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ABSTRACT 12 
On January 5, 2025, New York City implemented the Central Business District Tolling Program 13 
(CBDTP), a congestion pricing policy targeting lower Manhattan. We evaluate its air quality 14 
effects after one year using ground-based and satellite observations. Using New York City 15 
Community Air Survey (NYCCAS) real-time PM2.5 monitors, we compare PM2.5 concentrations 16 
during the first year of CBDTP implementation with 2022-2024, finding statistically significant 17 
decreases within the congestion relief zone (CRZ). A difference-in-differences (DiD) regression 18 
approach reveals that the CBDTP drove a 13% reduction in PM2.5 at CRZ sites (p < 0.001), while 19 
nearby non-CRZ sites showed statistically insignificant increases (p = 0.056). We also analyzed 20 
tropospheric NO2 columns from TROPOMI, finding reductions exceeding 20% in the NYC 21 
metropolitan area in 2025 relative to a 2018-2024 baseline. Decreases are more pronounced in 22 
lower Manhattan than outer boroughs, but likely reflect broader regional trends rather than the 23 
CBDTP alone, with little to no evidence of traffic-rerouting-driven increases elsewhere. The 24 
program may nonetheless have contributed to the overall regional NO2 decline alongside other air 25 
quality policies. These findings offer critical early evidence that congestion pricing policies can 26 
deliver measurable air quality benefits, while contextualizing local improvements within the 27 
broader landscape. 28 
 29 
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1. Introduction 34 
Outdoor air pollution is recognized as one of the most significant global public health threats, with 35 
exposure accounting for approximately 1 in 8 deaths worldwide1. In urban settings, where heavy 36 
traffic is common, PM2.5 (particles ≤ 2.5 μm in aerodynamic diameter), NO2, and O3 pose the 37 
greatest environmental2,3,4 and public health burden5,6,7. Among internal combustion engine-38 
powered vehicles, on-road gasoline-powered vehicles generally have the lowest PM2.5 and NOx 39 
emissions per vehicle-mile traveled, whereas diesel-powered vehicles emit higher levels of both; 40 
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emissions also increase with vehicle age, with older vehicles emitting more per unit of fuel 41 
consumed8,9,10. 42 
 43 
To mitigate urban congestion and traffic-related pollution, cities such as London11,12,13, 44 
Stockholm14,15,16, and Singapore17,18 have enacted congestion pricing. Congestion pricing policies 45 
promote use of public transit and encourage drivers to adjust their routes, departure times, and 46 
destinations, thereby alleviating congestion and local air pollution19. However, there is also 47 
concern that congestion pricing policies may be redistributing air pollution from more affluent city 48 
centers to lower-income zones19,20,21. Evaluating environmental effects both within and beyond 49 
targeted zones is essential to ensure such policies do not exacerbate environmental injustice. 50 
 51 
On January 5, 2025, New York City began its Central Business District Tolling Program (CBDTP), 52 
the first congestion pricing policy implemented in the United States. The program charges drivers 53 
a toll to enter Manhattan south of and including 60th street, though excludes roadways on the 54 
perimeter of Manhattan so long as the driver does not exit these roadways onto local streets in the 55 
congestion relief zone (CRZ)22,23. The CBDTP is in effect 24 hours a day, with toll amounts 56 
depending on vehicle type, time of day, whether any crossing credits apply, and the method of 57 
payment. Individuals paying with E-Zpass, which accounts for around 90% of toll transactions, 58 
receive a discount of 33% relative to toll by mail rates. During phase 1 of the program (2025-27), 59 
tolls for vehicles paying with E-Zpass are $9, $4.50, $14.40, and $21.60 for passenger vehicles, 60 
motorcycles, small buses, and large buses, respectively. These rates are in effect during peak 61 
periods (5 a.m. to 9 p.m. on weekdays, and from 9 a.m. to 9 p.m. on weekends). Overnight toll 62 
rates are 75% less than the respective rates during the peak period23. 63 
 64 
To date, there exists few evaluations of the CBDTP. One study integrated data from 42 monitors 65 
in NYC’s core-based statistical area to analyze immediate impacts (first 6 months) of the CBDTP, 66 
finding a 22% decrease in PM2.5 in the CRZ as well as moderate declines (~1 μg/m3) throughout 67 
the region when compared to data from 202424. The Metropolitan Transit Authority of New York 68 
(MTA), in partnership with city agencies such as the Department of Health, also published their 69 
1-year assessment, and found an 11% reduction in vehicle entries into the CRZ, but no significant 70 
short-term impact on air quality25. Though previous studied across Europe and Asia17,26,27, New 71 
York City presents a unique context due to its distinctive American vehicle fleet and traffic 72 
patterns. Few studies have addressed both direct and spillover effects at fine spatial scales, and 73 
even fewer, if any, have integrated satellite observations to capture the spatial heterogeneity of 74 
urban air pollution following congestion pricing policies.  75 
 76 
Here we examine the short-term impacts of the CBDTP on PM2.5 and NO2 concentrations across 77 
New York City, using a difference-in-differences regression on ground-level monitoring data 78 
complemented by satellite-based tropospheric NO2 measurements. This approach allows us to 79 
assess both direct, causal changes within the Manhattan congestion relief zone and potential 80 
spillover effects into surrounding boroughs. We go beyond initial assessments of the CBDTP by 81 
incorporating satellite observations and by directly addressing spillover effects. Our findings 82 
provide actionable evidence for air quality managers, policymakers, and urban planners, both for 83 
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making adjustments to the CBDTP and for informing future congestion pricing implementations 84 
in other cities. 85 
 86 
2. Results and Discussion 87 
 88 
2.1 PM2.5 Concentrations in 2025 Compared to Previous Years 89 
 90 

