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Revealing the Behavioral Patterns of Different Socioeconomic Groups in Cities with
Mobile Phone Data and House Price Data
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Abstract: The spatial distribution characteristics and activity patterns of urban populations play essential roles in
studies of spatial isolation, optimizing urban resource allocation, and so on. Because of the sensitivity of
population activity data and socioeconomic data, previous studies focus mostly on the macro level. They have
difficulties in dividing the socioeconomic status and quantitatively analyzing human mobility regulation. In
recent years, geospatial big data, such as the mobile app data, provide us with a rare opportunity to analyze the
human activity of urban internal problems. In this study, we constructed a fine-grained activity portrait of mobile
phone users based on the mobile phone signaling data of Shenzhen residents, and coupled the high-resolution
Shenzhen house price distribution data to achieve accurate division of people by their economic levels. Then, we
extracted six activity indicators, which include the number of active locations, activity entropy, moment of
inertia, travel time, travel distance, and travel speed, to quantify the spatial distribution and analyze the activity
patterns of people at different economic levels. The results reveal the correlation between mobility and
socioeconomic status. The distribution of people's activities at different economic levels in Shenzhen was related
to the economic development of each administrative region. The results also demonstrated that three activity
indicators (moment of inertia, travel distance, travel speed) were positively related to the economic level.
Residents across different socioeconomic classes exhibited different travel patterns. Likely because the rich
people live in the southwest of Shenzhen, but their work locations have more self-selectivity. This leads to the

distribution of home and work locations in different administrative districts and the home-work distance of high-
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economic people are larger than others. For the other three activity indicators (number of active locations,
activity entropy, travel time) that reflect the similar pattern of activity between different socioeconomic status,
we found that people were mainly concentrated in living and working locations on weekdays. These locations
share activities on weekdays for people at different socioeconomic levels. The socioeconomic status does not
affect the number of daily activities nor the scheduling of activities. This study provides necessary data and
policy guidance for government and urban planners.

Key words: mobile phone data; housing price data; socioeconomic status; spatial distribution characteristic; be-
havioral activity regulation; home-work separation; Shenzhen
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Tab.1 Examples of mobile phone location records

ILRE R

HFid ILTIEL LRI Z]
f5d4a*******(0205 22 20120323 00:01:32
Obdf*******9]ch 24 20120322 23:30:13
1db8 1 ##*****adf3 23 20120322 23:25:37
4edd3*rxFrr*40a3 9 20120323 12:53:30
556df¥#*****439¢ 22 20120322 23:23:27
5790 *HH*ERCGT() 14 20120323 10:55:40

114.18%* 22.64**
114.21%% 22.60%*
114.21%% 22.60%*
114.09%* 22.73%%*
114.21%* 22.60**

114.35%% 22.70%*

20120323 01:28:39
20120323 00:30:15
20120323 00:09:29
20120323 02:27:50
20120323 00:26:04

20120323 11:26:35
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Fig. 2 Service area of mobile phone towers in Shenzhen in 2013
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Fig. 3 Housing prices mapping of Shenzhen in 2017 with a 5 m resolution
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Tab.2 Comparison of activity indicators for people with different economic levels in Shenzhen
SUOKT R TAERE AERRGUREE GRSl B ISR ATEE M ATEER WUERERS  ATEE
ik 1.000 1.000 0.942 0.987 0.625 0.982 0.934 0.831 0.674 0.581
ik 0.996 0.994 0.939 0.986 0.692 0.982 0.957 0.863 0.720 0.839
i 0.988 0.986 0.966 0.999 0.780 0.999 0.984 0.898 0.884 0.896
i 0.965 0.955 0.989 1.000 0.778 1.000 1.000 0.924 0.943 0.934
= 0.943 0.945 1.000 0.999 1.000 0.998 0.997 1.000 1.000 1.000

T NI X S R T I — AR A B

FHUEA L 2 8 2, o nl B H A

) TEINT FHUH - T KFAR BB R |
P AT PR B L A A A W S Y I 1 A
Ktk o BT R, NAEE SIS IO, AT B
B, AT R . R K AR AT
JRE gl A e, XA 28 T 7K A e B N X i A
AR SR FE EBA A k. S5 #E
NHEIUE o B e , B2 s IX 7 A Y B AR

