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SUMMARY

Transit-Oriented Development (TOD ) has become an important strategy that deeply
affects the development of contemporary urban space and the living patterns of residents.
Combined with the characteristics of big data, time geography provides a research
framework for describing the dynamic structure of space from the spatial and temporal

activities of different groups.

The study aims to investigate the characteristics of TOD living circle. Time geography will
be used as the research framework. Therefore, the study proposes a dynamic urban spatial
structure analysis framework based on the big data of individual spatial and temporal
activities, and chooses the Taipei metro stations in Wenhu Line as the empirical area. The
research material will use the metro and bus IC card data to extract the frequency and non-
frequency activities and the range of living circle. To generalize the life style under TOD,
and explore the relationship between rider characteristics and the development of local

catering districts around the stations.

The results of this study indicate that there are differences in the spatial and temporal activity
characteristics of the stations, and Wenhu Line can be categorized into five types of living
areas, which represent the functional services corresponding to each types. Based on the
characteristics of various types of activities and living areas, the study can help to understand
the difference between the planning positioning and the actual spatial structure, and provide

valuable suggestions for the future direction of TOD.

Key words: Time Geography, Big Data, MRT Passengers, Living Circle, Transit-Oriented
Development ( TOD )




INTRODUCTION

The city is made up of people, space and life. Urban life is the behavioral interaction of
individuals that shapes the activities of social groups in urban space. The urban life shaped
by transit-oriented development has been advocated by urban planners around the world. It’s
also one of the long-term urban space development strategies promoted by Taipei City.
Although the planning concepts of the stations are similar, the spatial characteristics and
development of the stations are heterogeneous due to the differences in physical conditions,
functions and services of the stations. Previous studies have emphasized on the static

changes in space and seldom explored the interaction between people and space.

Time geography provides a perspective for understanding the development of urban
planning and dynamic urban spatial structure from the perspective of individual spatial and
temporal behaviors. It characterizes the spatial and temporal structure of the city through
people's daily life activities and focuses on the differences in the needs of different groups
in the city. However, previous studies have not been able to characterize the dynamic spatial
structure at the urban scale due to data and technical limitations. In recent years, studies have
begun to combine big data in order to interpret spatial-temporal patterns more
comprehensively and more closely to urban demographic data. However, there is still no

precise framework for data processing and activity path profiling.

In conclusion, this study combines the concepts of time geography and the big data
applications to construct a basic framework for recognizing temporal and spatial structures.
By connecting bus and metro IC card data to build up individual spatial and temporal
behavioral data, frequent and non-frequent activities are taken out as the characteristics of
lifestyle. Different lifestyles are summarized based on similarity of activities and the range

of living circles, and also explores the influence of different passengers.



MATERIALS AND METHODS

The study uses the Taipei metro stations in Wenhu Line as the empirical area, examining the
basic living circle within a 500-meter radius around the station. The metro and bus IC card
data are chosen for the study, and are used to reconstruct the daily activity trips of individuals,
which are also decomposed according to the three time segments: start, stopover, and end.

The research steps as follows:

(1) Understand the behavioral characteristics and frequency of adult, student, and elderly
passengers, and interpret various types of spatial and temporal activities to summarize the

lifestyle characteristics of the stations.

(2) Categorize the stations by K-means clustering method, select the stations that can
better present the characteristics of the life style, and further examine the differences in the

scope of the life circle.

(3) Use Pearson correlation to examine the correlation between different rider activities

and catering districts, to explore the influence and differences in user behavior.

RESULTS AND DISCUSSION

According to the research results, the time and frequency of outings are similar for the adult
and student groups. The elderly have the earliest start and end time of the day, and their
frequency of going out is lower than that of the others. In terms of the characteristics of
activities in the stopover time, the three types of passengers have three peak time periods in
the duration curves. They are similar in frequency and have a long duration peak of 8 to 11
hours over four days. Based on these characteristics, the activities can be broadly categorized
into two types of frequent activities: residential and work-learn activities, and three types of
non-frequent activities: the short- duration type of 0.5 to 3.5 hours, the medium- duration
type of 8 to 11 hours, and the long- duration type of 11.25 to 12.5 hours.

Using K-means clustering, the stations can be categorized into five types. After reviewing
the characteristics of each type of living circle, five types of lifestyles can be more
specifically defined, as follows: (1) Leisure Travel Functionality: Mainly providing short-
time activities such as transfer or leisure travel. (2) Work-Learning Functionality: Mainly
providing medium- to long-time activities such as work or learn. (3) Transportation
Functionality: Mainly providing interchange or simple ride services. (4) Complex
Functionality: The services provided are more complex and diversified. (5) Purposeful

Functionality: The single-function activities are particularly popular.



