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Tab.3 The spatial model of GDP in the study area
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Fig.2 GDP density map in the study area
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Tab.5 Accuracy verification of GDP spatialization
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Fig.3 Changes of economic space in Wuhan
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Fig.9 Changes of economic space in Changchun
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40 ROV, AT LA 0 b B W 405 T 8 B AR A
. ’ FRLASMHT St 2 5625 AL A HEB PR 22, 0 LAAE Sk
@ ol B SRS BT R B Rl
=0 2) ML UL A 7 T B 7 B ) B
20 ST e A7 X PN BT 48 O S R AR AR Y
3020225‘—:3)5] 20225‘—:‘4)5] 2022£E5)EJ uﬁl Py 1%': H:II éljilri/t\t H EET%%; D@%H;H;q ’ j;]jzfﬁ EP ‘[:\ [Ziﬂjz%&
i [ [ B e 5 B £ & 7, yir e B i
PR, .. —— R LE e/ 10 5 K B SE ER  BK
BEE - Sk . Rk . gk FEBEARRO [ I0], o TR ) A 4 3t 0 0 5 B
S B e R e 1 PR HL T , kT PO RS BT R 32 205, )
3 iy N ~ N /
12 ERWHXE GDPRHLaS S B 1 X SRR A 20 3 TERENT I
Fig.12 GDP trend of Shanghai districts and counties

3 0T [ P I 0 4, K B PN 3R
TR DSR2 1B 00 10 52 31 14 5% I 58 /N | 3k i i
Sx X B2 B R (KA T BTl Bl TR 28
VEIF R IX, 05T & X AERT 325 e, HoAth i 2%
DXIRAZ M /N ) 5 FERENE T ok i < ki R LA o]
N RSB G  m H IX 2R Ak, it 2% X sk
FHBE TR A 3 s FEREE 5 1, 3T v DX
PRAZ IG5 5% DRIl 3 1 1 2 R AR
4 s
ATIFFE LA 5 A et S5 1 i 1) 2k 2 K SR 4
PESENE 9 Y 2T A 61, R GDP Geit 44 fi
NTL $4&#47 GDP 25 B4k, Wi IE 5/ GDP %5
] A | T DA B 3 T 45 M 2 Tl 1) 28 5 kG
PRI T (B 28 0% & Y 22 5%l Z AR AT,
BT H TR T 28 0% kR B B S AR AR E ST R
TERETE TR BB R, EEIRT .

1)NTL #5405 GDP GiiH{E 2 [BIAH P45 , 48
BRORBAF, WFE R, FEL AR MNL
GDP GRS, vl LRI i 4T GDP 25 [a) 4k,
ZoR VARG TE A2 2 i GDP T 1 45 5 ] 5%, ARE %%
/NETLUHF GDP 23 (a4 AT, it 47 FE R A
WA B NTL #8505 210 GDP %% 1 |8 BAT 811y i

Wi Je 393, N B3 R s A B A 3 o0 X B
B, 2 TRV R A, Sl T i i DX 2 B K A A
Yl AT O X B AR R Ne A RE 1 98 T i 2% X
S, ELYEENR i vt DX 28 B 40K O 38 ) A 5 T 100 %
XCH

3) GDP 75 [] LA UL 5 722 1k 34 5 4 4 R iy
JBEAH 5, A S0 A5 PR I S, GDP 2 ] AL A AL
{E 2> il B, 7R 1% B4 S, GDP %5 [A]
PR 2 AR A B ™ EE A X EL A T oA
X EL 2Tt B B i

4) AW IR T BROGE BT LI R0k I 22 36
TR SR I A R A5 Bl 4 et X 3ok v 25 1
By A SENE |, ) O 4 i i 3 28k T A 5 e R
HUR SRR S R S #

£ 2% 37k ( References) :
[1] B BTG 4 B 5 Bk T S A [ 1], MG HE B, 2020
(4) .35-41.

Zhang Q M.Global health diplomacy in COVID=19 epidemic[J].
Contemporary World ,2020(4) ;35-41.