 91 
Figure 1: Time series of monthly-averaged PM2.5 measurements at six New York City monitoring sites: (a) 92 

Manhattan Bridge, (b) Williamsburg Bridge, (c) Broadway & 35th, (d) Queensboro Bridge, (e) Cross Bronx 93 
Expressway, and (f) Queens College. 225 (solid, dark blue) vs. 2024 (purple) vs. 2023 (light blue) seasons. 94 

Observations with PM2.5 > 40 μg/m3 are removed. 95 
 96 
Monthly-averaged PM2.5 concentrations at 6 (out of 15) select New York City monitoring sites, 97 
selected to be representative of both within and outside of the CRZ, are shown for the 2023 through 98 
2025 (Figure 1). Across all locations, PM2.5 concentrations fluctuated substantially from month to 99 
month, ranging from less than 5 to greater than 15 μg/m3. The high late summer peak observed in 100 
2023 is attributed to long-range PM2.5 pollution from Canadian wildfires28.  101 
 102 
Across all sites, 2025 values tracked closely with the 2024 and 2023 seasons, with recorded PM2.5 103 
concentrations being generally lowest and least variable between late winter and early spring. The 104 
2025 season displays dampened magnitudes throughout the year, particularly between March and 105 
June. All 6 selected monitoring sites showed lower median PM2.5 concentrations in 2025 as 106 
opposed to 2022-2024 (Supplementary Table 1). Across the larger 15-site monitoring network, 107 
some sites show increases of PM2.5 in 2025 compared to previous years, but each of these cases 108 
are statistically insignificant (Supplementary Table 1). The largest decrease, -2.70 μg/m3, was 109 
observed at the Broadway & 35th site (p < 0.001). A smaller decrease was observed at the Queens 110 
College site (-0.76 μg/m3, p = 0.08), furthest from the CRZ. Other sites had decreases between -111 
1.74 μg/m3 (Cross Bronx Expressway) and -2.11 μg/m3 (Williamsburg Bridge). Citywide PM2.5 112 
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decreases likely reflect broader efforts such as Clean Transportation Programs and regional shifts 113 
to cleaner energy, rather than the CBDTP alone29,30. 114 

 115 
Figure 2: Diurnal profile of PM2.5 measurements at six New York City monitoring sites: (a) Manhattan Bridge, (b) 116 
Williamsburg Bridge, (c) Broadway & 35th, (d) Queensboro Bridge, (e) Cross Bronx Expressway, and (f) Queens 117 

