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Supplemental Table S1. Literature search terms to capture NO2 and SO2 references.
	Pollutant
	PubMed
	Web of Science

	NO2
	("NOx"[tw]  OR "NO(x)"[tiab]  OR "NOy"[tiab] OR "NO(y)"[tiab] OR "NOz"[tiab] OR "NO(z)"[tiab] OR "NO2"[tw] OR "NO(2)"[tiab] OR "nitrogen oxide" OR "nitrogen oxides" OR "oxide of nitrogen" OR  "nitrogen dioxide" OR "nitrogen dioxides" OR "nitrogen peroxide" OR "nitric oxide" OR  "nitric oxides" OR "nitrogen monoxide" OR  11104-93-1 OR 10102-44-0 OR 10102-43-9)
	(TS="NOx"  OR TS="NO(x)" OR TS="NOy" OR TS="NO(y)" OR TS="NOz" OR TS="NO(z)" OR TS="NO2" OR TS="NO(2)" OR TS="nitrogen oxide" OR TS="nitrogen oxides" OR TS="oxide of nitrogen" OR TS="oxides of nitrogen" OR  TS="nitrogen dioxide" OR TS="nitrogen dioxides" OR TS="nitrogen peroxide" OR TS="nitrogen peroxides" OR TS="nitric oxide" OR TS="nitric oxides" OR TS="nitrogen monoxide" OR TS="nitrogen monoxides")

	PM
	(particulate OR particulates OR particle OR particles OR "pm"[tiab] OR "pm10"[tw] OR "pm(10)"[tw] OR "pm2.5"[tw] OR "pm(2.5)"[tw] OR "pm1"[tw] OR "pm(1)"[tw] OR "pm0.1"[tw] OR "pm(0.1)"[tw] OR "pmfine"[tw] OR "pmcourse" OR "sulfate" OR "sulfates" OR "sulphate" OR "sulphates" OR "nitrate" OR "nitrates" OR "bsp"[tiab] OR "black smoke" OR "british smoke" OR "bs"[tiab] OR "tsp"[tiab] OR "black carbon" OR "bc"[tiab] OR "elemental carbon" OR "ec"[tiab] OR "organic carbon" OR "oc"[tiab] OR "ultrafine" OR "ufp"[tiab] OR "ufps"[tiab] OR "aerosol"[tw] OR "aerosols"[tw] OR diesel OR soot OR "carbon black" OR "acetylene black" OR "channel black" OR "lamp black" OR lampblack OR 1333-86-4)
	(TS="particulate" OR TS="particulates" OR TS="particle" OR TS="particles" OR TS="pm" OR TS="pm10" OR TS="pm(10)" OR TS="pm2.5" OR TS="pm(2.5)" OR TS="pm1" OR TS="pm(1)" OR TS="pm0.1" OR TS="pm(0.1)" OR TS="pmfine" OR TS="pmcourse" OR TS="sulfate" OR TS="sulfates" OR TS="sulphate" OR TS="sulphates" OR TS="nitrate" OR TS="nitrates" OR TS="bsp" OR TS="black smoke" OR TS="british smoke" OR TS="bs" OR TS="tsp" OR TS="black carbon" OR TS="bc" OR TS="elemental carbon" OR TS="ec" OR TS="organic carbon" OR TS="oc" OR TS="ultrafine" OR TS="ufp" OR TS="ufps" OR TS="aerosol" OR TS="aerosols" OR TS=" diesel" OR TS="soot" OR TS="carbon black" OR TS="acetylene black" OR TS="channel black" OR TS="lamp black" OR TS="lampblack" OR TS="furnace black" OR TS="gas black" OR TS="thermal black")

	SO2
	("SOx"[tiab] OR "SO(x)"[tiab] OR "SO2"[tw] OR "SO(2)"[tiab] OR "sulfur oxide" OR  "sulphur oxide" OR "sulfur oxides" OR "sulphur oxides" OR "sulfur dioxide" OR "sulphur dioxide" OR "sulfur dioxides" OR "sulfurous anhydride" OR "sulphurous anhydride" OR "sulfurous anhydrides" OR "sulphurous anhydrides" OR 12624-32-7 OR 7446-09-5)
	(TS="SOx" OR TS="SO(x)" OR TS="SO2" OR TS="SO(2)" OR TS="sulfur oxide" OR  TS="sulphur oxide" OR TS="sulfur oxides" OR TS="sulphur oxides" OR TS="oxide of sulfur" OR TS="oxide of sulphur" OR TS="oxides of sulfur" OR TS="oxides of sulphur" OR TS="sulfur dioxide" OR TS="sulphur dioxide" OR TS="sulfur dioxides" OR TS="sulphur dioxides" OR TS="sulfurous anhydride" OR TS="sulphurous anhydride" OR TS="sulfurous anhydrides"  OR TS="sulphurous anhydrides" OR TS="sulfurous oxide" OR TS="sulphurous oxide" OR TS="sulfurous oxides" OR TS="sulphurous oxides")

	Note: PubMed search tags: text word [tw] and title abstract [tiab]. [tw] activated searches under title, abstract, MeSH headings and subheadings, and subject fields. [tiab] was used to search only the title and abstract for the case where an abbreviation may have produced an erroneous result. Web of Science search tag: topic search TS included title, abstract, author keyword, and Keywords Plus® fields.
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Supplemental Table S2. Exposure measurement error studies in which health effect estimate biases were quantified, from this review. Values in italics are not reported and so are derived from reported RR.
	Reference
	Calculation of Exposure Measurement Error
	Pollutant Metric
	Standardization
	Bias in  per unit
	Coverage Probabilitya
	Comments

	Community Time-Series Studies

	{Goldman, 2011, 783954@@author-year}

	Central site monitor data was modeled with error added over space; either classical or Berkson error was added.

Point of reference: central site monitor
	NO2 (daily 1-hr max)
	Unit

	-0.92
	NR
	Classical error added

	
	
	
	
	0.31
	NR
	Berkson error added

	
	
	NOX (daily 1-hr max)
	Unit
	-0.83
	NR
	Classical error added

	
	
	
	
	0.21
	NR
	Berkson error added

	
	
	SO2 (daily 1-hr max)
	Unit
	-0.92
	NR
	Classical error added

	
	
	
	
	0.31
	NR
	Berkson error added

	
	
	PM10 (24-hr)
	Unit
	-0.55
	NR
	Classical error added

	
	
	
	
	0.093
	NR
	Berkson error added

	
	
	PM2.5 (24-hr)
	Unit
	-0.32
	NR
	Classical error added

	
	
	
	
	0.036
	NR
	Berkson error added

	
	
	PM2.5-SO42- (24-hr)
	Unit
	-0.23
	NR
	Classical error added

	
	
	
	
	0.029
	NR
	Berkson error added

	
	
	PM2.5-NO3- (24-hr)
	Unit
	-0.43
	NR
	Classical error added

	
	
	
	
	0.057
	NR
	Berkson error added

	
	
	PM2.5-NH4+ (24-hr)
	Unit
	-0.45
	NR
	Classical error added

	
	
	
	
	0.064
	NR
	Berkson error added

	
	
	PM2.5-EC (24-hr)
	Unit
	-0.77
	NR
	Classical error added

	
	
	
	
	0.19
	NR
	Berkson error added

	
	
	PM2.5-OC (24-hr)
	Unit
	-0.51
	NR
	Classical error added

	
	
	
	
	0.079
	NR
	Berkson error added

	{Goldman, 2010, 836666@@author-year}
	Central site monitor data with error was added over space with and without 1-day and 2-day temporal autocorrelation terms and with collocated monitor to assess instrument error. 

Point of reference: central site monitor
	NO2 (daily 1-hr max)
	Unit
	-0.043
	NR
	Instrument error added

	
	
	
	
	-0.67
	NR
	Spatial error with autocorrelation added

	
	
	
	
	-0.68
	NR
	Spatial error without autocorrelation added

	
	
	NOX (daily 1-hr max)
	Unit
	-0.050
	NR
	Instrument error added

	
	
	
	
	-0.43
	NR
	Spatial error with autocorrelation added

	
	
	
	
	-0.47
	NR
	Spatial error without autocorrelation added

	
	
	SO2 (daily 1-hr max)
	Unit
	-0.050
	NR
	Instrument error added

	
	
	
	
	-0.67
	NR
	Spatial error with autocorrelation added

	
	
	
	
	-0.70
	NR
	Spatial error without autocorrelation added

	
	
	PM10 (24-hr)

	Unit
	-0.057
	NR
	Instrument error added

	
	
	
	
	-0.26
	NR
	Spatial error with autocorrelation added

	
	
	
	
	-0.29
	NR
	Spatial error without autocorrelation added

	
	
	PM2.5 (24-hr)
	Unit
	-0.0071
	NR
	Instrument error added

	
	
	
	
	-0.093
	NR
	Spatial error with autocorrelation added

	
	
	
	
	-0.11
	NR
	Spatial error without autocorrelation added

	
	
	PM2.5-SO42- (24-hr)
	Unit
	-0.036
	NR
	Instrument error added

	
	
	
	
	-0.13
	NR
	Spatial error with autocorrelation added

	
	
	
	
	-0.15
	NR
	Spatial error without autocorrelation added

	
	
	PM2.5-NO3- (24-hr)
	Unit
	0.021
	NR
	Instrument error added

	
	
	
	
	0.043
	NR
	Spatial error with autocorrelation added

	
	
	
	
	0.014
	NR
	Spatial error without autocorrelation added

	
	
	PM2.5-NH4+ (24-hr)
	Unit
	0.014
	NR
	Instrument error added

	
	
	
	
	-0.16
	NR
	Spatial error with autocorrelation added

	
	
	
	
	-0.19
	NR
	Spatial error without autocorrelation added

	
	
	PM2.5-EC (24-hr)
	Unit
	-0.036
	NR
	Instrument error added

	
	
	
	
	-0.43
	NR
	Spatial error with autocorrelation added

	
	
	
	
	-0.44
	NR
	Spatial error without autocorrelation added

	
	
	PM2.5-OC (24-hr)
	Unit
	-0.050
	NR
	Instrument error added

	
	
	
	
	-0.27
	NR
	Spatial error with autocorrelation added

	
	
	
	
	-0.30
	NR
	Spatial error without autocorrelation added

	{Goldman, 2012, 1502961@@author-year}b
	Compared data from a single central site monitor, unweighted average of monitors, population-weighted average of monitors, area-weighted average of monitors with a spatial model considered to yield the “true” concentration. 

