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Nitrogen dioxide (NO2) is a pollutant of concern in urban areas around the world. The main
sources in urban environments are related to the burning of fuel and include transportation,
electricity generation, and industrial and residential activities. From a public health
perspective NO2 has also been widely associated with respiratory disease, including
asthma exacerbation. NO2 also plays a key role in ground-level concentrations of ozone
(O3), which is also a public health concern. This policy brief explores the relationships
between transportation, climate changemitigation and ambient levels of air pollutants such
as NO2. The Covid-19 pandemic has offered a glimpse of how rapid changes in
transportation use can result in significant decreases in NO2 concentrations. Data from
New York City supports this relationship. Transportation policies aimed at reducing traffic
offer an opportunity to both mitigate greenhouse gas emissions and improve air quality.
The implementation of measures to rethink public space and the use of streets in response
to Covid-19 also provides insights into an additional policy alternative to achieve
these goals.
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AMBIENT CONCENTRATIONS OF NITROGEN DIOXIDE

Nitrogen dioxide (NO2) is a pollutant of concern in urban areas around the world. The main sources
of NO2 are related to transportation and stationary fuel combustion sources [U.S Environmental
Protection Agency (EPA), 2018]. In New York City, the highest concentrations of NO2 are estimated
to be in areas with high traffic, high density of buildings that burn fuel for heating and to run water
boilers, and industrial land uses (New York City Department of Health and Mental Hygiene, 2020).
In the United States, the implementation of fuel efficiency and vehicle pollution emissions
regulations have resulted in a decrease in ambient concentrations of NO2 in the last few decades
[U.S. Environmental Protection Agency (EPA), 2018]. In New York City, concentrations of NO2

declined by 29% between 2009 and 2018. These concentration values are derived from monitoring
stations (New York City Department of Health and Mental Hygiene, 2020).

Characterizing concentrations of NO2 in a city can be difficult because NO2 concentrations can vary
significantly depending on traffic concentrations. There is also evidence that the height of monitoring
stations is important in measuring this pollutant. A study in the South Bronx, New York City, found
significant differences in concentrations at 4 and 15m above ground-level (Restrepo et al., 2004). More
recently, satellite measurements have started to provide estimates of concentrations of NO2 at ground level
across wide geographical areas, including places where there are nomonitoring stations. At the global scale,
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NO2 concentrations are decreasing in North America and Europe,
but seem to be increasing in East Asia (Geddes et al., 2016). These
differences are related to urban growth, the implementation of
transportation and energy policies that impact the amount of
fossil fuel combustion and emissions, and the demand for
transportation and energy services.

The health effects of NO2 are well established [U.S. Environmental
Protection Agency (EPA), 2016]. Both short-and long-term exposure
to NO2 is associated with respiratory problems and asthma
exacerbation [U.S. Environmental Protection Agency (EPA), 2018].
The U.S. EPA has set an annual standard (53 ppb) and an hourly
standard (100 ppb) for this pollutant [U.S. Environmental Protection
Agency (EPA), 2018]. These standards aremeant to be protective of the
general population but health impacts can occur below these
concentrations. A study conducted in New York City for the period
1996–2000 found statistically significant associations between asthma
hospital admissions and ambient concentrations of NO2 (Restrepo
et al., 2012). A change in the inter-quartile range (IQR) of same day
24 h average NO2 concentrations had a positive association with
asthma hospitalizations for children aged 0–17 years (IQR �
0.011 ppm, RR � 1.017, 95% CI � 1.001, 1.034). These associations
were observed for concentrations below the annual standard (Restrepo
et al., 2012).

COVID-19 AND ITS IMPACT ON
TRANSPORTATION AND NITROGEN
DIOXIDE CONCENTRATIONS
The Covid-19 pandemic has impacted every facet of life in cities
around the world. In New York City, for example, the spread of the
virus resulted in significant restrictions. On March 16, 2020 public
schools in the city were closed (Shapiro, 2020). And starting on

March 22, 2020, all non-essential businesses in New York State were
closed (New York State Government, 2020). This had a dramatic
impact on transportation activities in the region, including vehicular
traffic. One proxy for traffic in New York City is the number of
inbound and outbound vehicles on the seven bridges and two
tunnels operated by the Metropolitan Transportation Authority
(MTA). These facilities handle over 310million vehicles per year
[Metropolitan Transportation Authority (MTA), 2020a]. Figure 1
shows the average daily vehicular traffic on these bridges and tunnels
operated by theMTA for the first 5 months of the year. Although not
a perfect characterization of all traffic, these MTA figures provide a
good description of traffic moving through New York City. The
impact of the Covid-19 restrictions are clear, the average daily
vehicular traffic for these MTA facilities decreased from
approximately 749,761 in February to 537,147 in March and to
280,324 in April. Traffic at these facilities seems to have started
increasing again in May, when this value was 419,464.

