates of total collapse and the resulting death toll by ward (city subsection) and by victim 
age classification with those events recorded in the official report on the Southern Hyogo Prefecture Earthquake 
(Itoigawa et al. 1999). The parameters were found to have a linear relationship, allowing formulation of a simple 
regression model to describe the death rate from the percentage of buildings suffering total collapse (complete 
destruction). This model is simple but shows high consistency. Once the number of transient occupants and 
probability of complete building collapse have been estimated, they can be combined to estimate the number of 
deaths in buildings. The probability of death corresponding to the probability of total collapse is multiplied by 
the transient occupant population of each district to estimate the death toll. 

 

Figure 9. Predicted rates of total collapse and resulting death toll by ward (city subsection) 

Pre-processing of data for calculation of casualties 

The spatiotemporal population data for weekdays and weekends have been produced for the whole of the Tokyo 
metropolitan area (Figure 2). However we attempt to make exposure analysis for Setagaya Ward in Tokyo 
(Figure 2, Figure 10), since the detailed data necessary for estimating seismic damage were available. Also 
Setagaya Ward is a typical residential area, where the number of people varies according to the time of the day 
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and the day of the week. This means that we can expect clear results for this area. The exposure analysis 
demonstrated here can be easily extended to the whole of the Tokyo metropolitan area, if the detailed data will 
be available. 

Casualties resulting from the collapse of buildings were estimated for comparison between weekdays and 
weekends. Detailed GIS data are available for buildings in Setagaya Ward, Tokyo (Setagaya Ward, 2007). This 
dataset was originally a part of Tokyo City Planning Geographic Information System Data conducted in the 
Tokyo Metropolitan area in 2006, and it includes some detailed information on the age and structure of 
buildings. First, the number of transient occupants was estimated for the chōme in Figure 10 (chōme, in the 
Japanese address system, is approximately equivalent to “block”; below, “the region”). 

The analytical procedure was as follows. It was assumed that, if the type of building had been determined, the 
number of transient occupants was proportional to the building’s floor area. The building type recorded in the 
PT data and the floor area provided in the GIS data were combined to allot the portions of the transient 
population into each building. 

 

Figure 10. Study area for casualties due to building collapse (Setagaya Ward) 

Building collapse model 

It is widely believed that the Tokyo region will be struck by a severe earthquake in the near future. This has 
spurred appeals to authorities to revise their regional disaster mitigation plans. In the present study, we assumed 
a severe earthquake, in which epicenter is in the northern region in Tokyo Bay. The scale of the earthquake is 
magnitude-M7.3, and the maximum seismic intensity is 7 on the Japanese scale. The building collapse model 
(Murao and Yamazaki, 2001) was adopted here; it predicted the probability of collapse, given the number and 
ages of buildings (Figure 11). The building structures and ages in Setagaya Ward were input to the model and 
the collapse probabilities were calculated. Means were calculated throughout the region shown in Figure 10 to 
find the spatial distribution of affected buildings in terms of the actual addresses. Setagaya Ward has many 
wooden and aging structures, and a considerable number of these are at risk of complete collapse. 

 

Figure 11. Probability of complete destruction of buildings varying according to building structure and age 
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Analysis of casualties due to building collapse 

The number of transient occupants of a zone containing a university, companies or offices fluctuates widely 
throughout the day on a weekday. The fluctuations are milder on a weekend. As large numbers of transient 
occupants leave Setagaya Ward on weekdays, the number of residents is small; this number is greater on 
weekends. 

High peak ground velocities increase the death toll due to building collapse on both weekdays and weekends, on 
mornings or evenings, when the transient occupant population is high. Casualties are also higher on weekends, 
when people are at home, than on weekdays. Figure 12 (left panel) shows how the populations at home and 
away from home, and related death rates, vary with the hour of day. Casualties at home are higher on weekends, 
and casualties away from home are higher on weekdays. Figure 12 (right panel) graphs the casualty rate for 
different age ranges as it varies with the hour of day. The age range showing the greatest variation between 
weekdays and weekends in death rate is the 13 y.o. – 64 y.o. population, i.e., the population not requiring 
additional assistance. Thus, weekdays and weekends show great differences in the expected situation following 
a disaster and in the age range of the victims. Many people move into the city center on weekdays, so the 
locations of expected casualties vary with the time of day.  