Point of reference:  concentration model that included temporal autocorrelation, spatial autocorrelation, mean, standard deviation, seasonal trend, and day-of-week trend.
	NO2 (daily 1-hr max)
	Unit
	0.63
	NR
	Central site monitor

	
	
	
	
	0.26
	NR
	Unweighted average

	
	
	
	
	0.19
	NR
	Population-weighted average

	
	
	
	
	-0.067
	NR
	Area-weighted average

	
	
	NOX (daily 1-hr max)
	Unit
	0.71
	NR
	Central site monitor

	
	
	
	
	0.31
	NR
	Unweighted average

	
	
	
	
	0.036
	NR
	Population-weighted average

	
	
	
	
	-0.88
	NR
	Area-weighted average

	
	
	SO2 (daily 1-hr max)
	Unit
	0.77
	NR
	Central site monitor

	
	
	
	
	0.47
	NR
	Unweighted average

	
	
	
	
	0.39
	NR
	Population-weighted average

	
	
	
	
	0.16
	NR
	Area-weighted average

	
	
	PM10 (24-hr)

	Unit
	0.29
	NR
	Central site monitor

	
	
	
	
	0.095
	NR
	Unweighted NR average

	
	
	
	
	0.095
	NR
	Population-weighted average

	
	
	
	
	0.047
	NR
	Area-weighted average

	
	
	PM2.5 (24-hr)
	Unit
	0.21
	NR
	Central site monitor

	
	
	
	
	0.059
	NR
	Unweighted average

	
	
	
	
	0.063
	NR
	Population-weighted average

	
	
	
	
	0.059
	NR
	Area-weighted average

	
	
	PM2.5-SO42- (24-hr)
	Unit
	0.20
	NR
	Central site monitor

	
	
	
	
	0.039
	NR
	Unweighted average

	
	
	
	
	0.051
	NR
	Population-weighted average

	
	
	
	
	-0.036
	NR
	Area-weighted average

	
	
	PM2.5-NO3- (24-hr)
	Unit
	0.30
	NR
	Central site monitor

	
	
	
	
	0.063
	NR
	Unweighted average

	
	
	
	
	0.032
	NR
	Population-weighted average

	
	
	
	
	-0.083
	NR
	Area-weighted average

	
	
	PM2.5-NH4+ (24-hr)
	Unit
	0.19
	NR
	Central site monitor

	
	
	
	
	0.039
	NR
	Unweighted average

	
	
	
	
	0.043
	NR
	Population-weighted average

	
	
	
	
	-0.012
	NR
	Area-weighted average

	
	
	PM2.5-EC (24-hr)
	Unit
	0.56
	NR
	Central site monitor

	
	
	
	
	0.14
	NR
	Unweighted average

	
	
	
	
	0.063
	NR
	Population-weighted average

	
	
	
	
	-0.24
	NR
	Area-weighted average

	
	
	PM2.5-OC (24-hr)
	Unit
	0.38
	NR
	Central site monitor

	
	
	
	
	0.087
	NR
	Unweighted average

	
	
	
	
	0.079
	NR
	Population-weighted average

	
	
	
	
	0.051
	NR
	Area-weighted average

	{Strickland, 2013, 2520264@@author-year}
	Compared data from a single central site monitor, unweighted average of monitors, population-weighted average of monitors, area-weighted average of monitors with a spatial model considered to yield the “true” concentration.

Point of reference:  concentration model that included temporal autocorrelation, spatial autocorrelation, mean, standard deviation, seasonal trend, and day-of-week trend.
	NO2 (daily 1-hr max)
	Unit
	-0.632
	NR
	Central site monitor

	
	
	
	
	-0.197
	NR
	Population-weighted average

	
	
	
	
	-0.265
	NR
	Unweighted average

	
	
	
	
	0.0288
	NR
	Berkson error

	
	
	NOX (daily 1-hr max)
	Unit
	-0.698
	NR
	Central site monitor

	
	
	
	
	0.028
	NR
	Population-weighted average

	
	
	
	
	-0.265
	NR
	Unweighted average

	
	
	
	
	0.1232
	NR
	Berkson error

	
	
	SO2 (daily 1-hr max)
	Unit
	-0.703
	NR
	Central site monitor

	
	
	
	
	-0.226
	NR
	Population-weighted average

	
	
	
	
	-0.328
	NR
	Unweighted average

	
	
	
	
	0.2391
	NR
	Berkson error

	
	
	PM10 (24-hr)
	Unit
	-0.396
	NR
	Central site monitor

	
	
	
	
	-0.146
	NR
	Population-weighted average

	
	
	
	
	-0.137
	NR
	Unweighted average

	
	
	
	
	0.0007
	NR
	Berkson error

	
	
	PM2.5 (24-hr)
	Unit
	-0.313
	NR
	Central site monitor

	
	
	
	
	-0.081
	NR
	Population-weighted average

	
	
	
	
	-0.090
	NR
	Unweighted average

	
	
	
	
	0.0037
	NR
	Berkson error

	
	
	PM2.5-SO4 (24-hr)
	Unit
	-0.297
	NR
	Central site monitor

	
	
	
	
	-0.084
	NR
	Population-weighted average

	
	
	
	
	-0.048
	NR
	Unweighted average

	
	
	
	
	-0.0109
	NR
	Berkson error

	
	
	PM2.5-NO3 (24-hr)
	Unit
	-0.319
	NR
	Central site monitor

	
	
	
	
	-0.020
	NR
	Population-weighted average

	
	
	
	
	-0.052
	NR
	Unweighted average

	
	
	
	
	0.0167
	NR
	Berkson error

	
	
	PM2.5-NH4 (24-hr)
	Unit
	-0.266
	NR
	Central site monitor

	
	
	
	
	-0.057
	NR
	Population-weighted average

	
	
	
	
	-0.031
	NR
	Unweighted average

	
	
	
	
	0.0204
	NR
	Berkson error

	
	
	PM2.5-EC (24-hr)
	Unit
	-0.572
	NR
	Central site monitor

	
	
	
	
	-0.051
	NR
	Population-weighted average

	
	
	
	
	-0.128
	NR
	Unweighted average

	
	
	
	
	0.0486
	NR
	Berkson error

	
	
	PM2.5-OC (24-hr)
	Unit
	-0.418
	NR
	Central site monitor

	
	
	
	
	-0.091
	NR
	Population-weighted average

	
	
	
	
	-0.086
	NR
	Unweighted average

	
	
	
	
	0.0198
	NR
	Berkson error

	{Butland, 2013, 2232746@@author-year} 
	Monitoring data were input for a simulated time series across a 50 km x 50 km region split into four 25 km x 25 km zones. Each zone was then subdivided into cells numbering between 1 and 25 and compared to a simulated “true” time series. Additive errors are of a Berkson-like nature, while proportional errors are of a classical-like nature.
	NO2 (daily 1-hr max)
	10%
	-0.012
	78%
	Urban 1 grid additive error

	
	
	
	
	-0.0071
	91%
	Urban 2 grids additive error

	
	
	
	
	-0.0050
	93%
	Urban 3 grids additive error

	
	
	
	
	-0.0032
	94%
	Urban 5 grids additive error

	
	
	
	
	-0.0016
	95%
	Urban 10 grids additive error

	
	
	
	
	-0.00020
	95%
	Urban 25 grids additive error

	
	
	
	
	-0.016
	39%
	Rural 1 grid additive error

	
	
	
	
	-0.010
	76%
	Rural 2 grids additive error

	
	
	
	
	-0.0072
	86%
	Rural 3 grids additive error

	
	
	
	
	-0.0047
	93%
	Rural 5 grids additive error

	
	
	
	
	-0.0024
	95%
	Rural 10 grids additive error

	
	
	
	
	-0.0001
	94%
	Rural 25 grids additive error

	
	
	
	10 ppb
	-0.34
	86%
	Urban 1 grid proportional error

	
	
	
	
	-0.22
	91%
	Urban 2 grids proportional error

	
	
	
	
	-0.17
	93%
	Urban 3 grids proportional error

	
	
	
	
	-0.12
	94%
	Urban 5 grids proportional error

	
	
