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1. Considerations for Data Users

Annual and monthly NO; estimates have been derived by applying year-specific adjustment factors
based on ratios derived from NO2 levels measured by National Air Pollution Surveillance (NAPS)
monitors to the results of a land use regression (LUR) model developed by Dr. Perry Hystad circa 2006

See the following s documents for more details on how annual estimates were made for years other
than 2006:

For 1984 to 2012: http://canue.ca/wp-content/uploads/2018/03/NO2-Supplementary-Methods-
Documentation.pdf

For 2013 to 2016:
https://www.canuedata.ca/docs/Annual_NO2_Supplementary_Methods_Documentation_2013 2016.p
df

This document details the process for producing year-specific monthly adjustment factors.

2. Establishing monthly trends in NO, concentrations over time

Measured NO; data from National Air Pollution Surveillance monitoring stations from 1985 to 2016
were analyzed by CANUE staff.

We first looked at monthly trends by station type, as defined by NAPS. These were calculated by
separating stations located in commercial/industrial , natural, regional and residential settings into
groups. We did not consider stations in proximity to point sources as these may not exhibit typical
trends, or several stations in very close proximity to major expressways as these may not be
representive of many other near road sites. The long-term monthly average and annual average was
calculated for each station, and the ratio of the monthly average/annual average produced (Figure 1).
The temporal pattern and magnitude of the ratios were very similar between stations in commercial-
industrial, natural, and residential settings. Regional stations, which are sited away from major
influences on NO; levels, showed the most variation month-to-month, but also had the lowest
measured levels and therefore more extreme ratios will have lower impact on the adjusted
concentration estimates.
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Figure 1. Long-term Monthly Ratios by Station Type.

CANADIAN URBAN ENVIRONMENTAL HEALTH RESEARCH CONSORTIUM 2|Page



A
"ll"’ Monthly NO; Supplementary Methods Documentation

April 2020
CANUE

Next, we looked at the trend in monthly ratios over time. Figure 2a and 2b show slightly decreasing
trends in monthly ratios in warmer months, and relatively flat or slightly increasing trends in colder
months over time. For this reason, we concluded that year specific monthly ratios were necessary.
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Figure 2a. Trend in monthly ratios in warmer months
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Figure 2a. Trend in monthly ratios in colder months
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3. Calculating monthly factors

The monthly factors (ratios) were derived from National Air Pollution Surveillance monitoring stations
classified as population exposure and regional background.

For 1985 — 2012, CANUE Staff used the below equations to calculate monthly NO; factors for all NAPS
stations reporting a monthly average for at least 2 months in each quarter. First a monthly ratio was
derived for each NAPS station for year Y using equation (1). This resulted in 12 distinct monthly ratios for
year, Y, for station, x.

Average NO, level from NAPS stationx,for monthm,of year,Y

Monthly NO, ratioyy, =

Annual Average NO, level from NAPS station,x,for year, Y

All NAPS stations’ monthly NO; ratios from (i.e. the output from equation (1) ) were then averaged to
give a monthly NO; factor for the month of m during the year V.

Monthly NO, ratioyy 1+ Monthly NO, ratiomy xn

Monthly NO, factor ,,y = (2)

number of NAPS stations

Where x1 -> xn represents different NAPS stations.

When the data were updated for 2013 — 2016, a different method was employed, with the NAPS
stations monthly concentrations being averaged first, and the ratio of the month to annual
concencentrations being derived after. No missing data threshold was applied. See Table 1 for the final
monthly NO; factors derived from 1984 to 2016.

Table 2 and Figure 3 provide a comparison of the ratios for three years when both methods were

applied to the NAPS data. In general, the seasonal patterns of the ratios using either method are very
similar. The largest differences are observed for 2013, particularly in January — April. Table 3 gives the
estimated NO; (ppb) for quartile breaks in the distribution of estimated NO; in January of 2013, based
on the application of the January ratios to the annual estaimted NO; for all postal codes (n = 843,072).

These different averaging methods produce slightly different ratios, however, the differences in the NO,
estimations after application of the ratios is minimal, especially when the annual NO; estimates are low.
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Table 1. Monthly NO, factors derived from 1984 to 2016.