College. 2024-25 (solid) vs. 2023-24 (dashed) post-intervention seasons. 118 
 119 
Diurnal profiles of PM2.5 concentrations during the 2025, 2024, and 2023 seasons across 120 
monitoring sites are shown in Figure 2. For all locations, the diurnal curves are relatively flat, with 121 
only modest increases during late morning and evening hours. The diurnal curves for all sites are 122 
flatter in 2025 as compared to both 2024 and 2023, often showing little to no distinguishable rush 123 
hour spikes with the exception of Broadway & 35th. These differences are most apparent at the 124 
Manhattan Bridge, Williamsburg Bridge, and Queensboro Bridge sites (Figure 2a-b, d), which are 125 
all located in the CRZ, indicative of reduced rush-hour traffic (Supplementary Information Section 126 
1 and Supplementary Figure 1). 127 
 128 
Consistent with the monthly time series data, diurnal PM2.5 concentration measurements in 2024 129 
were consistently higher than that in 2025. These differences appear to be highest for sites located 130 
in downtown Manhattan at the southernmost part of the CRZ, with maximum interannual 131 
differences of -2.40, -1.98, and -1.85 μg/m3 for the Manhattan Bridge, Williamsburg Bridge, and 132 
Broadway & 35th monitoring sites, respectively. The Queensboro Bridge, located at the 133 
northernmost point of the CRZ, and the Cross Bronx Expressway, located in northern Manhattan, 134 
show slightly smaller decreases of -1.56 and -1.55 μg/m3, respectively, while the Queens College 135 
site shows a much smaller change of -0.58 μg/m3. 136 
 137 
2.2 Difference-in-difference Regression Analysis 138 
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 139 
Figure 3: Difference-in-differences regression of daily-averaged PM2.5 measurements for stagnant-wind days for 140 

New York City monitoring sites: (a) DiD regression, (b) DiD Regression with spillover effects.  141 
 142 

Difference-in-difference regression was implemented to discern causal impacts of the CBDTP and 143 
to contextualize the PM2.5 reductions described in Section 2.1 amidst interannual variability 144 
(Figure 3, Supplementary Tables 2, 3, and 4). Results indicate that the CBDTP was largely 145 
successful in reducing PM2.5 concentrations in the CRZ. As seen in Figure 2a, a difference-in-146 
difference regression comparing CRZ vs all non-CRZ sites yielded a DiD value of -1.29 (p < 147 
0.001), indicating that PM2.5 concentrations decreased by -1.29 μg/m3 (13%) beyond that which 148 
was conferred by long-term, interannual reductions. This effectively minimized the difference in 149 
PM2.5 pollution between CRZ and non-CRZ sites from 1.71 μg/m3 to 0.42 μg/m3.  150 
 151 
Given concerns that the CBDTP may spatially redistribute pollution, we performed a DiD 152 
regression comparing CRZ vs nearby (within 7 km) non-CRZ and distant (further than 7 km) non-153 
CRZ sites (Fig. 2b). The CBDTP was still significantly successful in reducing PM2.5 concentrations 154 
in the CRZ by a value of -1.33 μg/m3 (p < 0.001) or 13%. However, for nearby non-CRZ sites 155 
(namely, BQE and Mott Haven), the implementation of the CBDTP is associated with a causal 156 
increase of 0.33 μg/m3 (p = 0.056). These increases observed are not statistically significant at the 157 
95% confidence level, but are approaching significance, suggesting that there may also be 158 
unintended environmental consequences for surrounding neighborhoods, though more data 159 
collection is required to further establish significance.  160 
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 161 
2.3 Satellite Estimates of NO2 162 
 163 

 164 
Figure 4: Spatial distribution of tropospheric NO2 changes (1015 molecules/cm2) across New York City on cloud-165 
free stagnant-wind days, comparing 2025 with a 2018-24 baseline, excluding COVID19 lockdown period (Mar - 166 
Dec 2020). The CRZ corresponds to lower Manhattan. The NJ Tunnels and NY Bridges are a 0.03°  × 0.03°  box 167 

surrounding the NJ and Queens/Brooklyn entrance points respectively to the CRZ. The Other Boroughs are all NYC 168 
boroughs excluding Lower Manhattan. The NYC Metro is the average across all Counties in the Metropolitan area 169 

