
Interrupted time series analysis of world nitrogen dioxide Sentinel 5-P satellite concentrations 
during COVID-19 lockdown 

Introduction
• The coronavirus disease (COVID-19) has caused global changes in human behavior patterns and economic activity, both due to 

personal choices and public health policies to slow the disease’s spread.1

• Nitrogen dioxide (NO2) is a pollutant that has been found to have adverse effects on human health, both independently and in 
conjunction with other air pollutants.2

• NO2 is emitted by anthropogenic sources including vehicle combustion and industrial processes. NO2 is often used as a proxy 
for measuring traffic-related air pollution (TRAP). Thus, it is a strong choice for evaluating the effects of lockdown, which 
severely limited human mobility.

• Both short- and long-term exposures to NO2 are have been shown to negatively impact health via a variety of biological 
pathways. 

• Recent studies have aimed to quantify the impact of the COVID-19 lockdown on NO2 concentrations on local, regional, national, 
and global scales using both ground and satellite data.3

• These papers used a variety of mechanisms and data sources; most concluded that NO2 did decrease over lockdown in the 
relevant study region. However, NO2 trends seasonally towards higher concentrations in the winter and lower in the summer. 
Because seasonal trends predict a decrease in NO2 in the northern hemisphere that temporally coincides with lockdown, it 
can be difficult to distinguish seasonality and lockdown effects.

• This study attempts to address these challenges and validate recent findings. We present a novel angle in the following ways:
1. Satellite-obtained tropospheric NO2 column density4 is used for an interrupted time series analysis (ITS), including 

historical data for comparison.
2. The study stratifies NO2 spatially by urban and rural areas, which allows for the impact of lockdown to be assessed in 

highly populated areas where behavioral changes due to lockdown measures were likely magnified.
3. The scope of the study is global; individual countries in IHME GBD (Institute for Health Metrics Evaluation Global Burden 

of Diseases, Injuries, and Risk Factors Study) super regions with high urban NO2 concentrations are chosen for further 
analysis.

Objectives

Results

• Though China had the most distinct change in levels during lockdown in urban areas, driving the worldwide pattern, all lockdown
indexes had a statistically significant effect on NO2 concentrations in at least one country.

• Significant rural-urban disparities in NO2 concentrations emphasize risk factors of urban living—exposure to outdoor air pollution has
an additive effect for densely populated areas already vulnerable to heightened disease transmission.

• Moving forward, post-COVID-19 policies to improve air quality without economic shutdown can be driven by the relative environmental
impacts of lockdown measures.

Alana Schreibman,  Blanca E. Himes, PhD
Department of Biostatistics, Epidemiology and Informatics, University of Pennsylvania, Philadelphia, PA

Methods

References 1. Muhammad, S. et al. (2020). COVID-19 pandemic and environmental pollution: A blessing in disguise? Science of The Total Environment, 728, 138820. 
2. Ji, X. et al. (2015). Acute nitrogen dioxide (NO2) exposure enhances airway inflammation via modulating Th1/Th2 differentiation and activating JAK-STAT pathway. 
Chemosphere, 120, 722-728. 
3. Shi, Z. et al. (2021). Abrupt but smaller than expected changes in surface air quality attributable to COVID-19 lockdowns. Science Advances, 7(3), eabd6696. 
4. Gorelick, N. et al. (2017). Google Earth Engine: Planetary-scale geospatial analysis for everyone. Remote Sensing of Environment.

A B
NO2 Concentration 
(mol/m2)

0
-3.1E-5

Conclusion

• Determine whether NO2 levels decreased during the COVID-19 lockdown using an interrupted time series analysis, filtering data 
by country and by urban-rural divide.

• Analyze the relative effects of different pandemic-related restrictions on NO2 in selected countries with a high baseline NO2.
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Figure 1. World NO2 tropospheric column density averaged over 6 weeks pre-lockdown (A) and averaged over 6 weeks post-
lockdown (B), with lockdown defined as Jan. 30th 2020, the day WHO declared COVID-19 a public health emergency. By visual
inspection, a decrease in NO2 occurs between A and B, especially over East Asia and Europe.

Data Retrieval

Country Selection

Analysis

Validation

• Used rgee R package to obtain and clean Earth Engine Sentinel 5-P weekly 
2019—2020 offline NO2 satellite data  (1.0 arc degrees resolution).

• Extracted urban and rural NO2 concentrations by country with World Urban 
Area shapefile from the North American Cartographic Information Society.

• Obtained OxGCRT COVID Policy Tracker data and filtered for 8 containment 
closure policy indexes and 1 overall stringency index. 

• Countries in R dataset wrld_simpl filtered for Area > 4,000,000 hectares  
• Urban Area shapefile used to extract urban NO2 concentrations by country from 

NO2 raster data. 
• Top 3 countries from each IHME GBD region sorted by 2019 urban NO2

averages chosen for further analysis. 

• ITS linear model created with interaction terms allowing for change of intercept 
and slope after interruption. Modeled actual and counterfactual situations for 
2019 and 2020.  

• ITS model interaction terms used to detect significant decreases in NO2 over 
lockdown date. 

• Model applied to 21 selected countries at 9 lockdown indexes. 

• Obtained 2020 EPA AirData NO2 daily monitor measures from 4 Philadelphia 
locations. 

• Extracted 2020 Earth Engine satellite data at coordinates of each monitor. 
• Created linear model for satellite vs. ground data for individual monitors and a 

Philadelphia average. 

Table 1 (left). Shown are ITS model outputs for urban areas of 21 countries,
stratified by IHME region. The ITS model created is as follows:

p values are included for the interaction term containing all three predictors
(no_of_weeks:year2020:covid_lockdown).

Figure 2. (above) Weekly satellite NO2 data (red) is plotted along with ground
monitor data (black) against time. Models for the overall Philadelphia average
data (shown here) and individual monitor data return p < 0.05.

Urban NO2 Concentrations During Lockdown
Significance of Varying Lockdown Measures on Ambient NO2

Philadelphia EPA Monitor vs Sentinel Satellite NO2, 2020
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Figure 3. (left) ITS models 
comparing urban (A) and 
rural (B) NO2 concentrations 
over 12 weeks pre- and post-
lockdown. Corresponding 
full-year data is also shown 
(C, D). Plots were created for 
all countries and lockdown 
indexes; only China with 
cancelled public events as 
lockdown is shown. Dotted 
lines model the counter-
factual situation and solid 
lines model actual 
concentrations in 2019 and 
2020. 
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Change in NO2 levels in urban vs. rural areas in China before and after Jan 22nd, 2020, the date public events were cancelled
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China urban NO2, cancelled public events as interruption,
 Oct 2018 − Dec 2019 vs Oct 2019 − Dec 2020
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