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Table 4 Changes of radiance of Night-Time Lights (NTL) in different land use types in New York and Chicago

GiEQ) 2

FH —— RGN/ (aWiemYsr) TR I/% — TGS A/ (nW/em®sr)  FESHSME AR 1k/%"
2020-02 2020-03 2020-04 3 AMFIE 4 AKIE 2020-02 2020-03 2020-04 3 AMEE 4 A MG

JEAE 834 27.10 2543 2393 -6.16  -11.70 2079 2835 2240 2435  -20.99 -14.11
Tl FH b 116 4938 4852 4571 -1.74 ~7.43 274 6129 4703 5396  -2327 -11.96
Toall FH Hb 212 48770 4729 4818  -2.90 -1.07 422 5112 40.89 4466  -20.01 -12.64
WH A 577 2222 2107 2057 @ -5.18 ~7.43 1077 1514 1245 1274 -17.77  -15.85
oz Bt i 35 80.58 7892  71.95 -2.06  -10.71 51 51.50 4324 4972 -16.04  -3.46
SR 276 4748 4727 4561 -0.44 -3.94 351 49.22 38.47 4223 -21.84 -14.20

W #3 A REIE=((2020-03)-(2020-02) )/(2020-02)x100% ,4 F FiE=((2020-04)-(2020-02))/(2020-02)x100% .,
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Abstract: The COVID-19 epidemic swept the world and continues to spread. Without effective medical treatments and vaccine during the
early stage of the pandemic, local governments in various countries had to lock down cities and adopt non-pharmaceutical interventions
(NPIs), such as the stay-at-home order and social distancing. The NPIs against the COVID-19 epidemic have significantly changed the socio-
economic activities in cities. However, the characteristics and patterns of urban socio-economic activities under this influence are still
unclear. Given the development of earth observation technologies, large-scale changes in socioeconomic activities can be captured by
satellites through remotely sensed Night-Time Lights (NTLs). In this study, we selected 20 major cities in the United States, including
Atlanta, Chicago, Dallas, Denver, Detroit, Houston, Kansas City, Los Angeles, Miami, Minneapolis, New York, Orlando, Philadelphia,
Phoenix, Pittsburgh, Salt Lake City, San Francisco, Seattle, Saint Louis, Washington D.C., to analyze the spatio-temporal variations of NTLs
caused by the lockdown of cities. The first round of the COVID-19 epidemic occurred in the United States in mid-March 2020. Since March
2020, American cities have successively issued stay-at-home orders, but differences in the time and strictness of policy implementation were
noted. Large cities have higher population density and intensity of social activities, so they are more susceptible to infectious diseases. The
diversity of lockdown dates and the strictness of lockdowns in the cities in the United States are conducive to investigating the spatio-temporal
variations of NTL. We acquired monthly averaged NTLS products of February, March, and April 2020, which were from Visible Infrared
Imaging Radiometer Suite (VIIRS) Day/Night Band (DNB) onboard the Suomi National Polar-orbiting Platform NPP. We further analyzed
the spatial pattern, distance decay, and disparities in land use types of changes in the NTLs. Results show that the NTLs generally dimmed
by 5%—8% in U.S. cities because of the lockdown of cities. In six cities, the luminous brightness dropped by more than 10%: Chicago,
Dallas, Denver, Detroit, Minneapolis, and St. Louis. Among them, Minneapolis showed the largest decrease in luminous brightness, with a
decrease of approximately 40% in March. The spatial change of the NTLs shows an obvious “core-periphery” pattern, indicating that the
reduction of the NTLs declined with the distance from the city center, mainly because the central area of the city is a concentrated
commercial area. After the closure of the city, commercial activities dropped significantly, resulting in an obvious reduction in NTLs around
the city centers. The reduction of the NTLs varied among the diverse urban land use types. In New York, the NTL decreased the most on
land for residence and aviation facilities by 12% and 11%, respectively. In Chicago, the NTL generally decreased by 20% in all types of
urban land, and NTL recovered after one month of the lockdown of the cities in other urban lands, except the sports facilities land. This
study only analyzed the spatio-temporal changes of NTLs. In the future, the results of this study can be combined with multi-source data to
explain the driving force of NTL changes. Night-time light remote sensing effectively reflects the urban socio-economic dynamics with an
important application in monitoring and assessing the socio-economic impacts of emergencies.

Key words: night-time light remote sensing, COVID-19, NPP-VIIRS, spatio-temporal variation, the United States
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