(all five boroughs, Fairfield CT, Westchester NY, Nassau NY, Bergen NJ, Hudson NJ, Essex NJ, and Union, NJ) 170 
 171 
Figure 4 shows tropospheric NO2 column concentration differences on stagnant-wind days 172 
between 2025 and a 2018-24 baseline, excluding the COVD-19 lockdown period. NO2 following 173 
CBDTP implementation is largely decreasing in the NYC metropolitan area, though magnitudes 174 
of decrease are variable dependent on region.  175 
 176 
Lower Manhattan shows a 23.0% drop in atmospheric NO2, compared to a 22.1% drop in outer 177 
boroughs. This similarity suggests that there is no discernible additional amelioration of NO2 178 
pollution within the CRZ due to the CBDTP, nor is there discernable exacerbation of in other 179 
boroughs. In addition, NO2 concentrations decreased by 25.5% in the NYC metropolitan area. 180 
Although the CBDTP may have contributed to this effect, the magnitude and spatial extent of this 181 
reduction suggest that NO2 decreases in 2025 are largely driven by concurrent regionwide policies, 182 
including fleet turnover associated with the MTA 2020-24 capital program31, as well as the 183 
ongoing electrification in the area. 184 
 185 
3. Conclusions 186 
This study provides detailed characterization of the short-term effects of the Central Business 187 
District Tolling Program (CBDTP) on PM2.5 and NO2 pollution in NYC. We first analyze ground-188 
based PM2.5 measurements from six NYCCAS sites both within and outside of the Congestion 189 
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Relief Zone (CRZ). Time series and diurnal data reveal that PM2.5 concentrations in 2025 were 190 
generally lower than in 2023-2024, particularly for sites located within the CRZ, consistent with 191 
other literature24. Flattening diurnal curves in the 2025 season are consistent with rush-hour traffic 192 
suppression following CBDTP implementation.  193 
 194 
We leverage a DiD regression model to assess for a causal relationship between CBDTP 195 
implementation and ambient PM2.5 measurement. Results indicate that the CBDTP was associated 196 
with significant decreases in PM2.5 concentrations at CRZ sites of around 1 μg/m3. However, when 197 
accounting for spillover effects by comparing CRZ, nearby non-CRZ (within 7 km), and distant 198 
(further than 7 km) non-CRZ sites, results suggest that the CBDTP was also associated with a 0.18 199 
μg/m3 increase in PM2.5 (p = 0.056). These ground-based results point to a possible redistribution 200 
of air pollutants that disfavorably impacts communities nearest to but not within the CRZ, but 201 
additional monitoring sites that are well-positioned and intended as control sites are needed to 202 
further establish robust statistical significance. 203 
 204 
We find a greater than 20% reduction in atmospheric NO2 in the NYC metropolitan area. While 205 
there is a minor difference in NO2 changes between lower Manhattan and other boroughs, this 206 
difference is likely not large enough to represent a meaningful difference attributable to the 207 
CBDTP. Instead, the CBDTP may have contributed to larger factors, such as the MTA’s transition 208 
to a zero-emission bus fleet and further electrification of vehicles and buildings. 209 
 210 
These outcomes highlight the importance of assessing congestion pricing programs on larger 211 
spatial scales to ensure such policies do not exacerbate existent environmental and public health 212 
inequities. The MTA’s mitigation efforts included in the CBDTP plan, such as the Bronx Asthma 213 
Program, Bronx Clean Trucks Program, and funds for air filtration in schools, represent a strong 214 
consideration of these unintended impacts25.  215 
 216 
Future research should extend the analyses by incorporating additional pollutants (e.g. O3 and 217 
chemical components of PM2.5) and health outcomes. Such analyses would provide a more holistic 218 
assessment of the CBDTP that would better inform policymakers and stakeholders. 219 
 220 
4. Methodology 221 
 222 
4.1 Ground-based PM2.5 data 223 
Ground-based datasets were obtained from the NYC Environment and Health Data Portal. These 224 
data represent hourly averaged measurements of PM2.5 from the New York City Community Air 225 
Survey (NYCCAS) and the CBDTP network of continuous, real-time, TSI DustTrak 226 
Environmental Monitor 8540 sensors25. These monitors, which measure PM1, PM2.5, and PM10, 227 
are located along roads on light poles 8 to 10 feet from the surface. NYCCAS applies a linear 228 
regression correction factor derived from comparisons between their Queens College monitoring 229 
site and federal reference method measurements taken every three days (Eq. 1).  230 
 231 