Not surprisingly, during this period, average concentrations of NO2

measured by the New York State Department of Environmental
Conservation (NYSDEC) through their network of monitoring
stations also decreased significantly. DEC monitors hourly
concentrations of NO2 at three monitoring stations in New York
City and these data are publicly available. One is located in Bronx
County and two are located in Queens County [New York State
Department of Environmental Conservation (NYSDEC), 2020a].
Figure 2 shows the daily ambient concentration of NO2 estimated
by averaging hourly concentrations over 24 h and averaging all
available data for the three stations. These values are a proxy for
ambient concentrations of NO2 in New York City for the period
January 1-May 31, 2020. The figure shows that although there is
significant daily variation, there is a downward trend in the last
3months. Figure 3 shows the average daily concentration of NO2

from these three stations, estimated from the hourly measurements for

FIGURE 1 | Average daily vehicular traffic on bridges and tunnels operated by the Metropolitan Transportation Authority (MTA) in New York. Source: Constructed
using publicly available data from the Metropolitan Transportation Authority [Metropolitan Transportation Authority (MTA), 2020b].
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the first 5months of the year, and compares 2020 values to those of
2018 and 2019. Starting inMarch, the figures for 2020 are significantly
lower than those of the two previous years. These two figures suggest
that the impact of Covid-19 restrictions on transportation during this
period has been very significant in terms of reducing ambient
concentrations of NO2.

Changes in the ambient concentration of NO2 cannot be
attributed only to changes in traffic and industrial activity.
Weather can also impact how NO2 disperses in an urban
environment (Collivignarelli et al., 2021; Wong et al., 2021).

Weather data recorded by a station in Central Park, New York
City, and maintained by the National Centers for Environmental
Information,1 indicates that the average maximum daily

FIGURE 2 | Daily concentrations of NO2 in New York City, January 1—May 31, 2020 (parts per billion). Source: Constructed using publicly available data from New
York State Department of Environmental Conservation [New York State Department of Environmental Conservation (NYSDEC), 2020b].

FIGURE 3 | Average Daily Concentrations of NO2 in New York City, January 1—May 31, 2020 (parts per billion). Source: Constructed using publicly available data
from New York State Department of Environmental Conservation (NYSDEC, 2020b).

1The weather data for Central Park, New York City were obtained from the
National Oceanic and Atmospheric Administration’s National Centers for
Environmental Information. The data are publicly available and can be
accessed at: https://www.ncdc.noaa.gov/cdo-web/datasets/GHCND/stations/
GHCND:USW00094728/detail (access date: May 12, 2021).
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temperature there for March 2020 was 55°F. The corresponding
figures for 2019 and 2018 were 49and 46°F. There was also some
variation in precipitation. In March 2020, the total precipitation
was 3.78 inches. The corresponding figures for 2019 and 2018
were 3.87 and 5.17 inches. Other meteorological factors, such as
wind, can also influence NO2 concentrations. But in this case the
significant drop observed is more likely caused by the changes in
traffic.

Reductions in ambient concentrations of NO2 were also observed
when lockdowns were mandated in cities around the world as a
response to the Covid-19 pandemic. For example, in London, Milan
and Paris, the observed reductions in NO2 concentrations during
lockdown in 2020 compared to the same period for the years
2017–2019 were reported as 71.1–80.8%, 8.6–42.4%, and
65.7–79.8%, respectively (Collivignarelli et al., 2021). Similarly,
concentrations of NO2 in Madrid and Barcelona during
lockdown (March 2020), were 56 and 59% lower respectively,
compared to March 2019 (Baldasano, 2021). A study that
compared air pollution concentrations in 41 cities in India during
the first lockdown (March 25–May 3, 2020) to concentrations
during the same period in 2019 found that in New Delhi,
Mumbai and Bangalore, the ambient NO2 concentrations were
lower by 61.74, 43.08 and 48.25% respectively (Vadrevu et al., 2020).

