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Fig. 1 3D display of average daily positioning requests' distribution in off-season and peak season of tourism

P2 ARG, TIRERMENR o wBE sEs
TETR R RAY, HIEARWEE T, 7edm] st
B, B TRFRERES G 2T
22 5%, 7 SO IE 2R TR 240000 73 1 4 55_
HERR TN =
W3t
21
3 1t
CR= = AW RR A RH A
3.1 MBS B2 RGO TR e Ak
ZIKjCﬂéFH E;Kéﬁ% H@ﬁfi% T)?H%Eﬁ Fig. 2 Daily positioning request numbers in off-season and peak
e IR S I 2 A Xk R — season of tourism

PhZ4e e, AR LA AR IR RS . — Bkl g mamE, ZHrkaE g
M, =B =Bl sk s g ik o m ks . skim o i AT LAE AR AT A oA N o o3
Mrit s B e, H UL A Tucker 43 %", Tucker 72— R E By £ 04T, BHE—14
A — A% TR I R L — AN AR, BB R RR Ak
TERR EAYFEE R el E R, PA=Frak i Xe R fl, K4 Fmx HiEFT Tucker 43
fRINEE R, il — RO sk A 3 AR, RO PxOxU, Hd ok
GeR"", IIRBHXZMMAFR; 4eR"" . BeR™® . CeR"Y HINHETHMHE, K
4i 2 Ja bk A S R B BN F IR AR sk s A7 23 (B], DT I8 30 0F s 550 K 4 1Y)
H, EREVEHE R0 SRE S IUE R o A0 7K & 3 DR -0 e 2 [a] (4 A B AR FH sl ik &
SRR, X JEmZOIKE S 3P R AR (AX)), BEEKE XA
ik, X5 X 250 FRfrean ks X s



73] Vi 3R 45 SO ERBE I s RN Sl 1409
X=X=GxAxBxC (1) 40 -
BE—AIRX, KRR g5 TRE a
e ! =X, = T g 3.0—{ — HEZR s e

8 TR L 2 SR AR O 5K B G R R

AIRTHERE, HREiokeEfmN T 2
FEFESR AR AL sk it X AU

i XORFEYE . A SR H Morup 45
P2 B R i 3E 17 Tucker 43 i 155 75 SN-
TUCKER R f# .
3.2 FHiEiRiE
PR IE S s, Hoe, X
B AT AL B, MR % B SR L
BOUE ST R X SRR S R
Wi BEBLLH o /NI RS ()R ) R 2
DRI B, M =Bk, REis
FH Tucker B7Y | SEPEA1E 19 S EOR L
W, Xk 5 o ff R i, AR IUCECHE 7F
H o /IR 2 (o] 4 B 10 PR 7S 1
o 2 o PR R R O sk i A BT
TG B R B 2 BRAE , XS 18] R - 4H
R AT R4S 201 BB AR LAY 25 (7]
LS, BT Rl — XK A% M
HP A R A A st R] L B ALY AR 1k
MU, LU BR4 445k i i M ) vk
ik SHE BT
321 KEHE ALEMHHIRZEM
MEZ45 7 d B LB, o3 54 i
Pkt X=CEN 5 B H ), BRE
53R 24 h, TR R A A RS
S} 90694 4>, 43 il K HE IR 2 R AE 22
90694 x24x7 )5k &, B 75K H VI,
ok vl 90694 1724 %)), Hrh 4
— SR YRR R —K; FEEYIHIT
B—17FRR—DEN R, B—FFR
24 h g —ANEf B, b 1 BEX
0—1 s, MUK 2 HE 24 B B X Rz 23—
24 55 FEE VI A TR RN X
RE AN 5 X5 7 R 220 ) 7 50
322 SEUAE KEaMhrEE

&3

N
TG IR 2 FINE 23 s B v AR

Fig. 3 Hourly positioning request numbers in off-season and peak
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Fig. 6 Cost function values of different S-T-D compositions for dataset in off-season of tourism
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Fig. 9 Distributions of hourly patterns in off-season and peak season of tourism
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Fig. 10 Cluster centroids of spatial patterns in off-season and peak season of tourism
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Tab. 2 The core tensor of dataset in off-season of tourism