PM2.5 = β0 + β1 TSI DustTrak PM2.5 + β2 RH + β3 Temp (1) 232 
 233 
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Data used for analysis was taken from 15 NYCCAS monitoring sites across New York City from 234 
January 1 2022 through December 31 2025. To account for meteorological impacts on air pollution 235 
that are unrelated to the CBDTP, only stagnant wind days were considered for PM2.5, defined as 236 
days when at least two of three nearby airports (EWR, TEB, LGA) reported average 10m wind 237 
speeds less than 3.2 m/s between 12:00 and 4:00 PM local time. Further detail is provided in 238 
Supplementary Table 5 and Supplementary Figure 2.  239 
 240 
4.2 Satellite NO2 data 241 
Satellite NO2 data was obtained from the Tropospheric Monitoring Instrument (TROPOMI), an 242 
imaging spectrometer aboard the European Copernicus Sentinel-5 Precursor (S5P) satellite. We 243 
used the Level 2 tropospheric vertical column NO2 density product, which provides global daily 244 
measurements in mol/m2 at a native resolution of 3.5 km x 5.5 km (13.75 km2 per pixel). The data 245 
were filtered for clouds and quality assurance using a filter of qa_value > 0.75 from the TROPOMI 246 
NO2 product. The data were then re-gridded to 0.01° × 0.01° resolution which allowed us to more 247 
easily combine the data over time.  248 
 249 
The 2025 post-implementation data was limited to cloud-free stagnant-wind days (as defined in 250 
Sect. 4.1) between January and December 2025. The baseline period, representing cloud-free 251 
stagnant-wind days from 2018 to 2024, was similarly restricted to January through December 252 
excluding data from March through December 2020 due to the COVID-19 pandemic. Differences 253 
were calculated by subtracting the baseline period mean from the 2025 mean. 254 
 255 
4.3 Statistical Analysis 256 
The nonparametric Mann-Whitney U test was applied. The hypothesis that pollutant levels during 257 
the 2025 season were stochastically lower than those during the 2022-2024 seasons was tested at 258 
a significance level of α = 0.05. To more rigorously assess the causal impact of the CBDTP, we 259 
first implemented a standard difference-in-differences (DiD) regression method (Eq. 2) 32,33. 260 
 261 

PM2.5 = β0 + β1CRZ + β2Policy+ β3(CRZ x Policy) (2) 262 
 263 
CRZ is a binary indicator distinguishing PM2.5 monitoring sites within the CRZ from those outside 264 
the region. Policy is a binary indicator of if the observation was taken after the CBDTP 265 
implementation date of January 5, 2025. β3, also known as the DiD estimator, captures the 266 
estimated effect of the CBDTP on PM2.5 concentrations in the CRZ.  267 
 268 
To assess PM2.5 spillover effects to monitoring sites nearest the CRZ, we implemented an adapted 269 
DiD regression model34 (Eq. 3). 270 
 271 

PM2.5 = β0 + β1CRZ + β2Nearby + β3Policy + β4(CRZ x Policy) + β5(Nearby x Policy)   (3) 272 
 273 

Here, Nearby is a binary indicator for non-CRZ PM2.5 monitoring sites that are within 7 km of the 274 
CRZ, namely the Brooklyn Queens Expressway and Mott Haven. While β4 in this model is a DiD 275 
estimator for the effect of the CBDTP on PM2.5 concentrations in the CRZ, β5 is a DiD estimator 276 
for the effect of the CBDTP on PM2.5 concentrations for sites nearest the CRZ. 277 



 

9 

 278 
The DiD estimator assumes that all sites followed a parallel trend in the absence of CBDTP. 279 
Statistical significance of the DiD estimator was tested at α = 0.05. 280 
 281 
Data availability statement  282 
All ground-based PM2.5 data is publicly available on NYC Open Data website via https://a816-283 
dohbesp.nyc.gov/IndicatorPublic/data-features/realtime-air-quality/. MTA Bridges & Tunnels 284 
Hourly Traffic Rates are available via https://data.ny.gov/Transportation/MTA-Bridges-and-285 
Tunnels-Hourly-Crossings-Beginning/ebfx-2m7v/about_data. Satellite data from TROPOMI is 286 
available on the NASA Earth Data (https://www.earthdata.nasa.gov/) and Google Earth Engine.  287 
 288 
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1. Traffic Volume in 2025 Compared to 2024 
 