In addition, a comparison of the living area boundaries with the TOD boundaries shows that
the spatial extent of most activities exceeds the 500-meter boundary of the focal area. This
shows that passengers actually have a wider range of activities. Finally, the results of the
correlation analysis show that three passengers have different impacts on restaurant
development.

CONCLUSION

This study focuses on the development of a research framework for recognizing the spatial
and temporal activities and characteristics of passengers. By recognizing the activities of
passengers in the area around the station, it can reflect the needs of people's daily life, such
as living, working, studying, and leisure activities. The living circle can reflect the area of
people's daily life. Therefore, it provides a way to observe the spatial function of the area

around the station from the user's point of view.

At last, the research results reflect that different life styles are produced under similar
planning concepts, and that the actual activities of the passengers are different in terms of
planning positioning and spatial scopes. This suggests that in order to understand the
development of urban space, in addition to the static spatial development perspective, we
should also consider the various types of activities and the actual scope of activities at the

station.
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1= 2= 3% 4 = 5% 6 =% 7 %

FYHR

0-1 | p* 26,932 | 1,346 278 102 76 8 5
1-2 ] p& 40,510 | 2,755 525 216 133 33 12
2-3 /| p¥ 40,450 | 2,770 632 322 182 44 5
3-4 | pF 30,946 | 2,409 667 456 260 77 10
4-5 ] p& 19225 | 1,758 661 603 416 101 13
5-6 /| p¥ 11,534 | 1,454 658 715 563 132 13
6-7 ] P& 7,243 | 1,447 773 866 772 134 23
7-8 /| pE 5753 1,496 | 1,075 1262 | 1,074 173 35
8-9 /| p¥ 5896 | 2,112 1,654 |  2,395| 3,067 376 44
9-10 | p* 7,789 | 4,505 | 4,142 6,853| 9,130 493 73
10-11 ] p& 4,467 | 2,800 | 2,605| 4200| 5450 401 61
11-12 ] p* 1,988 | 1,179 | 1,030 | 1,533 1,793 233 55
12-13 /| p* 1,243 481 428 534 692 144 25
13-14 ] p& 627 199 126 157 227 40 15
14-15 /|- p* 244 61 32 37 40 7 2
15-16 /| p* 66 7 6 4 2 0 0
16-17 /|- p* 15 0 2 1 1 1 1
17-18 /|- p* 1 0 0 0 0 0 0
I3 204,929 | 26,779 | 15294 | 20,256 | 23,878 | 2,397 392
(¢ 230) (69.72%) | (9.11%) | (5.20%) | (6.89%) | (8.12%) | (0.82%) | (0.13%)
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0-1 | p¥ 162 (0.40%) 1 (0.02%) 28 (2.94%)
1-2 | p¥ 298 (0.73%) 16 (0.32%) 80 (8.41%)
2-3 /| p¥ 419 (1.02%) 57 (1.13%) 77 (8.10%)
34 pF 610 (1.49%) 141 (2.79%) 52 (5.47%)
4-5 ) p# 859 (2.10%) 211 (4.18%) 63 (6.62%)
5-6 -] P 1,096 (2.68%) 265 (5.25%) 62 (6.52%)
6-7 -] P 1,449 (3.54%) 297 (5.88%) 49 (5.15%)
7-8 /| P 2,174 (5.31%) 306 (6.06%) 64 (6.73%)
8-9 /| p 5,229 (12.78%) 542 (10.74%) 111 (11.67%)
9-10 -] p* 14,804 (36.17%) 1,591 (31.52%) 154 (16.19%)
10-11 -} p* 9,058 (22.13%) 958 (18.98%) 96 (10.09%)
11-12 ] p* 3,172 (7.75%) 382 (7.57%) 60 (6.31%)
12-13 /| p* 1,175 (2.87%) 183 (3.63%) 37 (3.89%)
13-14 -] p& 349 (0.85%) 77 (1.53%) 13 (1.37%)
14-15 -|- p¥ 61 (0.15%) 21 (0.42%) 4 (0.42%)
15-16 -] P 5(0.01%) 0 (0.00%) 1(0.11%)
16-17 -] P 4 (0.01%) 0 (0.00%) 0 (0.00%)
17-18 -] P 0 (0.00%) 0 (0.00%) 0 (0.00%)
B 40,924(100.%) 5,048 (100%) 951 (100%)
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‘ CES SEIBECES SRONNCE S SIORECE S 3]
B 3+ ] 617 (2.34%) 36 (0.95%) 34 (1.18%) 687 (2.08%)
