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APPENDIX 1
SAMPLING METHODOLOGY AND 
DATA SOURCES FOR 
EMISSIONS INDICATORS

NYCCAS air quality monitoring began in December 2008.  Field teams sampled the air at 150 NYC loca-
tions per year during the first two years and at 60 to 100 locations per year in subsequent years. Sam-
ples are collected in all seasons for all pollutants, except O3 and SO2, where samples are collected in the 
summer and winter seasons, respectively.

The original 150 monitoring sites were selected to ensure that the range of traffic conditions, size and 
number of buildings, and land uses in NYC were adequately included while providing a balance in 
spatial coverage throughout the city. To do this, a digital map of the 
city was divided into a grid of more than 7,500 squares, each 300 
by 300 meters (m), and each square was classified based on its 
traffic and building density. A random selection of squares was then 
drawn from this set, with high building and traffic density areas 
having an increased chance of selection as these areas are con-
centrated in a relatively small area of the city. This random site 
selection was used to locate 80% of the sampling sites. The re-
maining 20% of sites were selected in places with large remaining 
gaps in coverage from the random selection or near areas of 
interest, such as high traffic areas, transportation facilities, or major 
ongoing construction. 

Each NYCCAS site is monitored for a two-week period in each 
season. The schedule of monitoring is assigned randomly so that 
the same number of sites across the city are monitored in each 
two-week period. In addition, ‘reference’ sites — centrally located 
and away from nearby traffic and commercial or industrial activities 
— are monitored during every two-week period, year round. Data 
from these ‘reference sites’ are used to adjust the measurements 
made at other sites for variation that occurs across the city over time, mainly due to weather conditions. 
For additional details on the 150 site selection methods, visit (NYCCAS First Winter Results, NYCCAS 
Design and Implementation).

After the first two years of the study, the number of sites was reduced to between 60 and 100 sites, 
depending on the year, because of budget constraints and to free up resources to measure other pol-
lutants and conduct additional air quality and health studies. The balance of source density and spatial 
density was preserved, through use of random selection methodologies similar to those described 

Figure 1: NYCCAS Monitor in the Field
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above. The patterns in air pollutant concentrations remained consistent year after year – areas of the city 
with higher concentrations tend to remain higher over time, while cleaner areas of the city remain clean-
er – due to major emissions sources such as buildings and traffic remaining in fixed locations. Because 
of this, NYCCAS is able to track the geographic pattern of air quality over time with fewer locations than 
in the original design. Currently, routine NYCCAS air sampling occurs once per season at 60 of the 
original 150 sites, known as the ‘core’ monitoring sites, and 30 additional locations which include 15 of 
the original 150 sites and 15 sites located in low income neighborhoods with previously lower monitoring 
density. The number of reference sites was reduced from five to three after the first four years.
NYCCAS sampling is conducted using monitoring units mounted on lamp-posts 10 to 12 feet off the 
ground. The monitors include an air pump and filters to collect PM2.5 while passive samplers mounted 
on the outside of unit absorb the gaseous pollutants NOx, SO2, and O3. Laboratory analysis of the filters 
and passive samplers determines the quantities of pollutants collected and their concentration in air is 
calculated. Quality control steps included confirming that the sampling pump was operating normally and 
collecting duplicate and unexposed samples for comparison with study samples.

NYCCAS data were analyzed using 
a “land-use regression” (LUR) model. 
LUR models estimate associations 
among pollution levels, average 
traffic, building emissions, land use, 
and other neighborhood factors 
around the monitoring sites. These 
associations were used to estimate 
the seasonal average air pollution 
levels at locations across the city, 
including locations where no mea-
surements were taken. The LUR 
model is also used to assess sourc-
es that appear to contribute most to 
differences in pollution concentra-
tions. For more details on the analy-
sis methods, please see the techni-
cal appendices and scientific 
manuscripts available at http://www.
nyc.gov/health/nyccas. 