T1 T2 T3
D1 D2 D3 D1 D2 D3 D1 D2 D3
S1 0.1231 0.0000 0.0000 0.2751 0.0000 0.0000 0.0000 0.0000 0.0000
S2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.3983 0.0000 0.0000
S3 0.2224 0.2617 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

S4 0.0000 0.0000 0.0000 0.0000 0.0000 0.3775 0.0000 0.0000 0.0000
S5 0.0000 0.0021 0.0000 0.0000 0.0000 0.0000 0.0000 0.4192 0.0000
S6 0.0005 0.0000 0.2564 0.0000 0.0000 0.0000 0.0003 0.0012 0.0000
S7 0.0000 0.0958 0.0000 0.0000 0.2938 0.0429 0.0000 0.0000 0.0000

S8 0.0000  0.0000  0.0000 0.0000  0.0000  0.0000 0.0000  0.0000  0.3913
T AR OB S I BEZ A A BRI R -

®3 HEFKESWHZOKE

Tab.3 The core tensor of dataset in peak season of tourism

T1 T2 T3 T4
D1 D2 Dl D2 Dl D2 D1 D2
S1 0.4005 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
S2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.3904
S3 0.0000 0.0000 0.3422 0.0000 0.0000 0.0000 0.0000 0.0000
S4 0.0000 0.0000 0.0000 0.0000 0.0000 0.3618 0.0000 0.0000
S5 0.0000 0.0000 0.0000 0.0000 0.2748 0.0000 0.0000 0.0000
S6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.3493 0.0000
S7 0.0000 0.3427 0.0000 0.0000 0.0030 0.0001 0.0062 0.0000
S8 0.0000 0.0000 0.0000 0.3524 0.0000 0.0000 0.0000 0.0000

e AIRORIER R S N B A BORIKER .
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Discovering spatio-temporal patterns of human activity on the
Qinghai-Tibet Plateau based on crowdsourcing positioning data

XU Jun', XU Yang"?, HU Lei"’>, WANG Zhenbo’

(1. State Key laboratory of Resources and Environmental Information System, Institute of Geographic Sciences
and Natural Resources Research, CAS, Beijing 100101, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. Key Laboratory of Regional Sustainable Development Modeling, Institute of
Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China)

Abstract: The activities of local people and tourists have great effects on the ecological
environment on the Qinghai- Tibet Plateau. Different kinds of activities may cause different
impacts on ecology and environment. To effectively protect the ecological environment, it is
necessary to study the spatiotemporal patterns of different kinds of human activities. In this
paper, two Tencent positioning datasets which record one-week location requests in January
and July of 2018, respectively, are used to explore the human activities in off-season and peak
season of tourism on the plateau. A Tucker tensor decomposition method is employed to reduce
the dimension of massive data and obtain the principle modes of human activities. The data in
off-season are decomposed into 3 daily patterns, 3 hourly patterns and 8 spatial patterns, and
the data in peak season are decomposed into 2 daily patterns, 4 hourly patterns and 8 spatial
patterns. By analyzing the core tensor, different kinds of activities are inferred through the
relations among different dimensions of data, and the human activities in off-season and peak
season of tourism are analyzed. The human activities on the Qinghai-Tibet Plateau are found to
be different from those in other places. Different from ordinary weekday and weekend patterns,
there is a mid- week pattern (Tuesday through Friday) and an inter- week pattern (Saturday,
Sunday and Monday) on the Qinghai-Tibet Plateau, and there is a special holiday pattern in off-
season of tourism. It is also found that the human activities in off-season and peak season of
tourism are different, which indicates different activities of the local residents and the tourists.
In off-season of tourism, the positioning activities are very active in the morning, however, the
activities are less active during the daytime of mid-week days than during the daytime of inter-
week days, and the activities are mostly found in the cities in the mid-week days but mostly in
the outskirts of the cities or on the way to scenic spots in the inter-week days. In off-season,
there exist the activities of local residents. In peak season, there are less activities in the
morning, but the activities during the day are more broadly distributed both in the mid-week
days and in the inter-week days. It is indicated that the activities of tourists are significant in
the peak season. After clustering spatial grids with similar patterns, we find that there are mixed
spatial patterns in most parts of the study area, which discloses that there are usually multiple
kinds of human activities in a region.

Keywords: Qinghai-Tibet Plateau; human activity; off-season and peak season; big data; tensor
decomposition



