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Fig.1 Distribution of positioning data at 10:00 on the first day of the Qingming Festival in 2019 and 2020



1076 NI S 540 %:
#z1 ACINLANBRE=E
Tab.1 Classification and number of AOI
AOI 5% B/ FEIFING
. N TV NG AT R BN IR TR AR T AR A L SRR VYRR R R E
L 29 s s
IS " ﬂfiﬂ“i}.’ JWPIRDCA T A S T S AT R E D R S2E LR AT
4% e 102 SR S A A SR A S KR S UL R B
SeX 25 2O iR S AL
NI 64 UNTI iR
SR 13 SRRV N E e

AL JF I AT SO BE R B A o W T 07l TR RO &, nl T R Al P T it
An DRER T ATERE 4 WZEEMATHE  naPIR . @SL R BRI .

K,(d)A:

K (d)=

Y/ =k+p X + B, X, +5,X, +e 2
Z: i f( ) W Y,=k+B X, + B, X, + B, X, + B X, +e 3)
”(” )& S Ao AR & YO K24 B W R S5 2 RSEIRIA X

A AR T S B WA R d—d, O OHERE LU 2020 47315 1Y #2 2019 4F (1972 L

TR EIREAR SR
1.2.2 Gt

I IEZS

TR, FH LT COVID-19 S48 % TR IR X S8 A 1
T AR SE M (RS 1) 5 PR B Y, RS X A

P D #6538 (D' Agostino 6 56 ) X 5t X 5t FEl T3 S i 20 s 3 /NS DX 3 AR S AV R BRTE 2020

B SRR 3R B /e SRR 2019 AR AR R B (R 2)

DLV

TIEATERS . A5REW,20194F B [ A B PN - (D ARZ B R A F

2020 4E TR AR IR G iy B gk B IRIF XN B #O) 5 COVID-19 215 W) %25
EARTFE IR G . FIL, ] PythoniB S R FHAE BN FHRATIEUIAEE, Bt X ISR PR X kA e
SR Wilcoxon BERIK IS 4> B IE 20194E 5 20194F3E MY H X2 ik 8 @ Xo o AOT Y i Ml