The results of NYCCAS monitoring have been published in multiple public reports, scientific manuscripts, 
and periodic online data updates. All reports and DOHMH scientific studies are available on the NYC-
CAS website at nyc.gov/health/nyccas. All neighborhood-level data and detailed neighborhood air quali-
ty reports are available for download through the Department’s Environment & Health Data Portal.
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Figure 2: NYCCAS team member deploys a monitor in the field
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DATA SOURCES FOR EMISSIONS INDICATORS

Source Category Variables Examined (most calculated 
in buffers of 50 to 1,000 m) Data Source

Unweighted and kernel-weighted 
traffic density

New York Metropolitan Transportation Council (NYMTC) traffic 
data, 2005; and U.S. Federal Highway Administration Highway 
Performance Monitoring System (HPMS) data, 2007

Road density Accident Location Information System (ALIS) road network data, 
2008

Kernel-weighed road density ALIS network data
Road density weighted by functional 
class

ALIS network; MPSI TrafficMetrixTM data, 1989-2006

Road density kernel-weighted by 
functional class

ALIS network; MPSI TrafficMetrixTM data

Traffic density weighted by relative 
emissions rates

NYMTC traffic data; emissions factors from Environmental 
Protection Agency's AP 42 database

Number of signaled intersections NYC Department of Transportation (DOT), 2008
Average daily traffic (ADT) on 
nearest major road

NYMTC traffic data

ADT/ Distance to nearest major road NYMTC traffic data

Location on a bus route NYC DOT
Distance to nearest road, by 
functional class

ALIS network; MPSI TrafficMetrixTM data

Unweighted traffic on designated 
truck routes

NYMTC traffic data

Unweighted density of truck routes NYMTC traffic data

Kernel-weighted density of truck 
routes

NYMTC traffic data

Distance to nearest truck route NYMTC traffic data
Trucks per day on nearest major 
road

NYMTC traffic data

Census population density U.S. Census Bureau 2000 data
LandScan daytime, nighttime 
population density

Oak Ridge National Laboratory LandScanTM data, 2006

Density of built space (building floor 
area)

NYC Department of City Planning Primary Land Use Tax Lot 
Output (PLUTO™) data, 2007

Density of residential units PLUTO™ data
Total residential, factory, garage 
floor area

PLUTO™ data

Estimated building boiler emissions 
for building heat and hot water

PLUTO™ data, EPA AP 42, NYC Department of Environmental 
Protection (NYC DEP) Registration and Certificate Permit Data, 
updated annually

Area of commercial floor area PLUTO™ data
Area of industry and manufacturing PLUTO™ data

Area of heavy manufacturing PLUTO™ data
Area of gas stations PLUTO™ data
Area of tree cover NYC Department of Parks and Recreation LiDAR data, 2010
Percent impervious surface United States Geological Survey, 2006
Dominant land use type PLUTO™ data

Truck/ Diesel-
Related Measures

Road-specific 
Measures

Cumulative Traffic 
Indicators

Built Space

Land Use

Population Metrics
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Source Category Variables Examined (most calculated 
in buffers of 50 to 1,000 m) Data Source

Number of DEC permitted 
combustion sources

NYS Department of Environmental Conservation (DEC) permit 
data, 2005

Number of DEP permitted 
combustion sources

NYC DEP permit data, 2008

Number of DOB permitted boilers NYC Department of Buildings (DOB) permit data, 2008
Number of permitted combustion 
sources by fuel type (oil 2, 4, 6, 
natural gas)

DEP permit data, updated every 6 months

Total BTU by fuel type (oil 2, 4, 6, 
natural gas)

DEP permit data

Average BTU by fuel type (oil 2, 4, 6, 
natural gas)

DEP permit data

Benchmarking Data NYC Mayor's Office of Sustainability Local Law 84 data
Number of bus depots NYC Department of Citywide Administrative Services (DCAS), 

2008
Minimum distance to bus depot, 
school bus depot

NYC DCAS; NYC Department of Education (DOE)

Number of school bus depots NYC DOE
Number of school buses at nearest 
depot

NYC DOE

Number of waste transfer stations NYC Department of Sanitation inspections
Minimum distance to waste transfer 
station, ferry terminal, water 
treatment facility

NYC DCAS

Distance to nearest port, airport NYC Office of Emergency Management

Distributed 
Facilities

Transportation 
Facilities

Permitted 
Emissions