	
	
	-0.068
	95%
	Urban 10 grids proportional error

	
	
	
	
	-0.013
	95%
	Urban 25 grids proportional error

	
	
	
	
	-0.50
	86%
	Rural 1 grid proportional error

	
	
	
	
	-0.37
	92%
	Rural 2 grids proportional error

	
	
	
	
	-0.30
	93%
	Rural 3 grids proportional error

	
	
	
	
	-0.23
	93%
	Rural 5 grids proportional error

	
	
	
	
	-0.16
	94%
	Rural 10 grids proportional error

	
	
	
	
	-0.015
	95%
	Rural 25 grids proportional error

	{Dionisio, 2014, 2353702@@author-year}b
	Change in the effect estimate is estimated based on three sources of exposure error: spatial error (exposure based on central site monitor with reference of spatially refined air quality model with no time-activity data), time-activity error (exposure based on spatially refined air quality model without time-activity data with reference of spatially refined air quality model with time-activity data), and spatial and time-activity error combined (exposure based on central site monitor with reference of spatially refined air quality model with time-activity data). No values for  or RR were provided to estimate the other quantity. The authors assumed a classical error framework because the spatial treatment did was not the average across their spatial unit (zip code), but the authors acknowledge that error probably had classical-like and Berkson-like components.
	NOX (24-hr avg)
	Unit
	-0.55
	NR

	Spatial error, classical

	
	
	
	
	-0.90
	NR
	Time-activity error, classical

	
	
	
	
	-0.95
	NR
	Spatial + time-activity error, classical

	
	
	PM2.5 (24-hr avg)
	Unit
	-0.18
	NR
	Spatial error, classical

	
	
	
	
	-0.73
	NR
	Time-activity error, classical

	
	
	
	
	-0.79
	NR
	Spatial + time-activity error, classical

	
	
	PM2.5-SO42- (24-hr avg)
	Unit
	-0.13
	NR
	Spatial error, classical

	
	
	
	
	-0.48
	NR
	Time-activity error, classical

	
	
	
	
	-0.61
	NR
	Spatial + time-activity error, classical

	
	
	PM2.5-EC (24-hr avg)
	Unit
	-0.53
	NR
	Spatial error, classical

	
	
	
	
	-0.39
	NR
	Time-activity error, classical

	
	
	
	
	-0.82
	NR
	Spatial + time-activity error, classical

	{Szpiro, 2014, 24433
	Simulated bias in  when the outcome data follow seasonal trends not observed in the exposure data. The magnitude of the multiplier affected the amplitude of the periodic outcome data. The standard errors had a classical error structure.
	PM2.5 (24-hr avg)
	10 µg/m3

	0.37
	92%
	Temporal confounding with seasonal variation multiplier of α = 1, n = 300 population clusters

	
	
	
	
	3.58
	2.0%
	Temporal confounding with seasonal variation multiplier of α = 10, n = 300 population clusters

	
	
	
	
	7.15
	0%
	Temporal confounding with seasonal variation multiplier of α = 20, n = 300 population clusters

	
	
	
	
	10.71
	0%
	Temporal confounding with seasonal variation multiplier of α = 30, n = 300 population clusters

	
	
	
	
	0.36
	83%
	Temporal confounding with seasonal variation multiplier of α = 1, n = 1527 population clusters

	
	
	
	
	3.58
	0%
	Temporal confounding with seasonal variation multiplier of α = 10, n = 1527 population clusters

	
	
	
	
	7.15
	0%
	Temporal confounding with seasonal variation multiplier of α = 20, n = 1527 population clusters

	
	
	
	
	10.73
	0%
	Temporal confounding with seasonal variation multiplier of α = 30, n = 1527 population clusters

	{Sheppard, 2005, 79176@@author-year}
	Change in the effect estimate was simulated for different distributions of the exposure variable and different assumptions about the nonambient exposures, fraction of ambient concentration to which the individual is exposed, number of ambient concentration monitors used to estimate exposure, and number of people for which personal monitoring was performed. 
	PM2.5 (24-hr avg)
	Unit
	0.022
	93%
	Nonambient simulations: between-individual variance = 0, within-individual variance is N(0,107)

	
	
	
	
	-0.22
	95%
	Nonambient simulations: between-individual variance = 0, within-individual variance is N(0,161)

	
	
	
	
	-0.033
	95%
	Nonambient simulations: between-individual variance = 0, within-individual variance is LN(0,74)

	
	
	
	
	-0.011
	96%
	Nonambient simulations: between-individual variance = 0, within-individual variance is N(0,134)

	
	
	
	
	-0.011
	97%
	Nonambient simulations: between-individual variance is N(0,49), within-individual variance is N(0,68)

	
	
	
	
	-0.011
	95%
	Nonambient simulations: between-individual variance is N(0,49), within-individual variance is N(0,102)

	
	
	
	
	0.011
	95%
	Nonambient simulations: between-individual variance is N(0,74), within-individual variance is N(0,68)

	
	
	
	
	-0.011
	96%
	Nonambient simulations: between-individual variance is N(0,74), within-individual variance is N(0,102)

	
	
	
	
	-0.011
	95%
	Nonambient simulations: between-individual variance is LN(0,46), within-individual variance is N(0,68)

	
	
	
	
	-0.011
	96%
	Nonambient simulations: between-individual variance is LN(0,46), within-individual variance is N(0,101)

	
	
	
	
	-0.011
	96%
	Nonambient simulations: between-individual variance is LN(0,117), within-individual variance is N(0,68)

	
	
	
	
	0.011
	94%
	Nonambient simulations: between-individual variance is LN(0,117), within-individual variance is N(0,101)

	
	
	
	
	0.033
	95%
	Ambient exposure fraction simulations: U(0.15,0.85), no correlation with PM2.5 concentration

	
	
	
	
	0.011
	96%
	Ambient exposure fraction simulations: N(0.5,0.15), no correlation with PM2.5 concentration

	
	
	
	
	-0.077
	96%
	Ambient exposure fraction simulations: low ambient exposure fraction during winter, weak correlation between exposure factor and ambient concentration

	
	
	
	
	-0.187
	92%
	Ambient exposure fraction simulations: low ambient exposure fraction during winter, moderate correlation between exposure factor and ambient concentration

	
	
	
	
	-0.407
	80%
	Ambient exposure fraction simulations: low ambient exposure fraction during winter, strong correlation between exposure factor and ambient concentration

	
	
	
	
	0.132
	95%
	Ambient exposure fraction simulations: high ambient exposure fraction during winter, weak correlation between exposure factor and ambient concentration

	
	
	
	
	0.220
	89%
	Ambient exposure fraction simulations: high ambient exposure fraction during winter, moderate correlation between exposure factor and ambient concentration

	
	
	
	
	0.484
	65%
	Ambient exposure fraction simulations: high ambient exposure fraction during winter, strong correlation between exposure factor and ambient concentration

	
	
	
	
	-0.077
	94%
	Number of ambient monitors = 1

	
	
	
	
	-0.011
	93%
	Number of ambient monitors = 3

	
	
	
	
	0.011
	93%
	Number of ambient monitors = 10

	
	
	
	
	-0.901
	0%
	Number of personal exposure monitors = 1

	
	
	
	
	-0.758
	1%
	Number of personal exposure monitors = 3

	
	
	
	
	-0.473
	48%
	Number of personal exposure monitors = 10

	
	
	
	
	-0.154
	95%
	Number of personal exposure monitors = 50

	
	
	
	
	-0.066
	96%
	Number of personal exposure monitors = 100

	
	
	
	
	0.022
	96%
	Number of personal exposure monitors = 100,000

	{Alexeef, 2015, 2520054@@author-year}
	This study compares the effect estimate for models having different variables and spatial resolutions with a “true” exposure model, obtained using high spatial resolution satellite data.
	PM2.5 (24-hr avg)
	Unit
	0.020
	61.4%
	Linear regression, kriging, κ = 0.5 (rough), m = 100 monitors

	
	
	
	
	0.020
	61.8%
	Linear regression, kriging, κ = 2 (smooth), m = 100 monitors

	
	
	
	
	0.024
	41.8%
	Linear regression, kriging, κ = 0.5 (rough), m = 500 monitors

	
	
	
	
	0.023
	44.3%
	Linear regression, kriging, κ = 2 0.051(smooth), m = 500 monitors

	
	
	
	
	-0.549
	0.0%
	Linear regression, LUR with temporal weather covariates and spatial land use terms, κ = 0.5 (rough), m = 100 monitors

	
	
	
	
	-0.635
	0.0%
	Linear regression, LUR with temporal weather covariates and spatial land use terms, κ = 2 (smooth), m = 100 monitors

	
	
	
	
	-0.359
	0.0%
	Linear regression, LUR with temporal weather covariates and spatial land use terms, κ = 0.5 (rough), m = 500 monitors

	
	
	
	
	-0.396
	0.0%
	Linear regression, LUR with temporal weather covariates and spatial land use terms, κ = 2 (smooth), m = 500 monitors

	
	
	
	
	0.081
	0.8%
	Linear regression, LUR with near road terms, κ = 0.5 (rough), m = 100 monitors

	
	
	
	
	0.134
	0.4%
	Linear regression, LUR with near road terms, κ = 2 (smooth), m = 100 monitors

	
	
	
	