Traffic analysis was based on the Metropolitan Transportation Authority’s (MTA) Bridges & 
Tunnels Hourly Traffic Rates dataset, which represents the number of vehicles that pass through 
each tunnel or bridge’s toll plaza. The Queens Midtown Tunnel, which connects Queens to 
Manhattan’s east side at 42nd street, and the Hugh L. Carey Tunnel, which connects Brooklyn to 
the southern tip of Manhattan (Supplementary Table 6, Supplementary Figure 3), were selected 
for further analysis by virtue of their direct entry into the CRZ. Data was restricted to vehicles 
traveling northbound or westward to Manhattan for the Hugh L. Carey Tunnel and Queens 
Midtown Tunnel, respectively, from January 5th through December 31st for both 2024 and 2025. 
Daily-averaged data at these sites was used to create interrupted time series and diurnal 
visualizations. 
 
 

 
Figure 1: Diurnal profile of vehicle counts at two New York City monitoring sites: (a) Queens Midtown Tunnel, (b) 

Hugh L. Carey Tunnel. 2025 (solid) vs. 2024 (dashed) seasons. 
 

Diurnal trends of vehicle counts at two New York City monitoring sites are shown for the years 
2024 and 2025. The Queens Midtown tunnel connects Queens to Manhattan’s east side at 42nd 
street, and is one of the roads covered by the CBDTP. The Hugh L. Carey Tunnel, which enters 
Manhattan at the southernmost tip from Brooklyn, is not directly covered by the CBDTP; it is only 



when the vehicle exits the tunnel onto streets that congestion pricing is applied. However, these 
data represent the number of vehicles that pass through each tunnel’s toll plaza when entering 
Manhattan, and so are representative of traffic entering into the CRZ. It is important to note that 
these traffic sites do not correspond to the aforementioned PM2.5 monitoring sites. 
 

The above diurnal trends point to moderate decreases in traffic volume for both monitoring sites. 
The Queens Midtown Tunnel and Hugh L. Carey Tunnel both show a characteristic curve 
corresponding to peak traffic hours in the late morning and early evening. While the shape of these 
curves does not change drastically between 2024 and 2025, the peaks appear dampened.  
 

For the Queens Midtown Tunnel, decreases in 2025 relative to 2024 are noted between 05:00 and 
23:00, with differences ranging from -1 vehicle at 22:00 to -23 vehicles at 17:00. In 2024, for 
instance, maximum average vehicle counts were observed at 17:00, with a value of 251 vehicles. 
In 2025, the vehicle count average at 17:00 dropped to 228. Observed increases in 2025 are slight, 
ranging from +2 at 04:00 to +9 at 02:00. These slight increases likely reflect the overnight toll rate 
being 75% less than the respective rates in the standard peak period for all drivers. For the Hugh 
L. Carey Tunnel, 2025 trends track closely with that of 2024. Notable decreases are observed 
between 05:00 and 12:00, ranging from -5 vehicles at 12:00 and -14 vehicles at 11:00. It is unclear 
why decreases are not observed for end-of-work-day hours. Nonetheless, the results at both tunnel 
sites are generally consistent with the expectations for the program. 
 
 
 
Table 1:  Descriptive Statistics and Mann-Whitney U (MWU) Test Results of Ground-Based 
PM2.5 (μg/m3) by Monitoring Site for Stagnant-Wind Days 
 