Yue W,Gao J, Yang X. Estimation of gross domestic product using
multi - sensor remote sensing data; A case study in Zhejiang Pro-
vince, Fast China[ J].Remote Sensing,2014,6(8) :7260-7275.
A ZE BRI RO IE BB IE I [ )] 2= 4, 2015, 44
(6) :591-601.

Li D R,Li X.An overview on data mining of nighttime light remote



- 250 - H % %

J& 2025 4

[11]

sensing[ J ]. Acta Geodaetica et Cartographica Sinica, 2015, 44
(6) :591-601.

FRAHE, 4, T IR Suomi-NPP BLIAT SE¥ 4 5 GDP £y
HER SN[ AERRFFM(ARPIFIR) , 2016, 56
(10) :1122-1130.

Guo Y D,Gao ] H,Ma H B.Spatial correlation analysis of Suomi—
NPP nighttime light data and GDP data[ J ].Journal of Tsinghua
University ( Science and Technology) ,2016,56(10) :1122-1130.
JERME R, HEHT, 20, A5 B T R F 51 DMSP/OLS #4211
JCEAERY GDP BN [ )] op [ B2 B K 22441, 2019, 36
(2):188-195.

Gu P C,Wang S X,Zhou Y, et al.Estimation of GDP based on long
time series of DMSP/OLS nighttime light images[ J]. Journal of
University of Chinese Academy of Sciences,2019,36(2):188-
195.

PRAIUR KR T3, S a0, 25 B0 IAD KT D't SR dha 1o FH 2 3 i
A ] MU BERL A HE R, 2019,38(2) :205-223.

Chen Y B,Zheng Z H,Wu Z F, et al.Review and prospect of appli-
cation of nighttime light remote sensing data[ J].Progress in Geo-
graphy,2019,38(2) :205-223.

AATR, T NGE B SCRE, A5 BRI T D' 2 5 3T ) R T 52
Wl ik SUHARE )] GBEE,2021,25(1) :342-3064.
Yu B L,Wang C X, Gong W K, et al.Nighttime light remote sen-
sing and urban studies: Data, methods, applications, and prospects
[ J].National Remote Sensing Bulletin,2021,25( 1) :342-364.
BR8] 2, TG, S5 R E AT Ot A ) GDP %S i) 4k
ARFRTTILL ) HuERfE BR A1, 2012, 14(1) 1 128-136.

Han X D, Zhou Y, Wang S X, et al. GDP spatialization in China
based on nighttime imagery [ J].Journal of Geo—information Sci-
ence,2012,14(1) ; 128-136.

X A, 2R A ke, A T 18 AR A POT £l 19 GDP
2 (A A —— LA AR D il [ )] i 58 5 0T 4, 2021, 40
(2):27-32,39.

Liu Y,Li H W, Yang B C,et al.Spatialization of GDP based on re-

mote sensing data and POI data: A case study of Beijing City[J].
Areal Research and Development,2021,40(2) :27-32,39.

Dai Z,Hu Y,Zhao G.The suitability of different nighttime light da-
ta for GDP estimation at different spatial scales and regional levels
[ J].Sustainability,2017,9(2) :305.

INASC, JH AR 2 A AT B R = A ST R 25 () 45 g S G5
Wi 53— T NPP-VIIRS % KT K Fl w28 A FT A2
B[ ). 2P, 2023 ,43(5) : 78-88.

Sun J] W,Zhou X L.Spatial structure and influencing factors of the

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Yangtze River Delta urban agglomeration from a multidimensional
perspective ; Based on NPP — VIIRS nighttime lighting data and
Gaode’ s population migration data [ J ]. Economic Geography,
2023,43(5) . 78-88.

LR L IR SR I — S A TR ) AR
GDP ZS [ fk] J]. 38185 5. ,2021,36(2) :40-45.

Li X,Zhu J,Yin X D, et al.Spatializing GDP of Guangdong Pro-
vince based on Luojia No.1 night light data[ J ].Remote Sensing In-
formation,2021,36(2) :40-45.