Jan Feb Mar | Apr May | Jun Jul Aug Sep Oct Nov Dec

1985 |1.19 | 128 |1.06 |1.06 |(094 |08 084 |087 |091 |099 |0.97 |1.18

1986 | 1.16 |1.20 |113 |09 |092 |08 |0.78 (092 |091 |1.03 |1.04 |1.09

1987 |1.18 |126 |1.17 |0.99 (097 |0.87 (080 |075 |0.88 |1.06 |1.03 | 1.07

1988 | 1.17 |1.22 |109 |09 |097 |[0.82 |09 |084 |088 |093 |1.06 |1.12

1989 | 1.10 |1.16 | 1.19 103 |098 |087 |08 |084 |088 |1.04 |092 |1.15

1990 |1.19 |122 (122 |103 |09 |0.82 078 |087 |093 |09 |1.05 |1.08

1991 | 1.29 |1.19 | 1.13 105 |095 |082 |0.76 |0.79 |O0.85 1.04 |1.04 |111

1992 | 1.18 | 125 |1.19 |09 |095 |08 |0.76 |081 |0.87 |099 |1.02 |1.17

1993 | 126 |1.23 |130 |101 (088 |0.78 |068 |[0.83 |09 |101 |1.02 |1.14

1994 | 1.12 125 |123 |098 (091 |08 |082 |084 |090 |1.00 |0.98 |1.18

1995 | 1.27 |120 |1.17 |091 (092 |090 |079 |0.74 |094 |093 |1.09 |1.15

1996 | 130 |130 |116 |088 |088 |08 |0.77 |087 |083 |093 |1.11 |1.15

1997 |1.24 (132 |116 |101 (084 |0.81 |073 |081 |0.83 |09 |1.10 |1.20

1998 | 1.28 |131 |116 |099 |088 |0.78 |0.77 |[0.89 |09 |092 |0.99 |1.09

1999 132 (132 (115 |091 |08 |0.77 (072 |0.77 |095 |1.00 |1.13 |1.20

2000 | 132 (145 |111 |088 |082 |0.76 |067 |0.72 |084 |103 |1.12 |1.30

2001 (150 (137 |115 |09 |(080 |0.72 (067 |073 |0.78 |[096 |1.11 |1.25

2002 {129 |129 |115 |0S97 |079 |0.84 |0.72 |081 |08 |095 |1.12 |1.23

2003 |134 (137 |117 (088 |0.77 |0.75 (071 |0.76 |084 |[0.93 |1.20 |1.33

2004 (123 | 157 |119 |0S93 (078 |0.75 |0.72 |0.74 |0.79 |096 |1.15 |1.23

2005 | 145 (168 |116 |088 |0.77 |0.70 (063 |0.69 |0.77 |095 |1.07 |1.28

2006 (142 |130 |118 |091 (082 |0.70 |0.67 |0.72 |0.83 |093 |1.21 |1.37

2007 (143 |143 |120 |082 (082 |071 |0.69 |067 |0.76 |0.98 |1.14 |1.44

2008 | 157 (157 |115 (090 |[0.72 |0.68 |064 |067 |082 |097 |1.12 |1.25

2009 (159 |150 |[119 |08 |069 |0.71 |0.69 |0.71 |0.78 |0.86 |1.22 |1.39

2010 | 151 (142 |116 | 083 |0.77 |0.68 |066 |0.74 |0.74 |093 |1.26 |1.38

2011 | 150 |147 |122 |089 |075 |066 |0.65 |0.70 |0.85 |0.94 |1.21 |1.28

2012 |132 (141 |106 (078 |0.75 |065 |066 |0.76 |087 |[091 |1.38 |1.52

2013 | 176 |163 |144 | 094 |080 |0.68 |066 |0.69 |078 |103 |1.22 |1.40

2014 (151 |165 |129 |093 073 |067 |0.60 |064 |0.73 |0.87 |1.10 |1.36

2015 | 162 (148 |122 |084 |078 |0.70 (067 |0.65 |080 |096 |1.19 |1.28

2016 [ 152 |136 |116 |083 |0.78 |066 |0.62 |069 |0.79 |094 |1.18 | 1.53
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Table 2. Comparison of monthly NO; factors using each method
(Method A = average of monthly ratios Method B = ratio of averaged NO2 concentration)

2013 J F M A M J J A S o) N D
Method A 155 14 114 079 073 063 066 07 078 098 122 145
Method B 176 163 144 094 080 068 066 069 078 1.03 122 1.40
Difference 021 -023 -03 -0.15 -0.07 -0.05 0 001 0 -0.05 0 005
2014 J F M A M J J A S o) N D
Method A 146 154 119 084 073 068 068 072 079 09 115 139
Method B 151 165 129 093 073 067 060 064 073 087 110 136
Difference 0.05 -0.11 -0.1 -0.09 0 001 008 008 006 003 005 003
2015 J F M A M J J A S o) N D
Method A 157 144 119 086 077 071 069 066 075 093 12 131
Method B 162 148 122 084 078 07 067 065 08 096 119 128
Difference 0.05 -0.04 -0.03 002 -001 001 002 001 -005 -003 001 003
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Figure 3. Comparison of final monthly ratios for 2013, 2014 and 2015 using each method

(Method A = average of monthly ratios Method B = ratio of averaged NO2 concentration)

Table 3. Distribution of estimated NO, (ppb) for January 2013 using each method

Method A
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Minimum

25% percentile 50t percentile 75% percentile

Maximum

0 7.2 12.1 19.2
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Method B 0 8.2 13.7 21.8 77.9
4. Applying the monthly factors

CANUE staff applied the monthly factors to the annual estimates for year, Y,to produce estimates of
monthly average NO, (ppb) for every single-link DMTI Spatial Inc postal code location in use between
1984 and 2016,using equation (3)

Monthly NO, estimate = Monthly NO, factor .,y x Annual NO, estimate for year,Y (3)

This resulted in 12 monthly files containing NOz estimates for each year, and 384 monthly files for 1984
to 2016.
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