 2022-24  2025    MWU 

 Mean St. Dev Median  Mean St. Dev Median  Δ  p-value 

Manhattan Bridge  11.86 6.19 10.50  9.27 4.37 8.41  -2.09  < 0.01 

Williamsburg 
Bridge 

10.69 5.61 9.37  8.27 3.91 7.26  -2.11  < 0.001 

Broadway & 35th 11.96 5.62 10.87  9.27 4.25 8.17  -2.70  < 0.001 

Queensboro Bridge 10.17 4.92 9.00  8.10 4.05 7.15  -1.85  < 0.01 

Cross Bronx Expy. 11.39 5.56 10.37  9.67 4.84 8.63  -1.74  0.02 

Queens College 8.61 4.67 7.40  7.52 4.08 6.64  -0.76  0.08 

Mott Haven 7.77 3.68 6.12  8.45 4.43 6.98  0.86  0.84 

Hunt’s Point 11.61 5.90 9.29  8.72 5.28 7.21  -2.08  < 0.01 



BQE 8.71 5.29 6.86  7.56 3.51 6.76  -0.10  0.30 

FDR Drive 8.88 4.79 7.92  7.81 3.22 7.04  -0.88  0.21 

Midtown West 12.39 6.13 10.04  11.46 4.44 10.31  0.27  0.39 

Hamilton Bridge 7.00 3.18 6.16  10.25 4.75 9.24  3.08  0.99 

Van Wyck Expy. 7.80 3.53 6.50  7.32 3.54 6.64  0.14  0.26 

Glendale 9.83 5.11 8.11  8.89 5.43 8.28  0.17  0.26 

Staten Island Expy. 8.18 4.35 7.03  9.83 4.89 8.63  1.60  0.98 

 
 
 
Table 2:  Descriptive Statistics of Ground-Based PM2.5 (μg/m3) by Monitoring Site Region 
 

 Pre-Implementation  Post-Implementation 

 Mean St. Dev Median  Mean St. Dev Median 

Non-CRZ  9.24 5.93 7.41  8.49 5.15 6.98 

CRZ 10.95 6.55 9.00  8.91 5.02 7.72 

Nearby Non-CRZ  8.22 5.23 6.42  7.84 4.58 6.59 

Distant Non-CRZ 9.43 6.03 7.59  8.72 5.31 7.09 

 
 
 
Table 3: PM2.5 Difference-in-Differences Regression Results 
 

 Pre-Implementation Post-Implementation Difference 

Non-CRZ 9.24 8.49 -0.75 

CRZ 10.95 8.91 -2.04 

Difference 1.71 0.42 DiD = -1.29***  
 

*p < 0.05, **p < 0.01, ***p<0.001 
 
 
 
 
 



Table 4: PM2.5 Difference-in-Differences Regression with Spillover Results 
 
 

 Pre-Implementation Post-Implementation Difference 

Distant Non-CRZ  9.43 8.72 -0.71 

CRZ 10.95 8.91 -2.04 

Difference 1.52 0.19 DiD = -1.33*** 

Distant Non-CRZ  9.43 8.72 -0.71 

Nearby Non-CRZ  8.22 7.84 -0.38 

Difference -1.21 -0.88 DiD = 0.33 (p = 0.056) 
 

*p < 0.05, **p < 0.01, ***p<0.001 
 
Table 5: Real-time PM2.5 Monitoring Locations  
 

Monitoring Location Latitude Longitude 

Mott Haven 40.80649 -73.92249 

Hunt’s Point 40.81909 -73.88566 

Cross Bronx Expy. 40.84517 -73.90614 

Brooklyn Queens Expy. (BQE) 40.70280 -73.96082 

Manhattan Bridge 40.71651 -73.99700 

Williamsburg Bridge 40.71807 -73.98606 

FDR Drive 40.72229 -73.97465 

Broadway & 35th 40.75069 -73.98783 

Midtown West 40.75508 -73.99041 

Queensboro Bridge 40.76123 -73.96389 



Hamilton Bridge 40.84654 -73.93302 

Van Wyck Expy. 40.69015 -73.80908 

Glendale 40.70574 -73.88627 

Queens College 40.73711 -73.82156 

Staten Island Expy. 40.60921 -74.15118 

 
 
 
Table 6: Traffic Volume Monitoring Locations  
 

Monitoring Location Latitude Longitude 

Queens Midtown Tunnel 40.74721 -73.96709 

Hugh L. Carey Tunnel 40.70039 -74.01512 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 2: Selected Real-time PM2.5 Sensor Locations Relative to Congestion Relief Zone (CRZ). 
Nearby (<7 km) sites include Mott Haven and BQE. 

 
 

 
 
 
 
 
 
 
 
 



Figure 3: Selected Tunnel Entry Point Locations Into the CRZ 
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