2020 4F7E B |

FFEHTE], 3 RN A R PR GO XX AR AR (0 E LA IR PR SE

[ I ] B 7 0] A 25 R B /A giity g HiR2 7EfR 1 b, AOLZEAN K 44 i, ) Xo=

FRAE, A IR A I 5L K Fa g% E 5 0.05 L MIAYIIRSS N X=0, 7EMRL2 r, AOTZEAL Yy

(95% & 17K,

1.2.3 520 R 2K [l
COVID-19 L1 fE M FRIN IR TR BN, Bps i A S B4, e AN,

KB, W Xe=1, 5 o HABZE T 0 X.=05 AOT 2
RS S I 20, W Xe=1, 45 S HAl 2 AL, ) Xo=0., &

F2 FWEZEIRBE L SR KRG T
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Fig.2 Kernel density of regional positioning data at 10:00 on the first day of the Qingming Festival in 2019 and 2020
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Fig.3 Changes in positioning times on the holidays in leisure areas in 2020 compared to 2019
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Fig.4 Statistics of hourly average positioning times of famous scenery
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Tab.3 P value and 7 value of rank sum test on changes in positioning times
FELRT) Bz Rt
I %) SR AbE Rk X NCIRE] BiLEE
Pl i P i Pl i Pl i PIH i Pl i
9:00 0.041 2.041 0.001 3.179 0.028 2.192 0.026 2.225 0.001 3.432 0.190 1.311
10:00 0.026 2.221 <0.001 4.293 0.042 2.035 0.044 2.012 <0.001 4.172 0.082 1.738
11:00 0.025 2.249 <0.001 4.255 0.134 1.500 0.067 1.832 <0.001 3.667 0.054 1.924
12:00 0.001 3.429 <0.001 3.663 0.081 1.744 0.040 2.049 <0.001 4.085 0.005 2.828
13:00 0.016 2.403 <0.001 4.814 0.009 2.629 0.002 3.147 <0.001 3.748 0.014 2.448
14:00 0.004 2.858 <0.001 4.872 0.000 3.492 0.010 2.584 <0.001 4.420 0.008 2.660
15:00 0.010 2.570 <0.001 3.785 0.014 2.450 0.005 2.828 <0.001 4.891 0.064 1.864
16:00 0.001 3.260 <0.001 3.939 0.026 2.222 <0.001 3.604 <0.001 4.715 0.052 1.943
17:00 0.008 2.672 0.003 2.927 0.013 2.473 0.003 3.012 <0.001 4.690 0.008 2.660
18:00 0.009 2.627 <0.001 4.060 0.188 1.316 0.030 2.177 <0.001 4.392 0.014 2.455
19:00 0.070 1.814 <0.001 4.175 0.065 1.848 0.112 1.588 <0.001 4.486 0.173 1.362
20:00 0.042 2.037 <0.001 4.711 0.028 2.192 0.199 1.284 <0.001 3.799 0.044 2.019
21:00 0.035 2.108 <0.001 4.626 0.099 1.649 0.082 1.741 <0.001 5.035 0.415 0.815

2020 4F3 B Y L 55 215 55 2019 45 AH [R] B ] B g A
FIHR T 22 5110 7, 2020 415 H 9:00~21:00 A {Ffn] —
AN B, H e AL BUTT AR 1 A AR ST
2019 4E AR [ IS T] B, R 14:00~17:00 B Be(P<
0.01), H:rfr, ¥ BIA7ER 19:00 LLAN 38 13 0.05 A9 i
FAE KRG, 55 3h 14 11:00,19:00~21:00 LA A
W 0.05 1 B EPEARFERE ;@ AR 3,
2020 475 H 9:00~21:00 F9AEA] —ANEF BE, N )
R /NT 2019 4E (AR RIS B, 1% 25 5548 Wilcoxon
BRI I6 , 77 & 4% B X LR Geil2F  E pE(p<
0.05), F£ 2= 73 % L iy 45 2R 0 2 oK ik B T
0.01, iZ45FFW K X T AAMTHE 2020 4 35 B
5 B AT T A T S AT AR T A R
HVEF 543 BEOUHUE: 13:00 Z247) [R] FL 46 0k i 15
80% 2547 ;B TR ML AL AETH T BR T 11:00,12:00,
18:00,19:00 F121:00 #M438 1:F 0.05 [ I 7K~ F-4x
B, ZES5 31 12:00,13:00,14:00,17:00 . 18:00,20:00
It 0.05 ) AT

FF2019,2020 415 H 4K 9:00~21:00 351
13 h A H #4284 1) Wilcoxon Bk FTES 56 22 B, 2 1~
ARG IRE BT 95 sl 5 X R S 28 AOTL A ) ARk 43
AT 12,9 hifi i 0.05 By MK, AT T
B 13 h, SFJR BN 8 .6 he — T THIFRI, &7
FRERERZMA L 2020 4R35 BT 57 2 1 b U =
DL R 24 HE DX 3R 82 2019 48 1 2 B 5 55
— 5 T, M T X S SR T T 3 AR IR T g

F4 BENTERXMST

Tab.4 Correlation analysis of variables in model 1

At

A2 decline area positioning scenery
decline 1
area -0.186™" 1
positioning ~ —0.487" 0.654™ 1
scenery -0.015 0.444™ -0.101 1