(3) SR AT HAERE R | A7 38
ANTR] BRI AN [R) 2855 2K S AKX T35 3 o B4

(€)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

IS AT IR A R B AR R A LAY RRAE . XS
Xu S5 T HILAE A B 0 AN e
R sh WP TS I 22 e 7K X A T35 3l s e 15 3l
SN KSR o BRES[R)IE Bh 225200, AT
HE— 20 DI ] 45 B2 X HEAS [ 2855 7K AR KT
VE TSRS TR], R BLRE A 2255 K-V i, TRYITT AR
AR AN TAEIS )b AR ) 2

52 RE
ABFTEANG AL 22 A 1 e B O A B

http://www.cnki.net



11 KPR 2 A THUE A KA 55 O B T AN R 22 55 2K ARHEAT i s U 111

o AR AF %, P 2 o X SEHRR R R S AT 19
HENR TR T — B, ASCRARZESS & HAl A
AW SERITRANIGE . W WA SR 2R
ANTRIZERNEAE 5 SR AT LA ok o iy al
WAL SERA GO FE o I HA SO T BUMEAE | AT
B AT 3 U SRR AR HL AT, nl LA
T H AT U T 22 5 AT (9 AH ST 5 4R AR IR
HARGE LI, AR 2 5 K NHEZ )3 Sl ) 22
HefF e 225 o I, AR 55 7K AR ] S
N4 JE P A E L, IS 45 R A B THa /R
HEXS ST BEUROMI T8 2 57, DA i R kT o 8 2 A

AT 5%,

S %k (References):

[ 1] A NRIEFEEZ SR, 2010 4E5 ke E A A
WAy T HEIE A (58 15)[R].2011. [ National Bureau
of statistics of the People's Republic of China. Bulletin of
main data of the sixth national population census in 2010
(no. 1)[R].2011. ]

[ 2] BOUoR, BRLPE, AR WL 25 1 e B 3 A 1 Tl 9 3 2
[ RN Se——JE T 2010 455 7S v N F A Eidis
B4 [0 T F5%,2013,37(2):17-24. [ Duan C R, Lv L
D, Zou X J. Major Challenges for China's Floating Popu-
lation and Policy Suggestions:An Analysis of the 2010
Population Census Data.[J]. Population Research, 2013,37
(2):17-24.]

[ 3 ] Martens P, Hall L. Malaria on the move: Human popula-
tion movement and malaria transmission[J]. Emerging In-
fectious Diseases, 2000,6(2):103-109.

[ 41 285 i, 205 30T L A P —— Sl AL s AL i py it
W [9]. B4R, 2018,73(2):380-392. [ Niu F Q, Wang
F. Modelling urban spatial impacts of land- use/transport
policies[J]. Acta Geographica Sinica, 2018,73(2):380-
392.]

[ 5] Black R, Bennett S R G, Thomas S M, et al. Climate
change: Migration as adaptation[J]. Nature, 2011,478
(7370):447-449.

[ 6] Batty M. The size, scale, and shape of cities[J]. Science,
2008,319 (5864):769-771.

[ 71 Kitchin R. The real-time city? Big data and smart urban-
ism[J]. GeoJournal, 2014,79(1):1-14.

[ 8 ] Wakamiya S, Lee R, Sumiya K. Crowd-based urban char-

acterization: Extracting crowd behavioral patterns in ur-

ban areas from twitter[J]. Pers Ubiquit Comput, 2013,17:
605-620.
[ 9] Hanson S, Hanson P. The travel-activity patterns of urban

residents: Dimensions and relationships to sociodemo-

graphic characteristics[J]. Economic Geography, 1981,57
(4):332-347.

[10] Hanson S, Hanson P. Gender and urban activity patterns
in uppsala, sweden[J]. Geographical Review, 1980,70(3):291.

[11] Limtanakool N, Dijst M, Schwanen T. The influence of
socioeconomic characteristics, land use and travel time
considerations on mode choice for medium and longer
distance trips[J]. Journal of Transport Geography, 2006,14
(5):327-341.