	0.021
	25.0%
	Linear regression, LUR with near road terms, κ = 0.5 (rough), m = 500 monitors

	
	
	
	
	0.038
	1.4%
	Linear regression, LUR with near road terms, κ = 2 (smooth), m = 500 monitors

	
	
	
	
	0.025
	27.8%
	Linear regression, LUR two-stage model, κ = 0.5 (rough), m = 100 monitors

	
	
	
	
	0.026
	25.6%
	Linear regression, LUR two-stage model, κ = 2 (smooth), m = 100 monitors

	
	
	
	
	0.016
	46.6%
	Linear regression, LUR two-stage model, κ = 0.5 (rough), m = 500 monitors

	
	
	
	
	0.016
	42.1%
	Linear regression, LUR two-stage model, κ = 2 (smooth), m = 500 monitors

	Long-term Studies

	{Alexeef, 2015, 2520054@@author-year}
	This study compares the effect estimate for models having different variables and spatial resolutions with a “true” exposure model, obtained using high spatial resolution satellite data.
	PM2.5 (32-day avg)
	Unit
	0.601
	31.1%
	Linear regression, kriging with constant mean, κ = 0.5 (rough), m = 100 monitors

	
	
	
	
	0.531
	32.5%
	Linear regression, kriging with constant mean, κ = 2 (smooth), m = 100 monitors

	
	
	
	
	0.239
	35.0%
	Linear regression, kriging with constant mean, κ = 0.5 (rough), m = 500 monitors

	
	
	
	
	0.220
	40.9%
	Linear regression, kriging with constant mean, κ = 2 (smooth), m = 500 monitors

	
	
	
	
	0.042
	43.2%
	Linear regression, kriging with daily mean then averaged, κ = 0.5 (rough), m = 100 monitors

	
	
	
	
	0.032
	45.0%
	Linear regression, kriging with daily mean then averaged, κ = 2 (smooth), m = 100 monitors

	
	
	
	
	-0.183
	28.2%
	Linear regression, kriging with daily mean then averaged, κ = 0.5 (rough), m = 500 monitors

	
	
	
	
	-0.191
	24.3%
	Linear regression, kriging with daily mean then averaged, κ = 2 (smooth), m = 500 monitors

	
	
	
	
	0.049
	47.7%
	Linear regression, LUR with near road terms, κ = 0.5 (rough), m = 100 monitors

	
	
	
	
	0.040
	48.0%
	Linear regression, LUR with near road terms, κ = 2 (smooth), m = 100 monitors

	
	
	
	
	0.013
	67.9%
	Linear regression, LUR with near road terms, κ = 0.5 (rough), m = 500 monitors

	
	
	
	
	0.012
	68.0%
	Linear regression, LUR with near road terms, κ = 2 (smooth), m = 500 monitors

	{Gryparis, 2009, 1255388@@author-year}
	Four different scenarios were modeled: a very smooth concentration surface, a moderately smooth concentration surface, a rough concentration surface, and a rough concentration surface in which there was no connection between exposure and health effect (there was an assumed relationship between exposure and health for the other three scenarios). Models are compared to a “true” exposure, and different approaches to modeling exposure were tested.
	Non-specific
	Unit
	0.000
	94.8%
	Very smooth concentration surface, true exposure

	
	
	
	
	0.004
	91.6%
	Very smooth concentration surface, smoothed prediction for exposure

	
	
	
	
	-0.068
	91.2%
	Very smooth concentration surface, smoothed prediction for exposure with corrected variance

	
	
	
	
	0.006
	96.4%
	Very smooth concentration surface, out-of-sample regression calibration

	
	
	
	
	0.002
	92.8%
	Very smooth concentration surface, joint Bayesian model of exposure and health

	
	
	
	
	0.0
	93.2%
	Very smooth concentration surface, 2-stage Bayesian model of exposure and health

	
	
	
	
	0.002
	95.2%
	Moderately smooth concentration surface, true exposure

	
	
	
	
	-0.085
	69.8%
	Moderately smooth concentration surface, smoothed prediction for exposure

	
	
	
	
	-0.254
	42.2%
	Moderately smooth concentration surface, smoothed prediction for exposure with corrected variance

	
	
	
	
	0.036
	95.6%
	Moderately smooth concentration surface, out-of-sample regression calibration

	
	
	
	
	0.011
	86.4%
	Moderately smooth concentration surface, joint Bayesian model of exposure and health

	
	
	
	
	0.004
	83.8%
	Moderately smooth concentration surface, 2-stage Bayesian model of exposure and health

	
	
	
	
	0.004
	95.2%
	Rough concentration surface, true exposure

	
	
	
	
	-0.140
	63.4%
	Rough concentration surface, smoothed prediction for exposure

	
	
	
	
	-0.591
	0.4%
	Rough concentration surface, smoothed prediction for exposure with corrected variance

	
	
	
	
	0.039
	92.6%
	Rough concentration surface, out-of-sample regression calibration

	
	
	
	
	0.029
	93.0%
	Rough concentration surface, joint Bayesian model of exposure and health

	
	
	
	
	0.039
	90.8%
	Rough concentration surface, 2-stage Bayesian model of exposure and health

	
	
	
	
	0.003
	93.4%
	Rough concentration surface with no relation between exposure and health, true exposure

	
	
	
	
	0.001
	94.2%
	Rough concentration surface with no relation between exposure and health, smoothed prediction for exposure

	
	
	
	
	0.0
	98.8%
	Rough concentration surface with no relation between exposure and health, smoothed prediction for exposure with corrected variance

	
	
	
	
	0.001
	95.6%
	Rough concentration surface with no relation between exposure and health, out-of-sample regression calibration

	
	
	
	
	0.0
	94.0%
	Rough concentration surface with no relation between exposure and health, joint Bayesian model of exposure and health

	
	
	
	
	0.0
	94.4%
	Rough concentration surface with no relation between exposure and health, 2-stage Bayesian model of exposure and health

	{Hart, 2015, 3011396@@author-year}
	Effect estimates from a spatiotemporal model or nearest monitor were compared with effect estimates from a “true” exposure based on personal PM2.5 exposure concentration measurements
	PM2.5 (12-mo avg)
	10 µg/m3
	-0.073
	NR
	Concentration surface based on a spatiotemporal model

	
	
	
	
	-0.127
	NR
	Concentration assigned by nearest EPA monitor

	{Szpiro, 2011, 759873@@author-year}
	Simulations of air quality data (used as a surrogate for exposure) were performed with two or three geographic covariates. The exposure model with two geographic covariates was considered to be “misspecified”, and the exposure model with three geographic covariates was considered to be “correctly specified”. Bias in the health effect estimate was estimated for the misspecified and correctly specified model both compared with a simulated true population’s exposure. The third geographic covariate in the true model was given different levels of variability to represent less variable distribution of monitoring locations. This can be thought of as Berkson error, given that misspecification of the model would lead to higher or lower estimates compared with the truth.
	General
	Unit
	-0.0035
	45%
	Correctly specified model, true distribution of third covariate is N(0,1)

	
	
	
	
	-0.00050
	35%
	Misspecified model, true distribution of third covariate is N(0,1)

	
	
	
	
	-0.018
	26%
	Correctly specified model, true distribution of third covariate is N(0,0.1)

	
	
	
	
	0.0005
	46%
	Misspecified model, true distribution of third covariate is N(0,0.1)

	{Lee, 2015, 3023800@@author-year}
	Models were designed to test how preferential sampling impacts bias in the health effect estimate, where preferential sampling occurs when the locations of monitors is influenced by the spatial distribution of the data.
	PM2.5
	Unit
	0
	92%
	Complete spatial randomness, random error explains 20% of variability in exposure, 100 monitors

	
	
	
	
	0
	87%
	Preferential sampling with dependence between monitor locations and exposure and a high mean, random error explains 20% of variability in exposure, 100 monitors

	
	
	
	
	0.03
	61%
	Preferential sampling with dependence between monitor locations and exposure and a low mean, random error explains 20% of variability in exposure, 100 monitors

	
	
	
	
	0
	90%
	Preferential sampling with a Gaussian field to describe the spatial process, random error explains 20% of variability in exposure, 100 monitors

	
	
	
	
	0.01
	89%
	Complete spatial randomness, random error explains 50% of variability in exposure, 100 monitors

	
	
	
	
	0.02
	79%
	Preferential sampling with dependence between monitor locations and exposure and a high mean, random error explains 50% of variability in exposure, 100 monitors

	
	
	
	
	0.02
	52%
	Preferential sampling with dependence between monitor locations and exposure and a low mean, random error explains 50% of variability in exposure, 100 monitors

	
	
	
	
	0.01
	82%
	Preferential sampling with a Gaussian field to describe the spatial process, random error explains 50% of variability in exposure, 100 monitors

	
	
	
	
	0.02
	83%
	Complete spatial randomness, random error explains 91% of variability in exposure, 100 monitors

	
	
	
	
	0
	76%
	Preferential sampling with dependence between monitor locations and exposure and a high mean, random error explains 91% of variability in exposure, 100 monitors

	
	
	
	
	-0.19
	54%
	Preferential sampling with dependence between monitor locations and exposure and a low mean, random error explains 91% of variability in exposure, 100 monitors

	
	
	
	
	0.10
	77%
	Preferential sampling with a Gaussian field to describe the spatial process, random error explains 91% of variability in exposure, 100 monitors