TE o+ RIRTE 0.01 KT CRUB ) FH M i3

DI, = Jii 20 [ I H A 5% U T D BE AR TR 2
AE , P HAE COVID-19 EAF R T 19N 1 1 38
JINEF AR AR X T 2 i DX Sl N

3 SN ER

=2

Xof A 780 7 £ SR FH Pearson 325 547 AH S 4 #7 o
Tt K2 e PR S5 2 KRN IX (% 4),
MR FE X G  ATE T SRR 3 /NSRRI X
(3R 5), 1 N BT A6 5 2019 435 W9 € 47
£ AOTL AR 52 I 25 17 AH DG, 5 1 31 AOL A HERR T
AL B 3 IR A2 31 58 & S5 i i AR
TR R | TR B R AR PR DX 3852 COVID-19 #21
oM, N FHO N 2, [RIR AR R 2019 4F
TH T A EE S AOT AR 2 IE ARG, F B T AR
K AOT N IR AR A i 2

iz FH #¢ /N — 3 7] H (ordinary least square, OLS)
A3 MR DA HE X TR B T ORI R ) A8 AR EE 1Y)
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Tab.5 Correlation analysis of variables in model 2
AphE decline area positioning park square scenic spot temple church
decline 1
area -0.234" 1
positioning -0.524"" 0.792™ 1
park square 0.061 0.040 0.030 1
scenic spot -0.192 0.212" 0.225” -0.750"" 1
temple church 0.162 -0.338" -0.340™" -0.493" -0.207" 1

T 3 BIHE 0.01,0.05 7K CBUR ) AH 61 b 2

6 1RAV1[EILR

Tab.6 Regression results of model 1

ARt A FREB) PRifEIRZE PRt R B (Beta) 4 VIF
k -0.736" 0.102 -7.252
area 0.078™ 0.015 0.534 5.093 3232
positioning -0.129" 0.014 -0.870 -9.215 2.621
scenery -0.138"" 0.032 -0.339 -4.258 1.868

T ORTE 0.0 K L. T,

7 RE 2O

Tab.7 Regression results of model 2

ARt ARARELL R KU(B) PRUEDRE PRI R (Beta) t VIF
k -0.854™" 0.169 -5.055
area 0.072 0.020 0.495 3.528 2.722
positioning -0.128" 0.020 -0.892 -6.342 2.738
park square 0.050 0.046 0.107 1.079 1.361
temple church 0.055 0.073 0.079 0.743 1.559

SO, 2RI, F AR 22K D (VIF) R (E 35
ANTF 10, AN 7™ B Y £ T AL R I, 7E 2
KIS AOLE AT IR IR A HE A T 28 Ak 5% i X 22 43 B
BRI (R 6), W R AR L& FAE 5912 0.319,
32.258; 7E 3 /NS AOL AL (K 7), R AR b i\ F
B354 0.342 .12.845,,

HE 2 AN A LT L 2019 4R RS2 B R & 55
FEsZ M B g BT N #) (AOL T FL5 COVID-19
RETE ST R IR A ) A8 (AR B 3 4 DA G
Horp, 201943 BT A #1415 COVID-19 S 15 5
M) AHERA ) AR {0 22 A OG , % JE 31 AOT ABE#R ) 28
LA A 3 PR A 32 1) 58 A S5 i s A AR
7 BRI X 857 1] COVID-19 #2175 By 61 1) 52 Wi
K, HAE AL Yo i 58 e A 5% i B ol s A 4900 e
250 ZERMEYRE M, IS R TR, AR
G AEREIN K SUNGE & SN Wi pNO]ES:
RIRE AOT T AL COVID-19 B 2 AFE

AR AR B S TEAHOG, B o b I BB OK IX 4832 1) CO-
VID-19 BENT B G [ SN, AL e 5 K A F
SN GTh ey BRI . FURPRUE TR OR Y
DX, JLREAS 2R 0 PR RN RSO BE 22 B 5
Rz sz gy, A, i AUBOR Y X858 B A —E
fR 2 ST il 8], A M TSR AL G A 1 o il
M AR, AR 1 e, XU A SR IR DX
Wik 55 K 2 IR S 2E W W IR 55 B AR T
E IN(EPE i b AR W e i DR N AR
I TG FEREEY 2 Nl ) 8 SR L
AR TR X SR AN 2