[12] Carlssonkanyama A, Linden A. Travel patterns and envi-
ronmental effects now and in the future: Implications of
differences in energy consumption among socio-econom-
ic groups[J]. Ecological Economics, 1999,30(3):405-417.

[13] Silm S, Ahas R. Ethnic differences in activity spaces: A
study of out-of-home nonemployment activities with mo-
bile phone data[J]. Annals of The Association of Ameri-
can Geographers, 2014,104(3):542-559.

[14] Xu Y, Shaw S, Zhao Z, et al. Understanding aggregate hu-
man mobility patterns using passive mobile phone loca-
tion data: A home- based approach[J]. Transportation,
2015,42(4):625-646.

[15] Huang Q, Wong D W S. Activity patterns, socioeconomic
status and urban spatial structure: what can social media
data tell us?[J]. International Journal of Geographical In-
formation Science, 2016,30(9):1873-1898.

[16] Xu Y, Belyi A, Bojic I, et al. Human mobility and socio-
economic status: Analysis of Singapore and Boston[J].
Computers, Environment and Urban Systems, 2018,72:
51-67.

(17] I G R RN GE AR S M. AL 5T b E GE T A
11,2018. [ Statistical yearbook of Shenzhen[M]. Beijing:
China statistics press, 2018. ]

(18] FRF TR PN o b— Al i e v ) 1 5200 K
Fif % 6 748 (7], BT 1 BH,2011,31(6):580-585. [ Lin Y C,
Feng J. Border effect and its temporal-spatial evolution in
the process of regional integration in Shenzhen[J]. Tropi-
cal Geography, 2011,31(6):580-585. ]

(191 BN GETH R BRI 2015 4F4 [ 1% A kR A 3
BRE S 1 [R].2015. [ Shenzhen statistics bureau. Shen-
zhen 2015 national 1% sample survey main data bulletin
[R]. 2015.]

[20] BN 20, Bz 7. N F G Sloek A0 AR 28 1 S iR 5 0]
& A BF2£,2009(4):52-61. [ Chen G, Li S, Chen Y L.
Population mobility and crime: An empirical analysis
based on China's observation[J]. Chinese Journal of Popu-
lation Science, 2009(4):52-61. ]

(217 AR A S Y R T S S P55 07 T ——LAIR
YT A9 (373 T 323, 2010,8(6):7-13. [ Shao Y, Song J



112 HoBk 5 BBk 2 R

2020 4F

H. Traffic congestion management strategies and meth-
ods in large metropolitan area: A case study in Shenzhen
[1]. City Traffic, 2010,8(6):7-13. ]

[22] {8 52 0, 5 A, B A 40, S5 R DI 10 5 4k o O e i A
(2014)[R].2014. [ Fu C H, Su Y, Lu J H, et al. Shenzhen
population and health development report (2014)[R]. 2014. ]

(23] KBSCHA. Hb FE S £ S AN ks -S54 5 R4 AR 52 e PR 2R B AR
H G A WESE[D]. LN 87 1K 2#,2011. [ Zheng W J.
Study on the determinants and relationship between Chi-
na's urban housing prices and rents[D]. Hangzhou: Zheji-
ang University, 2011. ]

[24] Cui N, Gu H, Shen T. The spatial differentiation and rela-
tionship between housing prices and rents: Evidence from
Beijing in China[J]. Geographical Research, 2019, DOI:
10.11821/dlyj020180352.

[25] Zhai D, Shang Y, Wen H, et al. Housing price, housing
rent, and rent-price ratio: Evidence from 30 cities in China
[J]. Journal of Urban Planning and Development- asce,
2018,144(1):4017026.