CLIMATE CHANGE AND
TRANSPORTATION

Climate change is a threat to human and natural systems (IPCC,
2018). Transportation is a significant source of greenhouse gas
emissions and transportation policies can play a key role in
climate change mitigation efforts. In the United States,
transportation was responsible for about 28% of greenhouse gas
emissions in 2018, making it the largest contributor [U.S.
Environmental Protection Agency (EPA), 2020]. Within
transportation, light-duty vehicles and medium- and heavy-duty
trucks accounted for 82% of the sector’s greenhouse gas emissions in
the same year [U.S. Environmental Protection Agency (EPA), 2020].

A recent report by the Intergovernmental Panel on Climate
Change (2018, chapter 2) suggests that emissions scenarios
consistent with an average global temperature increase of
1.5°C, which could avert severe impacts associated with higher
temperature increases, could be achieved with significant energy
reductions by the transportation sector, as part of a wider strategy
involving other sectors. The IPCC recommends a decrease in
energy use by the transportation sector of approximately 15% in
2050 compared to the levels recorded in 2015.

The figures presented in the previous section suggest that traffic
on MTA bridges and tunnels in New York City experienced a
decrease of more than 60% between February and April of 2020 as a
result of policies aimed at curbing the spread of Covid-19. These
traffic figures are likely to increase as the economy recovers in the
aftermath of the pandemic. Satellite observations indicate that NO2

concentrations in some parts of the world are already reaching pre-
pandemic levels (European Space Agency, 2021). But the current
crisis has also provided urban areas with an opportunity to pause
and think about the role of transportation, its impact on urban

environments and additional policies that could reduce vehicle
emissions of greenhouse gases and other air pollutants such as
NO2. The relationship between climate change and ambient
concentrations of NO2 will depend on the ways that climate
change influences the demand for services that may change the
amount of fossil fuels burned. For instance, increasing temperatures
could create greater demand for air conditioning. If this demand is
met through the use of increased fossil fuel consumption it could
lead to greater emissions of NO2 from stationary sources. However,
most climate change mitigation strategies call for shifting to
renewable sources of energy which could also result in decreased
NO2 concentrations. There are strong synergies between efforts to
improve air quality and address climate change.

CHANGING STREET SPACE TO
ACCOMMODATE USES OTHER THAN
VEHICLES AND TRANSPORTATION
As a response to Covid-19 and the need for social distancing, cities
like New York have started to rethink the use of street space. Figures
4, 5 show a key urban activity in New York City that has adapted to
pandemic conditions. As indoor dining was prohibited due to the
risks of Covid-19 contagion, city authorities responded by allowing
outdoor dining experiences that take advantage of sidewalk and
street spaces. The city also responded by closing some streets to
traffic to allow for these kinds of dining services and other uses
consistent with social distancing and public health concerns related
to Covid-19 [New York City Department of Transportation
(NYCDOT), 2020]. Figure 4 shows a restaurant that has outdoor
tables on the sidewalk and on space normally used for vehicle
parking in theWest Village inManhattan. Temporary green barriers
have been used to separate restaurant patrons from car traffic and
noise. Figure 5 shows a street in the East Village in Manhattan that
has been closed to traffic and is instead being used for outdoor dining
and to provide more space for pedestrians.

Similar measures have been widely adopted in cities around
the world (Bellon, 2020). The success of these measures means
they could be permanently adopted even after the pandemic. As
urban residents and city authorities think about post-Covid-19
streetscapes, they should rethink the amount of space that should
be accorded to private vehicles relative to other uses that favor
pedestrians, bicycle users and public space for leisure. Doing so
could provide cities with an additional policy option to improve
air quality and public health and achieve greenhouse gas
mitigation strategies.

Changing the use of street space to accommodate uses other
than vehicular traffic should be accompanied by traffic
management policies that reduce traffic. Otherwise simply
closing streets or reducing the space available for vehicles
could result in increased traffic congestion. Cities now have a
range of proven measures that can be used to achieve this.
Congestion pricing leverages the use of smart sensor
technologies to charge a fee for using a vehicle during peak
hours. This policy has been used successfully in Singapore,
London, Oslo and other cities (Eliasson 2018) and has been
shown to have a positive impact in terms of reducing traffic and
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air pollution, and improving public health (Simeonova et al.,
2018). It has also been evaluated for New York City (Baghestani
et al., 2020).

A number of public transit options, in addition to rail and metro
systems, can also be used to reduce automobile dependence
(Newman et al., 2017). Bus Rapid Transit (BRT) systems have

FIGURE 4 | Modified street space to accommodate outdoor dining in the West Village neighborhood of Manhattan, New York City (August, 2020). Photo credit:
Carlos E. Restrepo.