	
	
	
	
	0.02
	85%
	Complete spatial randomness, random error explains 91% of variability in exposure with constant mean, 100 monitors

	
	
	
	
	0.16
	77%
	Preferential sampling with a Gaussian field to describe the spatial process, random error explains 91% of variability in exposure with constant mean, 100 monitors

	
	
	
	
	0.08
	77%
	Preferential sampling with a Gaussian field to describe the spatial process, random error explains 91% of variability in exposure with constant mean, 100 monitors at participant locations

	
	
	
	
	0.06
	84%
	Preferential sampling with a Gaussian field to describe the spatial process, random error explains 91% of variability in exposure with constant mean, 100 monitors at parameterized estimates

	
	
	
	
	0.01
	92%
	Complete spatial randomness, random error explains 91% of variability in exposure with constant mean, 300 monitors

	
	
	
	
	0.16
	73%
	Preferential sampling with a Gaussian field to describe the spatial process, random error explains 91% of variability in exposure with constant mean, 300 monitors

	
	
	
	
	0.13
	76%
	Preferential sampling with a Gaussian field to describe the spatial process, random error explains 91% of variability in exposure with constant mean, 300 monitors at participant locations

	
	
	
	
	0.03
	92%
	Preferential sampling with a Gaussian field to describe the spatial process, random error explains 91% of variability in exposure with constant mean, 300 monitors at parameterized estimates

	{Basagaña, 2013, 2336672@@author-year}
	LUR was used to simulate exposure surrogates for comparison to a “true” exposure based on an LUR model with five covariates. Simulations included 20 or 100 spatial covariates in the LUR model and 20, 40, or 80 measurement locations. Two sets of simulations were performed: 75% and 50% of variability in NO2 explained by the model.
	NO2 (time interval not specified)
	Unit
	0.09
	17%
	75% of variance explained, 5 covariates from “true” model, 20 monitoring sites

	
	
	
	
	0.04
	28%
	75% of variance explained, 5 covariates from “true” model, 40 monitoring sites

	
	
	
	
	0.01
	40%
	75% of variance explained, 5 covariates from “true” model, 80 monitoring sites

	
	
	
	
	0.34
	9%
	75% of variance explained, 20 LUR covariates, 20 monitoring sites

	
	
	
	
	0.19
	18%
	75% of variance explained, 20 LUR covariates, 40 monitoring sites

	
	
	
	
	0.10
	34%
	75% of variance explained, 20 LUR covariates, 80 monitoring sites

	
	
	
	
	0.57
	2%
	75% of variance explained, 100 LUR covariates, 20 monitoring sites

	
	
	
	
	0.32
	9%
	75% of variance explained, 100 LUR covariates, 20 monitoring sites

	
	
	
	
	0.14
	28%
	75% of variance explained, 100 LUR covariates, 20 monitoring sites

	
	
	
	
	0.26
	7%
	50% of variance explained, 5 covariates from “true” model, 20 monitoring sites

	
	
	
	
	0.11
	17%
	50% of variance explained, 5 covariates from “true” model, 40 monitoring sites

	
	
	
	
	0.05
	30%
	50% of variance explained, 5 covariates from “true” model, 80 monitoring sites

	
	
	
	
	0.51
	5%
	50% of variance explained, 20 LUR covariates, 20 monitoring sites

	
	
	
	
	0.30
	11%
	50% of variance explained, 20 LUR covariates, 40 monitoring sites

	
	
	
	
	0.20
	22%
	50% of variance explained, 20 LUR covariates, 80 monitoring sites

	
	
	
	
	0.77
	1%
	50% of variance explained, 100 LUR covariates, 20 monitoring sites

	
	
	
	
	0.54
	2%
	50% of variance explained, 100 LUR covariates, 20 monitoring sites

	
	
	
	
	0.32
	8%
	50% of variance explained, 100 LUR covariates, 20 monitoring sites

	{Szpiro, 2011, 2082565@@author-year}b
	Five methods for bias correction to address classical error were compared to each other and to model with no bias correction for a number of cases. For the first set of simulations, the model was considered correctly specified. Kriging was used to simulate the exposures with 100 or 2000 monitors. Simulations were performed for two cases: outcomes and exposures were uncorrelated, and outcomes and exposures were correlated. For the second set of simulations, the model was misspecified. Gaussian, spherical, and cubic variograms were used to assign the variance, and 2000 monitors were included in the simulations.
	General
	Unit
	0.0093
	95%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 100 monitoring locations, no bias correction

	
	
	
	
	0.0093
	95%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 100 monitoring locations, partial parametric bootstrap bias correction

	
	
	
	
	0
	96%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 100 monitoring locations, parameter bootstrap bias correction

	
	
	
	
	0.028
	98%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 100 monitoring locations, parametric bootstrap bias correction

	
	
	
	
	0.037
	95%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 100 monitoring locations, regression calibration bias correction

	
	
	
	
	0.034
	96%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 100 monitoring locations, maximum likelihood bias correction

	
	
	
	
	0.012
	95%
	Simulations with kriged exposures, exposures and outcomes correlated, correctly specified variance model, N = 100 monitoring locations, no bias correction

	
	
	
	
	0.012
	95%
	Simulations with kriged exposures, exposures and outcomes correlated, correctly specified variance model, N = 100 monitoring locations, partial parametric bootstrap bias correction

	
	
	
	
	0.0031
	96%
	Simulations with kriged exposures, exposures and outcomes correlated, correctly specified variance model, N = 100 monitoring locations, parameter bootstrap bias correction

	
	
	
	
	0.025
	94%
	Simulations with kriged exposures, exposures and outcomes correlated, correctly specified variance model, N = 100 monitoring locations, parametric bootstrap bias correction

	
	
	
	
	0.0062
	78%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 2000 monitoring locations, no bias correction

	
	
	
	
	0.0062
	91%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 2000 monitoring locations, partial parametric bootstrap bias correction

	
	
	
	
	-0.0031
	96%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 2000 monitoring locations, parameter bootstrap bias correction

	
	
	
	
	0.0062
	97%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 2000 monitoring locations, parametric bootstrap bias correction

	
	
	
	
	0.031
	93%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 2000 monitoring locations, regression calibration bias correction

	
	
	
	
	0
	96%
	Simulations with kriged exposures, exposures and outcomes uncorrelated, correctly specified variance model, N = 2000 monitoring locations, maximum likelihood bias correction

	
	
	
	
	0.0031
	94%
	Simulations with kriged exposures, exposures and outcomes correlated, correctly specified variance model, N = 2000 monitoring locations, no bias correction

	
	
	
	
	0.0031
	95%
	Simulations with kriged exposures, exposures and outcomes correlated, correctly specified variance model, N = 2000 monitoring locations, partial parametric bootstrap bias correction

	
	
	
	
	-0.031
	96%
	Simulations with kriged exposures, exposures and outcomes correlated, correctly specified variance model, N = 2000 monitoring locations, parameter bootstrap bias correction

	
	
	
	
	0.025
	97%
	Simulations with kriged exposures, exposures and outcomes correlated, correctly specified variance model, N = 2000 monitoring locations, parametric bootstrap bias correction

	
	
	
	
	0.040
	74%
	Simulations using a Gaussian variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, no bias correction

	
	
	
	
	0.040
	90%
	Simulations using a Gaussian variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, partial parametric bootstrap bias correction

	
	
	
	
	0.034
	95%
	Simulations using a Gaussian variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, parameter bootstrap bias correction

	
	
	
	
	0.037
	95%
	Simulations using a Gaussian variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, parametric bootstrap bias correction

	
	
	
	
	0.028
	95%
	Simulations using a Gaussian variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, regression calibration bias correction

	
	
	
	
	0.0062
	94%
	Simulations using a Gaussian variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, maximum likelihood bias correction

	
	
	
	
	0.025
	77%
	Simulations using a spherical variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, no bias correction

	
	
	
	
	0.025
	91%
	Simulations using a spherical variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, partial parametric bootstrap bias correction

	
	
	
	
	0.016
	96%
	Simulations using a spherical variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, parameter bootstrap bias correction

	
	
	
	
	0.022
	98%
	Simulations using a spherical variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, parametric bootstrap bias correction

	
	
	
	
	0.034
	95%
	Simulations using a spherical variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, regression calibration bias correction

	
	
	
	
	0
	96%
	Simulations using a spherical variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, maximum likelihood bias correction

	
	
	
	
	0.050
	71%
	Simulations using a cubic variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, no bias correction

	
	
	
	
	0.050
	88%
	Simulations using a cubic variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, partial parametric bootstrap bias correction

	
	
	
	
	0.040
	96%
	Simulations using a cubic variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, parameter bootstrap bias correction

	
	
	
	
	0.044
	94%
	Simulations using a cubic variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, parametric bootstrap bias correction

	
	
	
	
	0.028
	95%
	Simulations using a cubic variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, regression calibration bias correction

	
	
	
	
	0.0093
	96%
	Simulations using a cubic variogram model, exposures and outcomes uncorrelated, misspecified spatial variance model, N = 2000 monitoring locations, maximum likelihood bias correction