g 711 (2.69%) 56 (1.49%) 104 (3.62%) 871 (2.63%)
¥ XA 729 (2.76%) 62 (1.64%) 78 (2.72%) 869 (2.63%)
¥ Fn 2,632(9.96%) | 243 (6.45%) | 252 (8.78%) | 3,127 (9.46%)
% 936 (3.54%) 102 (2.71%) 110(3.83%) | 1,148 (3.47%)
Wk 870 (3.29%) 150 (3.98%) 150 (5.22%) | 1,170 (3.54%)
> 3R A 1,619 (6.13%) | 275(7.29%) | 220 (7.66%) | 2,114 (6.39%)
P 1,346 (5.09%) | 280 (7.43%) | 204 (7.11%) | 1,830 (5.53%)
R 874 (3.31%) 136 (3.61%) 166 (5.78%) | 1,176 (3.56%)
Y 175 (0.66%) 49 (1.30%) 25(0.87%) | 249 (0.75%)
B 7R 627 (2.37%) 126 (3.34%) 46 (1.60%) 799 (2.42%)
vOLRE 1,387 (5.25%) | 319 (8.46%) 180 (6.27%) | 1,886 (5.70%)
[Ny 233 (0.88%) 53 (1.41%) 9(0.31%) | 295 (0.89%)
<3 1,141 (4.32%) | 227 (6.02%) 150 (5.22%) | 1,518 (4.59%)
&% B 869 (3.29%) 107 (2.84%) 93 (3.24%) | 1,069 (3.23%)
e 933 (3.53%) 122 (3.24%) 113 (3.94%) | 1,168 (3.53%)
B Ho 1,520 (5.75%) 181 (4.80%) 145(5.05%) | 1,846 (5.58%)
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o 2,280 (8.63%) |  323(8.57%) | 220 (7.66%) | 2,823 (8.54%)
N 777 (2.94%) 83 (2.20%) 88 (3.07%) 948 (2.87%)
H 1,722 (6.52%) 196 (5.20%) 148 (5.15%) | 2,066 (6.25%)
) 2,150 (8.14%) | 264 (7.00%) 137 (4.77%) | 2,551 (7.72%)
% B HE R 268 (1.01%) 29 (0.77%) 40 (1.39%) 337 (1.02%)
% B E T 992 (3.75%) | 227 (6.02%) 48 (1.67%) | 1,267 (3.83%)
|3t 26,422 3,770 2,871 33,063
(& 48K0) (79.91%) (11.40%) (8.68%) (100.00%)
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HEELFIERFE VRS 2 BRHEIR 2 2 BE TR - BT
Bl o RREE R o d R AR 2 BT E LR < e R
REEFEERE O CRG AR ARG I BFRS o AT FAER
THERFLRFDLR T R ORET < T R @y B
b o feam B ITE Y AER A “z,t\ﬁgs,[\—"zm,uﬁr}o
2r 92 PREARGHERFLEFY AUF L L
B - AR T EFA F R GRS
' CEX IRNCES SIONRCES TRNNCES 35
4 F] 400 (1.01%) 75 (1.54%) 12(1.55%) | 487 (1.07%)
™ 602 (1.52%) 176 (3.61%) 8 (1.03%) 786 (1.73%)
¥ AR 79 (0.20%) 3 (0.06%) 2 (0.26%) 84 (0.19%)
Fx¥R 1,601 (4.04%) | 488 (10.01%) 42 (5.43%) | 2,131 (4.70%)
3 80 (0.20%) 1(0.02%) 8 (1.03%) 89 (0.20%)
Wk 150 (0.38%) 9 (0.18%) 14 (1.81%) 173 (0.38%)
> 36 4] 1,470 (3.71%) 144 (2.95%) 43 (5.56%) | 1,657 (3.66%)
PR 2,308 (5.82%) 460 (9.44%) 54 (6.99%) | 2,822 (6.23%)
g 2,597 (6.55%) | 492 (10.09%) 78 (10.09%) | 3,167 (6.99%)
LEpE 254 (0.64%) 24 (0.49%) 9 (1.16%) 287 (0.63%)
3 51 2,144 (5.41%) 135 (2.77%) 80 (10.35%) | 2,359 (5.21%)
L 2,639 (6.65%) 206 (4.23%) 53 (6.86%) | 2,898 (6.40%)
ol 8 3 422 (1.06%) 28 (0.57%) 17 (2.20%) | 467 (1.03%)
L3 1,753 (4.42%) | 507 (10.40%) 44 (5.69%) | 2,304 (5.09%)
e 2,008 (5.06%) 103 (2.11%) 42 (5.43%) | 2,153 (4.75%)
7 7,726 (19.48%) 470 (9.64%) 48 (6.21%) | 8,244 (18.20%)
B e 5,714 (14.41%) | 535 (10.97%) 49 (6.34%) | 6,298 (13.90%)
% 1K 808 (2.04%) 296 (6.07%) 17 (2.20%) | 1,121 (2.47%)
o 521 (1.31%) 45 (0.92%) 31 (4.01%) 597 (1.32%)
N 104 (0.26%) 2 (0.04%) 17 (2.20%) 123 (0.27%)
o 1,061 (2.68%) 158 (3.24%) 28 (3.62%) | 1,247 (2.75%)
i 568 (1.43%) 371 (7.61%) 13 (1.68%) 952 (2.10%)
% % BR F F 2,022 (5.10%) 78 (1.60%) 23(2.98%) | 2,123 (4.69%)
3 B A 2,630 (6.63%) 69 (1.42%) 41 (5.30%) | 2,740 (6.05%)
3 39,661 4,875 773 45,309
(¢ %80 (87.53%) (10.76%) (1.71%) (100.00%)
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A hi s SIE B e S
‘T P L (#3‘: FEF 053 3/ pF)-
EREFER (FFFRF 1153 125 ). 2
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Pt 2-10 Bgor R ARE R AZF AT 3 LB MH P B AR F R R
T a B9 B R AAIEE R ;Eﬂg Breigp it Tt o BV I BELT R
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 w-10 2 A MRAELE