 

Figure 12.  Time changes in the estimated number of deaths for each age group on weekdays and weekends 

 

Figure 13 shows how the projected death tolls vary for different districts, assuming a disaster at noon on a 
weekday and a weekend. Casualties are high on weekdays in zones containing many offices and companies, and 
are high on weekends in residential zones. Thus, casualties are expected to differ greatly between weekdays and 
weekends, depending on the land use of the location. 

 

Figure 13.  Relationship between the estimated death toll on weekdays and weekends 
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Spatiotemporal distribution of people expected to require additional assistance during disasters 

Transient occupants aged 12 and under and 65 and older were here considered the population identified as 
requiring additional assistance during disasters. Many of this population live in outside the Japan Railways 
Yamanote Line (a belt line around Tokyo). Setagaya Ward is one of these locations. We need to pay more 
attention to those locations if a disaster strikes in daytime, since many commuters are staying in a city center 
and can't assist those people requiring additional assistance. Commuters going to work (i.e., individuals who 
don't need additional assistance during disasters) could be expected to assist the most vulnerable passengers on 
weekdays, as could shoppers and other passengers riding the trains for personal reasons on weekends, so the 
requirement for additional assistance would generally be lower at those times. However, since many able-bodied 
individuals travel from the suburbs into downtown Tokyo, the population requiring special assistance would be 
high at such times. 

Figure 14 (left panel) compares the fractions of population represented by the population requiring additional 
assistance during disasters on weekdays and weekends in Setagaya Ward. The zones with large numbers of 
offices and companies showed low fractions on weekdays (less than 0.2 %), while relatively high fractions were 
seen on weekdays in residential zones (larger than 0.3 %). The spatiotemporal distribution of the population 
requiring additional assistance during disasters is also shown in Figure 14 (right panel). Numbers were low on 
weekdays in zones with offices, companies and universities, but somewhat high in residential districts.  

 

Figure 14.  Relationship between percentage of population requiring additional assistance on weekdays and weekends 

 

The variation of the fraction of transient occupants inside collapsed buildings with the fraction of the population 
requiring additional assistance during disasters was estimated, and their spatial distribution was shown in Figure 
15. Some residential districts (colored by purple) showed high ratios of both groups on both weekdays and 
weekends. Since large numbers also left these districts to go to work, however, this depleted the numbers of 
vigorous younger individuals like students who are able to help the population requiring additional assistance in 
evacuation. Thus, it may be more difficult to carry out timely rescue activities immediately after an earthquake 
on a weekday than on a weekend. This suggests that emergency planners for residential areas should consider 
performing drills assuming emergencies during the day on weekdays, because these locations would have the 
highest ratio of population requiring additional assistance during disasters to be rescued during those periods. 
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Figure 15.  Vulnerable regions for population requiring additional assistance during disasters on weekdays and 
weekends 

SUMMARY AND CONCLUSIONS 

This paper proposed a method for converting PT data from weekdays to PT data on weekends using information 
from Time Use Survey. It also compared spatiotemporal distributions of passengers at Tokyo railroad stations 
on weekdays and weekends and validated these figures. The weekend PT data created in this method provide an 
estimate of the spatiotemporal distribution of the transient occupants in Tokyo, which differs greatly from that 
on weekdays, and also provide crucial information about this population. Combining these with detailed data on 
buildings allows estimation of the number of victims of a disaster due to the collapse of buildings. The 
casualties in locations such as Setagaya Ward that contain many residential districts would be larger on 
weekends. However, since the portion of population represented by individuals requiring additional assistance 
during disasters is high during the day on weekdays, the risk in terms of rescue activities after a disaster is 
higher on weekdays. Thus, it is appropriate to take the details of individuals’ status (working, student, age, etc.) 
into account when estimating the number of casualties due to a disaster. The fund of information constructed in 
this study about the transient occupants in Tokyo will prove to be useful as basic data for disaster managers. 
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