	{Szpiro, 2013, 2252101@@author-year}
	Two general scenarios and two NOX-specific scenarios from the MESA Air study of Baltimore were modeled using thin plate splines with 5 or 10 degrees of freedom. For the two general scenarios, the second had more spatial variability such that the 10 df model provided a better fit (R2 = 0.42 for 5 df and R2 = 0.59 for 10 df). The first scenario was fit well with 5 or 10 df (R2 = 0.75 and R2 = 0.79, respectively). In different simulations, the authors either applied no correction, bootstrap simulation of the standard error, bias correction, or bias correction with bootstrapped standard error. In the NOX-specific scenarios, LUR, 5-df thin plate cubic splines, and 10-df thin plate cubic splines were applied (R2 = 0.60, 0.68, and 0.41, respectively). The bias correction method addressed classical-like error in the data. The authors advise addressing Berkson-like error when designing the exposure assessment study.
	General
	Unit
	-0.027
	94%
	R2 = 0.75, 5 df, no correction, variance due to exposure = 200

	
	
	
	
	-0.027
	95%
	R2 = 0.75, 5 df, bootstrap standard error, variance due to exposure = 200

	
	
	
	
	-0.0090
	94%
	R2 = 0.75, 5 df, bias correction only, variance due to exposure = 200

	
	
	
	
	-0.0090
	95%
	R2 = 0.75, 5 df, bias correction and bootstrap, variance due to exposure = 200

	
	
	
	
	-0.039
	95%
	R2 = 0.79, 10 df, no correction, variance due to exposure = 200

	
	
	
	
	-0.039
	96%
	R2 = 0.79, 10 df, bootstrap standard error, variance due to exposure = 200

	
	
	
	
	-0.025
	94%
	R2 = 0.79, 10 df, bias correction only, variance due to exposure = 200

	
	
	
	
	-0.025
	97%
	R2 = 0.79, 10 df, bias correction and bootstrap, variance due to exposure = 200

	
	
	
	
	-0.125
	94%
	R2 = 0.42, 5 df, no correction, variance due to exposure = 200

	
	
	
	
	-0.125
	95%
	R2 = 0.42, 5 df, bootstrap standard error, variance due to exposure = 200

	
	
	
	
	-0.049
	93%
	R2 = 0.42, 5 df, bias correction only, variance due to exposure = 200

	
	
	
	
	-0.049
	95%
	R2 = 0.42, 5 df, bias correction and bootstrap, variance due to exposure = 200

	
	
	
	
	-0.102
	93%
	R2 = 0.59, 10 df, no correction, variance due to exposure = 200

	
	
	
	
	-0.102
	94%
	R2 = 0.59, 10 df, bootstrap standard error, variance due to exposure = 200

	
	
	
	
	-0.061
	92%
	R2 = 0.59, 10 df, bias correction only, variance due to exposure = 200

	
	
	
	
	-0.061
	95%
	R2 = 0.59, 10 df, bias correction and bootstrap, variance due to exposure = 200

	
	
	
	
	-0.027
	93%
	R2 = 0.75, 5 df, no correction, variance due to exposure = 10

	
	
	
	
	-0.027
	95%
	R2 = 0.75, 5 df, bootstrap standard error, variance due to exposure = 10

	
	
	
	
	-0.0090
	93%
	R2 = 0.75, 5 df, bias correction only, variance due to exposure = 10

	
	
	
	
	-0.0090
	96%
	R2 = 0.75, 5 df, bias correction and bootstrap, variance due to exposure = 10

	
	
	
	
	-0.039
	93%
	R2 = 0.79, 10 df, no correction, variance due to exposure = 10

	
	
	
	
	-0.039
	98%
	R2 = 0.79, 10 df, bootstrap standard error, variance due to exposure = 10

	
	
	
	
	-0.025
	93%
	R2 = 0.79, 10 df, bias correction only, variance due to exposure = 10

	
	
	
	
	-0.025
	99%
	R2 = 0.79, 10 df, bias correction and bootstrap, variance due to exposure = 10

	
	
	
	
	-0.125
	87%
	R2 = 0.42, 5 df, no correction, variance due to exposure = 10

	
	
	
	
	-0.125
	90%
	R2 = 0.42, 5 df, bootstrap standard error, variance due to exposure = 10

	
	
	
	
	-0.049
	86%
	R2 = 0.42, 5 df, bias correction only, variance due to exposure = 10

	
	
	
	
	-0.049
	94%
	R2 = 0.42, 5 df, bias correction and bootstrap, variance due to exposure = 10

	
	
	
	
	-0.102
	88%
	R2 = 0.59, 10 df, no correction, variance due to exposure = 10

	
	
	
	
	-0.102
	94%
	R2 = 0.59, 10 df, bootstrap standard error, variance due to exposure = 10

	
	
	
	
	-0.061
	88%
	R2 = 0.59, 10 df, bias correction only, variance due to exposure = 10

	
	
	
	
	-0.061
	97%
	R2 = 0.59, 10 df, bias correction and bootstrap, variance due to exposure = 10

	
	
	NOX (2-week)
	10 ppb
	-0.057
	NR
	R2 = 0.60, LUR, no correction, assume true β = 0.7

	
	
	
	
	-0.057
	NR
	R2 = 0.60, LUR, bootstrap standard error, assume true β = 0.7

	
	
	
	
	-0.029
	NR
	R2 = 0.60, LUR, bias correction and bootstrap, assume true β = 0.7

	
	
	
	
	-0.029
	NR
	R2 = 0.68, 5 df, no correction, assume true β = 0.7

	
	
	
	
	-0.029
	NR
	R2 = 0.68, 5 df, bootstrap standard error, assume true β = 0.7

	
	
	
	
	-0.014
	NR
	R2 = 0.68, 5 df, bias correction and bootstrap, assume true β = 0.7

	
	
	
	
	0.13
	NR
	R2 = 0.41, 10 df, no correction, assume true β = 0.7

	
	
	
	
	0.13
	NR
	R2 = 0.41, 10 df, bootstrap standard error, assume true β = 0.7

	
	
	
	
	0.21
	NR
	R2 = 0.41, 10 df, bias correction and bootstrap, assume true β = 0.7

	{Bergen, 2015, 3024376@@author-year}b
	Bias was estimated with and without error correction Based on spatial interpolation model (low rank kriging (LRK) or thin plate regression splines (TPRS)) of the exposure concentration surface, bias was estimated with or without bias correction applied. Basis functions were used in the LRK and TPRS models to represent monitor locations (q = number of basis functions). Two scenarios were run: with and without covariates.  Bias was assumed to have Berkson-like and classical-like components. The simulations were run with different penalties for constraining the exposure model in the LRK or TPRS to correct for classical-like error since the {Szpiro, 2013, 2252101} bias correction scheme is not applicable in this case: no penalty, mean squared error (MSE), generalized cross-validation (GCV), and restricted maximum likelihood (REML). 
	PM2.5 (1-yr avg)
	10 µg/m3
	-0.14
	57%
	LRK, no covariates, no bias correction applied, no penalty, q = 10

	
	
	
	
	-0.17
	52%
	LRK, no covariates, no bias correction applied, no penalty, q = 15

	
	
	
	
	-0.21
	43%
	LRK, no covariates, no bias correction applied, no penalty, q = 20

	
	
	
	
	-0.27
	29%
	LRK, no covariates, no bias correction applied, no penalty, q = 25

	
	
	
	
	0.048
	70%
	LRK, no covariates, bias correction applied, no penalty, q = 10

	
	
	
	
	0.12
	61%
	LRK, no covariates, bias correction applied, no penalty, q = 15

	
	
	
	
	0.23
	52%
	LRK, no covariates, bias correction applied, no penalty, q = 20

	
	
	
	
	0.36
	29%
	LRK, no covariates, bias correction applied, no penalty, q = 25

	
	
	
	
	-0.075
	82%
	LRK, no covariates, no bias correction applied, GCV penalty, q = 10

	
	
	
	
	-0.075
	81%
	LRK, no covariates, no bias correction applied, GCV penalty, q = 15

	
	
	
	
	-0.076
	79%
	LRK, no covariates, no bias correction applied, GCV penalty, q = 20

	
	
	
	
	-0.066
	82%
	LRK, no covariates, no bias correction applied, GCV penalty, q = 25

	
	
	
	
	0.016
	84%
	LRK, no covariates, bias correction applied, GCV penalty, q = 10

	
	
	
	
	0.012
	84%
	LRK, no covariates, bias correction applied, GCV penalty, q = 15

	
	
	
	
	0.016
	84%
	LRK, no covariates, bias correction applied, GCV penalty, q = 20

	
	
	
	
	0.016
	84%
	LRK, no covariates, bias correction applied, GCV penalty, q = 25

	
	
	
	
	-0.055
	83%
	LRK, no covariates, no bias correction applied, REML penalty, q = 10

	
	
	
	
	-0.051
	85%
	LRK, no covariates, no bias correction applied, REML penalty, q = 15

	
	
	
	
	-0.049
	85%
	LRK, no covariates, no bias correction applied, REML penalty, q = 20

	
	
	
	
	-0.049
	85%
	LRK, no covariates, no bias correction applied, REML penalty, q = 25

	
	
	
	
	0.018
	84%
	LRK, no covariates, bias correction applied, REML penalty, q = 10

	
	
	
	
	0.016
	84%
	LRK, no covariates, bias correction applied, REML penalty, q = 15

	
	
	
	