4 BB
4.1 &g

ARSI ST =3 EE DL IR X, 3 5 A2
SUXT EE 2019 4FF11 2020 43 B 1 55 sh 5 1 RlK IR
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(1) COVID-19 R 1% T 2 AL 5T = 3R i DL KR
DI BN A B3 TR, IFFTIEIU 3 254K
PR X 38R N T30 78 2020 4R35 B L 55 3 1548 2019
A [F) 4 23 )R % 54.2% 1 53.0%, Horb . KUSE 4% i
N BT 5051 [ 53.6% 1 48.5% ; W 41 K 553 5]
T % 57.5% 1 52.0% ; 4 15 Ml 55 43 3 F [ 52.9% Al
55.6%. 5% COVID-19 £ 1E 52 m , Kt A F7E 2020
AR A HEIR IR TR B, N2 S B XA
FU sl At 2T s (R R A S BT A E AL Ye il
& XURSE 7 6T H R st 1) 3200 5 TR
SRR R, i & T R A e s R PR AT R4 2019
SRR A T R

(2) 76 X 24 Bk X S8 (K 240 23 A7l v, AN TR 22
X IR 14 T) 52 COVID-19 8155 521 (1) 28 Ab e B A
FE 225 . 2020 4ETE A (95 8l N L RO
2019 4 [RIHRE IR I 5, 5t XS0 AT 5 SRR
& 3 KA AN AT AL X IR AR S A R A3 5F
JHEE(41.7% .50.3%) <A 3(53.1% . 47.1%) <5
X 5 .(61.1%.51.2%). Al LAHZ R, L COVID-19
RENE AR 28 B AR T AR S 3T KU
24 WA DR R DX 358011 25 3 52 T R AR 1= S B SR 38 i<
H B IR IR SR <10 R Y6 10 25 AR IR, I — 22
S5HR AT ARREDIHE,

(3) AR AL 1y X5 24 ik X 35k 7 52 3] COVID-
191 T, N 1B /NS AR AP AE 25 57
20192020 43 77 57 8l 15 5K 9:00~21:00 A
2B A1) Wilcoxon BR AR 5028 BH , 2 MEAR 1191
B 55 30 5 I XA T ARk o A
12.9 hid ik 0.05 1) 5k 25 MK PR 56, AH W 1, 23 el
I 508 5 1313 h, S5 518 8.6 he AHXT
T DX SR Bl ) 3 2 SR R R R AR i 119 ) g X
B, S i 0 T 1) TR B M DR IX, IR L AE
COVID-19 FENE FE M T AFEFR T 1) B[] A5 LR AR X i
2 A X I ET s

(4) COVID-19 15 52 T IR R HEA ) 1 A8
TR 52 32 21 58 e T 45 i B PR DX 35 g R
Py RN XSRS VA G . — D7 i, A A2 3128
K AL MR R X #4007 5 COVID-19 #%1
SN AFERR AR A 2 A O, BDAREIR T i (R AR PR
X 35, 3% £I] COVID- 19 % 15 1) 11 [n] 5% ) 56 K, FoAE

COVID-19 #1585 KA I TAE e A2 T He
s AR B 2% 5 53— T, AR IR Ui AOT T AR
COVID-19 # 15 52 M N SRR BT S IE ARG,
R b i T AR [X 3857 31 COVID- 19 B 155 1) 1] 52
Ml /)N, FEAE AL Yelig 8 & S s i T b ob o ok
Bt GRHIR , — 7, Z BE Y se ], AT1A
[l 3k N 37 2 46 FIN 53 SR AR XSS B ML 5 55— 7 T
T AR T ) DX, BB A5 25 4 1) R DR R i o
2 ER G IR IR AR TG4 KU
4.2 Tig