- AR EE Y ;§£~ EIERIE oF i E g et

LB e ZEAF S BB

Sk o PR 1eEy A | emrHal | P EREA | ERREd
(&30 o) | (8 et B) | (8RB ) | (8RR B | (F R )
3 ] 687 (2.08%) | 487 (1.07%) | 7,911 (4.71%) | 2,214 (1.07%) | 342 (1.08%)
H 871 (2.63%) | 786 (1.73%) | 1,514(0.90%) | 3,530 (1.71%) | 465 (1.47%)
FETT 869 (2.63%) 84 (0.19%) | 823 (0.49%) 429 (0.21%) 64 (0.20%)
F¥Fr 3,127 (9.46%) | 2,131 (4.70%) | 11,406(6.79%) | 7,538 (3.65%) | 1,183 (3.74%)
3 1,148 (3.47%) 89 (0.20%) | 1,482 (0.88%) 538 (0.26%) 60 (0.19%)
Wk 1,170 (3.54%) | 173 (0.38%) | 2,805 (1.67%) 898 (0.43%) | 138 (0.44%)
= % 4 2,114 (6.39%) | 1,657 (3.66%) | 7,414 (4.41%) | 8,336 (4.03%) | 1,272 (4.02%)
P 1,830 (5.53%) | 2,822 (6.23%) | 12,577(7.49%) | 11,821 (5.72%) | 1,897 (5.99%)
e 1,176 (3.56%) | 3,167 (6.99%) | 13,352(7.95%) | 14,964 (7.24%) | 2,183 (6.89%)
[T Y 249 (0.75%) | 287 (0.63%) | 6,474 (3.85%) | 1,846 (0.89%) | 358 (1.13%)
3R E 799 (2.42%) | 2,359 (5.21%) | 12,287(7.32%) | 11,908 (5.76%) | 2,280 (7.20%)
- 1,886 (5.70%) | 2,898 (6.40%) | 11,183(6.66%) | 13,377 (6.47%) | 2,323 (7.34%)
Pl g 3% 295 (0.89%) | 467 (1.03%) | 1,878 (1.12%) | 2,911 (1.41%) | 358 (1.13%)
<3 1,518 (4.59%) | 2,304 (5.09%) | 9,054 (5.39%) | 7,488 (3.62%) | 1,202 (3.80%)
&l % B 1,069 (3.23%) | 2,153 (4.75%) | 15,550(9.26%) | 9,912 (4.79%) | 2,510 (7.93%)
e 1,168 (3.53%) | 8,244(18.20%) | 9,650 (5.75%) | 35,959(17.39%) | 4,969(15.69%)
B 4z 1,846 (5.58%) | 6,298(13.90%) | 8,911 (5.31%) | 29,918(14.47%) | 4,261(13.46%)
2 1k 1,249 (3.78%) | 1,121 (2.47%) | 3,001 (1.79%) | 5,473 (2.65%) | 487 (1.54%)
R 2,823 (8.54%) | 597 (1.32%) | 7,047 (420%) | 2,613 (1.26%) | 549 (1.73%)
4 2 948 (2.87%) | 123 (0.27%) | 3,859 (2.30%) 586 (0.28%) 84 (0.27%)
P 2,066 (6.25%) | 1,247 (2.75%) | 4,024 (2.40%) | 5,348 (2.59%) | 615 (1.94%)
i 2,551 (7.72%) | 952 (2.10%) | 3,476 2.07%) | 4,369 (2.11%) | 400 (1.26%)
3 B EE 337 (1.02%) | 2,123 (4.69%) | 4,006 (2.39%) | 9,923 (4.80%) | 1,807 (5.71%)
E e 1,267 (3.83%) | 2,740 (6.05%) | 8,275 (4.93%) | 14,864 (7.19%) | 1,859 (5.87%)
e 33,063 45,309 167,959 206,763 31,666
(& BEod b)) (6.82%) (9.35%) (34.65%) (42.65%) (6.53%)
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