	0.016
	85%
	LRK, no covariates, bias correction applied, REML penalty, q = 20

	
	
	
	
	0.016
	85%
	LRK, no covariates, bias correction applied, REML penalty, q = 25

	
	
	
	
	-0.022
	82%
	LRK, no covariates, no bias correction applied, MSE penalty, q = 10

	
	
	
	
	-0.016
	84%
	LRK, no covariates, no bias correction applied, MSE penalty, q = 15

	
	
	
	
	-0.016
	84%
	LRK, no covariates, no bias correction applied, MSE penalty, q = 20

	
	
	
	
	-0.014
	85%
	LRK, no covariates, no bias correction applied, MSE penalty, q = 25

	
	
	
	
	0.016
	85%
	LRK, no covariates, bias correction applied, MSE penalty, q = 10

	
	
	
	
	0.012
	85%
	LRK, no covariates, bias correction applied, MSE penalty, q = 15

	
	
	
	
	0.012
	85%
	LRK, no covariates, bias correction applied, MSE penalty, q = 20

	
	
	
	
	0.012
	85%
	LRK, no covariates, bias correction applied, MSE penalty, q = 25

	
	
	
	
	-0.24 
	66%
	LRK, covariates included, no bias correction applied, no penalty, q = 10

	
	
	
	
	-0.28 
	57%
	LRK, covariates included, no bias correction applied, no penalty, q = 15

	
	
	
	
	-0.34
	52%
	LRK, covariates included, no bias correction applied, no penalty, q = 20

	
	
	
	
	-0.41
	38%
	LRK, covariates included, no bias correction applied, no penalty, q = 25

	
	
	
	
	0.10
	66%
	LRK, covariates included, bias correction applied, no penalty, q = 10

	
	
	
	
	0.36
	43%
	LRK, covariates included, bias correction applied, no penalty, q = 15

	
	
	
	
	0.64
	52%
	LRK, covariates included, bias correction applied, no penalty, q = 20

	
	
	
	
	-0.22
	20%
	LRK, covariates included, bias correction applied, no penalty, q = 25

	
	
	
	
	-0.17
	84%
	LRK, covariates included, no bias correction applied, GCV penalty, q = 10

	
	
	
	
	-0.14
	82%
	LRK, covariates included, no bias correction applied, GCV penalty, q = 15

	
	
	
	
	-0.14
	82%
	LRK, covariates included, no bias correction applied, GCV penalty, q = 20

	
	
	
	
	-0.11
	84%
	LRK, covariates included, no bias correction applied, GCV penalty, q = 25

	
	
	
	
	0.029
	76%
	LRK, covariates included, bias correction applied, GCV penalty, q = 10

	
	
	
	
	0.029
	78%
	LRK, covariates included, bias correction applied, GCV penalty, q = 15

	
	
	
	
	0.029
	78%
	LRK, covariates included, bias correction applied, GCV penalty, q = 20

	
	
	
	
	0.029
	79%
	LRK, covariates included, bias correction applied, GCV penalty, q = 25

	
	
	
	
	-0.15
	85%
	LRK, covariates included, no bias correction applied, REML penalty, q = 10

	
	
	
	
	-0.11
	87%
	LRK, covariates included, no bias correction applied, REML penalty, q = 15

	
	
	
	
	-0.11
	85%
	LRK, covariates included, no bias correction applied, REML penalty, q = 20

	
	
	
	
	-0.097
	85%
	LRK, covariates included, no bias correction applied, REML penalty, q = 25

	
	
	
	
	0.039
	78%
	LRK, covariates included, bias correction applied, REML penalty, q = 10

	
	
	
	
	0.039
	79%
	LRK, covariates included, bias correction applied, REML penalty, q = 15

	
	
	
	
	0.039
	79%
	LRK, covariates included, bias correction applied, REML penalty, q = 20

	
	
	
	
	0.035
	81%
	LRK, covariates included, bias correction applied, REML penalty, q = 25

	
	
	
	
	-0.15
	87%
	LRK, covariates included, no bias correction applied, MSE penalty, q = 10

	
	
	
	
	-0.12
	87%
	LRK, covariates included, no bias correction applied, MSE penalty, q = 15

	
	
	
	
	-0.11
	87%
	LRK, covariates included, no bias correction applied, MSE penalty, q = 20

	
	
	
	
	-0.097
	87%
	LRK, covariates included, no bias correction applied, MSE penalty, q = 25

	
	
	
	
	0.019
	79%
	LRK, covariates included, bias correction applied, MSE penalty, q = 10

	
	
	
	
	0.012
	81%
	LRK, covariates included, bias correction applied, MSE penalty, q = 15

	
	
	
	
	0.010
	81%
	LRK, covariates included, bias correction applied, MSE penalty, q = 20

	
	
	
	
	0.0078
	81%
	LRK, covariates included, bias correction applied, MSE penalty, q = 25

	
	
	
	
	-0.13
	66%
	TPRS, no covariates, no bias correction applied, no penalty, q = 10

	
	
	
	
	-0.13
	66%
	TPRS, no covariates, no bias correction applied, no penalty, q = 15

	
	
	
	
	-0.15
	61%
	TPRS, no covariates, no bias correction applied, no penalty, q = 20

	
	
	
	
	-0.17
	52%
	TPRS, no covariates, no bias correction applied, no penalty, q = 25

	
	
	
	
	0.052
	75%
	TPRS, no covariates, bias correction applied, no penalty, q = 10

	
	
	
	
	0.093
	76%
	TPRS, no covariates, bias correction applied, no penalty, q = 15

	
	
	
	
	0.15
	66%
	TPRS, no covariates, bias correction applied, no penalty, q = 20

	
	
	
	
	0.27
	47%
	TPRS, no covariates, bias correction applied, no penalty, q = 25

	
	
	
	
	-0.11
	81%
	TPRS, no covariates, no bias correction applied, GCV penalty, q = 10

	
	
	
	
	-0.11
	82%
	TPRS, no covariates, no bias correction applied, GCV penalty, q = 15

	
	
	
	
	-0.11
	82%
	TPRS, no covariates, no bias correction applied, GCV penalty, q = 20

	
	
	
	
	-0.11
	82%
	TPRS, no covariates, no bias correction applied, GCV penalty, q = 25

	
	
	
	
	0.023
	79%
	TPRS, no covariates, bias correction applied, GCV penalty, q = 10

	
	
	
	
	0.039
	79%
	TPRS, no covariates, bias correction applied, GCV penalty, q = 15

	
	
	
	
	0.033
	79%
	TPRS, no covariates, bias correction applied, GCV penalty, q = 20

	
	
	
	
	0.033
	79%
	TPRS, no covariates, bias correction applied, GCV penalty, q = 25

	
	
	
	
	-0.071
	81%
	TPRS, no covariates, no bias correction applied, REML penalty, q = 10

	
	
	
	
	-0.064
	84%
	TPRS, no covariates, no bias correction applied, REML penalty, q = 15

	
	
	
	
	-0.064
	84%
	TPRS, no covariates, no bias correction applied, REML penalty, q = 20

	
	
	
	
	-0.064
	84%
	TPRS, no covariates, no bias correction applied, REML penalty, q = 25

	
	
	
	
	0.024
	79%
	TPRS, no covariates, bias correction applied, REML penalty, q = 10

	
	
	
	
	0.023
	79%
	TPRS, no covariates, bias correction applied, REML penalty, q = 15

	
	
	
	
	0.020
	79%
	TPRS, no covariates, bias correction applied, REML penalty, q = 20

	
	
	
	
	0.019
	79%
	TPRS, no covariates, bias correction applied, REML penalty, q = 25

	
	
	
	
	-0.034
	81%
	TPRS, no covariates, no bias correction applied, MSE penalty, q = 10

	
	
	
	
	-0.030
	84%
	TPRS, no covariates, no bias correction applied, MSE penalty, q = 15

	
	
	
	
	-0.032
	84%
	TPRS, no covariates, no bias correction applied, MSE penalty, q = 20

	
	
	
	
	-0.032
	84%
	TPRS, no covariates, no bias correction applied, MSE penalty, q = 25

	
	
	
	
	0.015
	83%
	TPRS, no covariates, bias correction applied, MSE penalty, q = 10

	
	
	
	
	0.012
	83%
	TPRS, no covariates, bias correction applied, MSE penalty, q = 15

	
	
	
	
	0.011
	83%
	TPRS, no covariates, bias correction applied, MSE penalty, q = 20

	
	
	
	
	0.0082
	81%
	TPRS, no covariates, bias correction applied, MSE penalty, q = 25

	
	
	
	
	-0.18
	70%
	TPRS, covariates included, no bias correction applied, no penalty, q = 10

	
	
	
	
	-0.20
	66%
	TPRS, covariates included, no bias correction applied, no penalty, q = 15

	
	
	
	
	-0.24
	61%
	TPRS, covariates included, no bias correction applied, no penalty, q = 20

	
	
	
	
	-0.28
	57%
	TPRS, covariates included, no bias correction applied, no penalty, q = 25

	
	
	
	
	0.12
	61%
	TPRS, covariates included, bias correction applied, no penalty, q = 10

	
	
	
	
	0.20
	66%
	TPRS, covariates included, bias correction applied, no penalty, q = 15

	
	
	
	
	0.35
	47%
	TPRS, covariates included, bias correction applied, no penalty, q = 20