FIGURE 5 | A street closure to accommodate outdoor dining and social distancing in the East Village neighborhood of Manhattan, New York City (September,
2020). Photo credit: Carlos E. Restrepo.
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also been used successfully in cities around the world to provide an
alternative to the private automobile. They tend to be cheaper than
subway systems and can adapt to existing road infrastructure
(Wright 2001). Streetcars are increasingly being built and
expanded in many cities (Wood and Brown, 2019). Non-
motorized forms of transportation, like walking and bicycling, are
also being encouraged by providing safe spaces and added
infrastructure such as bicycle lanes and bike share systems
(Pucher and Buehler, 2008; Nair et al., 2013; Hamilton and
Wichman, 2018).

Covid-19 has also resulted in a decrease in the demand for
public transit systems as users were afraid of being in close
proximity to others. This was observed in New York City
(Office of the New York State Comptroller, 2021). The result
of reduced transit ridership had resulted in a significant loss of
revenue that has threatened the operation of these systems
(Tirachini and Cats, 2020). Supporting public transit systems
as cities recover from Covid-19 will be critical to achieving
improvements in air quality, reducing greenhouse gas emissions
and supporting alternatives to private vehicles that allow for
alternative uses of street space.

Additional support for programs aimed at allocating more space
on streets for uses other than vehicular traffic could be secured if
cities began to monitor air quality at these locations and evaluate
their potential for air quality improvements. In the case of NewYork
City, the network of air quality monitoring stations maintained by
the New York State Department of Environmental Conservation is
not designed tomonitor air quality with high spatial resolution [New
York State Department of Environmental Conservation (NYSDEC),
2020a]. There are too few stations and their goal is to monitor
compliance with federal air quality standards at the city level. New
York City Department of Health and Mental Hygiene (2020) has a
network of monitoring stations that can measure and estimate air
pollution concentrations with greater spatial resolution. Additional
monitoring stations could be added to specifically assess the impact
of programs such as Open Streets, which has resulted in the closure
of some street to vehicular traffic in order to provide more space to
pedestrians to follow social distancing guidelines and to allow
activities like outdoor dining [New York City Department of
Transportation (NYCDOT), 2020].

The impact of programs such as Open Streets on air quality
could also be evaluated using low-cost air quality monitors.
Although there are still some challenges with respect to the
accuracy of these devices compared to the much more
expensive traditional air quality monitors used to assess
compliance with standards, their performance is improving
rapidly and they are now recognized as being capable of

providing good results to assess relative changes in air quality
(Kumar et al., 2015; Jiao et al., 2016; Castell et al., 2017). In New
York City, low-cost portable air monitors have been used to assess
differences in the concentration of particulate matter (PM2.5)
across neighborhoods and to identify air pollution hotspots (New
York City Environmental Justice Alliance, 2021). There are now
low-cost monitors that assess concentrations of other pollutants
related to vehicular traffic, such as NO2 and carbon monoxide
(CO). City authorities could engage communities through
collaborative efforts to monitor air quality to assess the
benefits of these programs and, if they are found to be
meaningful, to gain their support for maintaining them.

CONCLUSION

There are a number of policies that can reduce the amount of fossil
fuels burned by the transportation sector. These policies are
consistent with the goals of climate change mitigation,
improved air quality and healthier communities. The Covid-19
pandemic has resulted in some newways of prioritizing street space
in cities that could further reduce vehicle traffic if extended beyond
the pandemic. On the other hand, the pandemic has also had a
negative impact on the finances of public transit systems as
ridership declined due to fears of contagion. Public transit is
critical to achieving the greenhouse gas emissions reductions in
urban areas consistent with keeping global temperature increases at
1.5°C or less. Public transit is also a key component of efforts to
reduce air pollution. Cities should maintain and strengthen these
systems beyond the pandemic. Additional well tested policies
aimed at improving fuel efficiency, switching to less polluting fuels,
adopting electric vehicles and promoting non-motorized forms of
transportation should continue to be implemented as part of growing
efforts to address climate change and improve air quality.

As cities begin to reopen economic activity they should not
rush to reverse the measures taken to restrict traffic and
repurpose street spaces. Instead, they should carefully monitor
and evaluate the impact of such measures on air quality and their
potential for greenhouse gas emissions mitigation. These policies
could help cities achieve multiple goals related to environmental
and social sustainability.
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