Zhao Z,Tang X,Wang C, et al.Analysis of the spatial and temporal
evolution of the GDP in Henan Province based on nighttime light
data[ J].Remote Sensing,2023,15(3) ;716.

PARE S0 S A B U SR RSP W i TR N
FENE AL R B RE H—— DAL Bt A I [ )] 2 id 4l , 2022
(7) :43-48.

Jiang Z L,Deng J,Luan H J,et al .Rapid extraction of COVID-19
information based on nighttime light remote sensing: A case study
of Beijing[ J].Bulletin of Surveying and Mapping,2022(7) ;43—
48.

Ve 46,30 7 IR, A% B el o R 5 M1 W A T4 7 TL A i
SR [ J] SRR, 2020,24(7) :824-836.

Tao J H,Fan M,Gu J B, et al.Satellite observations of the return—
to—work over China during the period of COVID-19[ J].Journal of
Remote Sensing,2020,24(7) :824-836.

Elvidge C D, Ghosh T,Hsu F C, et al. The dimming of lights in
China during the COVID - 19 pandemic [ J ]. Remote Sensing,
2020,12(17) :2851.

Liu Q,Sha D, Liu W, et al.Spatiotemporal patterns of COVID-19
impact on human activities and environment in mainland China
using nighttime light and air quality data[ J].Remote Sensing,
2020,12(10) :1576.

Shao Z,Tang Y ,Huang X, et al.Monitoring work resumption of Wu-
han in the COVID=-19 epidemic using daily nighttime light[]J].
Photogrammetric Engineering and Remote Sensing,2021,87(3) :
195-204.

R, E LR B %.COVID-19 FEAK I 23 7341 5 dE BT 8
PER[ ] Mo pkAE BB, 2021,23(2) 1 188-210.

Pei T, Wang X, Song C, et al. Review on spatiotemporal analysis
and modeling of COVID-19 pandemic[ J].Journal of Geo—infor-
mation Science,2021,23(2) :188-210.

Zhao M, Cheng W ,Zhou C, et al. GDP spatialization and economic
differences in South China based on NPP - VIIRS nighttime light
imagery [ J].Remote Sensing,2017,9(7) :673.

Spatiotemporal analysis of economy in China’s primary cities affected by the

COVID-19 pandemic based on remote sensing of night light

LI Ruikai', ZHAO Zongze', TANG Xiaojie’, ZHANG Jiayun', WANG Guan', ZHANG Lijuan'
(1. School of Surveying and Land Information Engineering, Henan Polytechnic University, Jiaozuo 454000, China;
2. Zhengzhou Technology and Business University, Zhengzhou 451400, China)

Abstract: The Corona Virus Disease 2019 (COVID-19) pandemic significantly affected China’s economy. This
study investigated China’s five cities that witnessed large—scale COVID—-19 outbreaks based on NPP-VIIRS night
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light (NTL) data. A fitting model between the NTL index and GDP statistics was established. This model can
reflect the monthly economic variations, yielding the spatial distribution of GPD. Finally, this study analyzed the
trend in the spatial variations of the economy in the five cities during the COVID-19 pandemic by analyzing the
differences in monthly GDP density. The results indicate that the GDP predicted using the GDP spatialization based
on the NTL index exhibited relatively small errors and can reflect the impacts of the COVID-19 pandemic on the
urban economy in an intuitive and clear manner. Under the influence of mobility policies, the marginal areas of
most of the cities experienced economic recession in the early and late stages of the pandemic, with economic
growth observed in the middle stage of the pandemic. In contrast, the central areas of the cities experienced
economic recession in the middle stage of the pandemic, were subjected to minor impacts in its early stage, and
witnessed a rapid economic recovery in its late stage. Additionally, the economy in the central areas of the cities
was more resistant to the impacts of the pandemic than that in their marginal areas.

Keywords : night light index; COVID-19; major cities in China; GDP spatialization; spatiotemporal economic
changes
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