WICE TR 8l AL s , 798 COVID-19 %1%
X TR PR DX 38 AR ) s ), ) = 5 58 & 1
XTR PR BERA T Ry e S AR S 58 AT — E F AR &
S, M5 AP COVID-19 B4 % v B R 3 T K IR
2SR M RR AR o RIS, R PR Xk 1 34 7
W5 BT COVID-19 R 1% B 3 1], X 28 37 e
NBER AR I T T RS . DL COVID-19 58 1E
WS RAVESIOEANS EREEEAY. 4 ¢ = 2 L ik SR N DN
TR, 2 A B BRI B RN il e
Jith, A PR R JEL 2 T AR R 2 P AR B R MR X
F IS e F AR T RN XS 3 ) A A F e
Bk, —Jr i A5 B A S A5 I T Aok (1)
Vi i 5] 23 L AR I A8 Sl =0 Bl ok 7T g, GPS .
LBS S H AR B & JE R AR 25 [0 7% 3036 BR e it 147
ARSZHE, TR N A 206 S 1E B A 2
PE AT R KA BhASm2s O R BUE
Bl , B MRS S e AR 2 A TG . 5
— 71T, B AR B ICEE A 2 () RO Ry i L
AR LR IEA BRI B — R IR 1
NP 2EfE M PR, 38 S o iU BIR S 7R PR 2
AOI X35 (1) B 8l o7 B, TR0 B8 R R A A
o X FEICE X AT RMIMNBIEE . R,
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Impact of the COVID-19 pandemic on population heat map
in leisure areas in Beijing on holidays

ZHAO Ziyu', ZHAO Shiyao', HAN Zhonghui’, XU Yunxiao', JIN Jie', WANG Shijun*
(1. School of Tourism and Geography Science, Qingdao University, Qingdao 266071, Shandong, China;
2. School of Management, Ocean University of China, Qingdao 266100, Shandong, China;

3. School of Geographical Sciences, Northeast Normal University, Changchun 130024, China)

Abstract: The Chinese government has curbed the outbreak of COVID- 19 through a population flow control
rarely seen in history. The COVID- 19 pandemic has greatly impacted the recreation industry. Using mobile
location data, this study quantitatively analyzed the impact of the COVID-19 pandemic on population heat map
in the leisure areas within the Third Ring Road of Beijing City on the Qingming Festival and Labor Day. The
results showed that: 1) The COVID-19 pandemic significantly impacted population heat map in leisure areas in
Beijing on holidays, and the population heat map values of the three types of leisure areas investigated in this
study declined by 54.2% and 53.0% on the Qingming Festival and Labor Day in 2020 as compared to the 2019
values, respectively. To be specific, the population heat map values of famous scenery, shopping services, and
hotel accommodation decreased by 53.6%, 57.5%, and 52.9% on the Qingming Festival, and by 48.5%, 52.0%,
and 55.6% on Labor Day, respectively. 2) There were differences in the degree of the impact on population heat
map in different types of areas in famous scenery. The impact on the three major segments of famous scenery
can be ranked in ascending order as follows: temples and churches (41.7%, 50.3%), parks and squares (53.1%,
47.1%), and scenic spots (61.1%, 51.2%). Wilcoxon rank sum test showed that the hourly variation of population
heat map in temples and churches was smaller, and the overall demand can be ranked in ascending order as
follows: sightseeing, daily leisure, and religious activities. 3) The 2020 population heat map of the leisure areas
within the Third Ring Road of Beijing City was significantly negatively and positively correlated with the
population heat map before the pandemic and area of these leisure areas, respectively. This can be attributed to
the risk perception of the leisure crowds and the spatial and environmental factors of the disease prevention and
control measures. This study provides a scientific basis for assessing the impact of the COVID-19 pandemic on
leisure forms in big cities of China.

Keywords: population heat map; leisure population; risk perception; COVID-19; Beijing City