[26] 753,847 % o2 58 85 A A AL B (A 1) O SR PSR [0,
BT 54 .2007,26(6):951-957. [ Fang Y, Zhao S
L. Empirical study on the relationship of sale price and
rent of house in China[J]. Application of Statistics and
Management, 2007,26(6):951-957. ]

[27] WS AT 15 K, 5, 55 A RO 22 I 268 R BEHL AR AR I 3k
7 B A RO RUJE 1 61 3 [J]. bR A BB 224 42,21 2):
36-45. [ Yao Y, Ren S L, Wang J Y, et al. Mapping the
fine-scale housing price distribution by integrating a con-
volutional neural network and random forest[J]. Journal
of Geo-information Science, 2019,21(2):168-177. ]

[28] Yao Y, Zhang J, Hong Y, et al. Mapping fine-scale urban
housing prices by fusing remotely sensed imagery and so-
cial media data[J]. Transactions in Gis, 2018,22(2):561-581.

[29] Ye Y, Zheng Y, Chen Y, et al. Mining individual life pat-
tern based on location history[C]. 2009 tenth internation-
al conference on mobile data management: Systems, ser-
vices and middleware, IEEE, 2009.

[30] Zheng Y. Trajectory data mining: An overview[J]. ACM
Transactions on intelligent systems and technology, 2015,
6(3):29.

[31] Gonzalez M C, Hidalgo A R C, Barabasi A. Understand-
ing individual human mobility patterns[J]. Nature, 2008,
453(7196):779-782.

[32] Song C, Qu Z, Blumm N, et al. Limits of predictability in
human mobility[J]. Science, 2010,327(5968):1018-1021.

[33] Xu Y, Shaw S, Zhao Z, et al. Another tale of two cities:

Understanding Human activity space using actively
tracked cellphone location data[J]. Annals of the Ameri-
can Association of Geographers, 2016,106(2):489-502.

[34] Xu Y, Shaw S, Yin L, et al. Understanding individual dai-
ly activity space based on large scale mobile phone loca-
tiondata[C]. Geo- Computation 2015 Conference, Dallas,
Texas, US, 2015.

[35] XIUH0, I 5L, i B, A T B 28 I N RS B 5T
ZEIR[J]. M b PR AE BB, 2011,27(4):8-13. [ Liu Y,
Xiao Y, Gao S, et al. A review of human mobility re-
search based on location aware devices[J]. Geography
and Geo-Information Science,2011,27(4):8-13. ]

[36] Miller H J. What about people in geographic information
science[R]. 2005 Re-Presenting Geographic Information
Systems, John Wiley, 2005:215-242.

[37] Yin Y, Shah R R, Zimmermann R. A general feature-
based map matching framework with trajectory simplifi-
cation[C]. Proceedings of the 7" ACM SIGSPATIAL In-
ternational Workshop on GeoStreaming. ACM, 2016: 7.

[38] Hagberg A, Swart P, Chult D. Exploring network struc-
ture, dynamics, and function using network X, 2008[R].
Los Alamos National Lab, Los Alamos, NM (United
States), 2008.01.

[39] Dijkstra E W. A note on two problems in connection with
graphs[J]. Numerische Mathematics, 1959,1(1):269-271.

[40] Isaacman S, Becker R, Caceres R, et al. Identifying impor-
tant places in people's lives from cellular network data[J].
2011:133-151. DOI:10.1007/978-3-642-21726-5 9.

[41] Bojic I, Massaro E, Belyi A, et al. Choosing the right
home location definition method for the given dataset[J].
arXiv: Social and Information Networks, 2015.

[42] Sevtsuk A, Ratti C. Does urban mobility have a daily rou-
tine? Learning from the aggregate data of mobile networks
[J] Journal of Urban Technology, 2010,17(1):41-60.

[43] W S0 AE VAR, 250 R 5 T R MU T- WL {37 i O B
Mi(ﬁzJJHUL SRS HT 0] MLk B2 41, 2017,19(4):

467-474. [ Cao J Z, Tu W, Li Q Q. Spatio-temporal analy-
sis of aggregated human activities based on massive mo-
bile phone tracking data[J]. Journal of Geo- information
Science, 2017,19(4):467-474. ]

[44] Jenks G F. The data model concept in statistical mapping
[C]. International Yearbook of Cartography, 1967.

[45] Lefever D W. Measuring geographic concentration by
means of the standard deviational ellipse[J]. American
Journal of Sociology, 1926,32(1):88-94.