	
	
	
	
	0.60
	38%
	TPRS, covariates included, bias correction applied, no penalty, q = 25

	
	
	
	
	-0.14
	79%
	TPRS, covariates included, no bias correction applied, GCV penalty, q = 10

	
	
	
	
	-0.11
	82%
	TPRS, covariates included, no bias correction applied, GCV penalty, q = 15

	
	
	
	
	-0.11
	81%
	TPRS, covariates included, no bias correction applied, GCV penalty, q = 20

	
	
	
	
	-0.11
	79%
	TPRS, covariates included, no bias correction applied, GCV penalty, q = 25

	
	
	
	
	0.040
	66%
	TPRS, covariates included, bias correction applied, GCV penalty, q = 10

	
	
	
	
	0.046
	71%
	TPRS, covariates included, bias correction applied, GCV penalty, q = 15

	
	
	
	
	0.038
	73%
	TPRS, covariates included, bias correction applied, GCV penalty, q = 20

	
	
	
	
	0.034
	73%
	TPRS, covariates included, bias correction applied, GCV penalty, q = 25

	
	
	
	
	-0.14
	79%
	TPRS, covariates included, no bias correction applied, REML penalty, q = 10

	
	
	
	
	-0.097
	84%
	TPRS, covariates included, no bias correction applied, REML penalty, q = 15

	
	
	
	
	-0.095
	83%
	TPRS, covariates included, no bias correction applied, REML penalty, q = 20

	
	
	
	
	-0.095
	81%
	TPRS, covariates included, no bias correction applied, REML penalty, q = 25

	
	
	
	
	0.048
	66%
	TPRS, covariates included, bias correction applied, REML penalty, q = 10

	
	
	
	
	0.046
	71%
	TPRS, covariates included, bias correction applied, REML penalty, q = 15

	
	
	
	
	0.038
	73%
	TPRS, covariates included, bias correction applied, REML penalty, q = 20

	
	
	
	
	0.028
	75%
	TPRS, covariates included, bias correction applied, REML penalty, q = 25

	
	
	
	
	-0.14
	82%
	TPRS, covariates included, no bias correction applied, MSE penalty, q = 10

	
	
	
	
	-0.11
	84%
	TPRS, covariates included, no bias correction applied, MSE penalty, q = 15

	
	
	
	
	-0.10
	84%
	TPRS, covariates included, no bias correction applied, MSE penalty, q = 20

	
	
	
	
	-0.10
	84%
	TPRS, covariates included, no bias correction applied, MSE penalty, q = 25

	
	
	
	
	0.018
	66%
	TPRS, covariates included, bias correction applied, MSE penalty, q = 10

	
	
	
	
	0.014
	73%
	TPRS, covariates included, bias correction applied, MSE penalty, q = 15

	
	
	
	
	0.0040
	75%
	TPRS, covariates included, bias correction applied, MSE penalty, q = 20

	
	
	
	
	-0.0040
	75%
	TPRS, covariates included, bias correction applied, MSE penalty, q = 25

	{Bergen, 2013, 1936018@@author-year}b
	Partial least squares (PLS) regression was used to model concentration surfaces of EC, OC, Si, and S in PM2.5 across the CONUS. PLS is similar to LUR but uses principal component groups in the model in lieu of individual variables. Bias was computed by comparing the effect estimate from no correction with the effect estimate when a correction is made. A bootstrap method was applied to correct for measurement error, which was thought to be Berkson-like.  
	PM2.5-EC
	Unit
	0.0053
	NR
	Bootstrap method applied with weighting to correct for Classical-like and Berkson-like error.

	
	
	PM2.5-OC
	Unit
	0.0012
	NR
	Bootstrap method applied with weighting to correct for Classical-like and Berkson-like error.

	
	
	PM2.5-Si
	Unit
	0.00046
	NR
	Bootstrap method applied with weighting to correct for Classical-like and Berkson-like error.

	
	
	PM2.5-S
	Unit
	0.0010
	NR
	Bootstrap method applied with weighting to correct for Classical-like and Berkson-like error.

	{Setton, 2011, 844301@@author-year}b
	LUR or inverse distance weighting were used to estimate a concentration field in Vancouver, British Columbia and Southern California. Individual time activity data were compiled to track location and time spent away from home. Bias was estimated from the difference between concentration at the location away from home and concentration at home.  Bias data were compiled for several durations away from home and distances away from home.
	NO2 (1-yr avg)
	Unit
	-0.011
	NR
	Spent 0-2 hr 5 km or more away from home

	
	
	
	
	-0.023
	NR
	Spent 0-2 hr 10 km or more away from home

	
	
	
	
	-0.030
	NR
	Spent 0-2 hr 20 km or more away from home

	
	
	
	
	-0.041
	NR
	Spent 0-2 hr 30 km or more away from home

	
	
	
	
	-0.051
	NR
	Spent 0-2 hr 40 km or more away from home

	
	
	
	
	-0.028
	NR
	Spent 2-4 hr 5 km or more away from home

	
	
	
	
	-0.051
	NR
	Spent 2-4 hr 10 km or more away from home

	
	
	
	
	-0.051
	NR
	Spent 2-4 hr 20 km or more away from home

	
	
	
	
	-0.081
	NR
	Spent 2-4 hr 30 km or more away from home

	
	
	
	
	-0.091
	NR
	Spent 2-4 hr 40 km or more away from home

	
	
	
	
	-0.041
	NR
	Spent 4-6 hr 5 km or more away from home

	
	
	
	
	-0.091
	NR
	Spent 4-6 hr 10 km or more away from home

	
	
	
	
	-0.10
	NR
	Spent 4-6 hr 20 km or more away from home

	
	
	
	
	-0.12
	NR
	Spent 4-6 hr 30 km or more away from home

	
	
	
	
	-0.17
	NR
	Spent 4-6 hr 40 km or more away from home

	
	
	
	
	-0.081
	NR
	Spent 6-8 hr 5 km or more away from home

	
	
	
	
	-0.14
	NR
	Spent 6-8 hr 10 km or more away from home

	
	
	
	
	-0.15
	NR
	Spent 6-8 hr 20 km or more away from home

	
	
	
	
	-0.21
	NR
	Spent 6-8 hr 30 km or more away from home

	
	
	
	
	-0.29
	NR
	Spent 6-8 hr 40 km or more away from home

	
	
	
	
	-0.10
	NR
	Spent 8-10 hr 5 km or more away from home

	
	
	
	
	-0.17
	NR
	Spent 8-10 hr 10 km or more away from home

	
	
	
	
	-0.19
	NR
	Spent 8-10 hr 20 km or more away from home

	
	
	
	
	-0.24
	NR
	Spent 8-10 hr 30 km or more away from home

	
	
	
	
	-0.26
	NR
	Spent 8-10 hr 40 km or more away from home

	
	
	
	
	-0.17
	NR
	Spent 10+ hr 5 km or more away from home

	
	
	
	
	-0.24
	NR
	Spent 10+ hr 10 km or more away from home

	
	
	
	
	-0.28
	NR
	Spent 10+ hr 20 km or more away from home

	
	
	
	
	-0.34
	NR
	Spent 10+ hr 30 km or more away from home

	
	
	
	
	-0.39
	NR
	Spent 10+ hr 40 km or more away from home

	{Sheppard, 2012, 2081549@@author-year}
	Bias is presented for a series of simulations that look at successively greater spatial correlation between monitors and study participants, using kriging and nearest monitor to estimate exposure; bias was computed by the authors as the difference between the health effect estimate for a true model and that from the kriged or nearest monitor model and then divided by the health effect estimate for the true exposure model to obtain a percentage.
	PM2.5
	10 µg/m3
	0.841
	3%
	Lowest dependence of monitor location on participant location (R2 = 0), nearest monitor

	
	
	
	
	0.860
	58%
	Lowest dependence of monitor location on participant location (R2 = 0), kriging

	
	
	
	
	0.267
	76%
	Lower dependence of monitor location on participant location (R2 = 0.20), nearest monitor

	
	
	
	
	0.047
	74%
	Lower dependence of monitor location on participant location (R2 = 0.20), kriging

	
	
	
	
	0.255
	87%
	Higher dependence of monitor location on participant location (R2 = 0.40), nearest monitor

	
	
	
	
	0.047
	89%
	Higher dependence of monitor location on participant location (R2 = 0.40), kriging

	
	
	
	
	0.0271
	85%
	Highest dependence of monitor location on participant location (R2 = 0.47), nearest monitor

	
	
	
	
	0
	92%
	Highest dependence of monitor location on participant location (R2 = 0.47), kriging

	{Kim, 2009, 188446@@author-year}
	Bias is presented for a series of simulations that look at successively greater spatial correlation between monitors and study participants, using kriging and nearest monitor to estimate exposure; bias was computed by the authors as the difference between the health effect estimate for a true model and that from the kriged or nearest monitor model and then divided by the health effect estimate for the true exposure model to obtain a percentage. 
	PM2.5
	10 µg/m3
	0.279
	83%
	True geographical characteristics, nearest monitor

	
	
	
	
	0
	93%
	True geographical characteristics, kriging

	
	
	
	
	1.00
	0%
	No spatial correlation, nearest monitor

	
	
	
	
	1.01
	51%
	No spatial correlation, kriging

	
	
	
	
	0.840
	2%
	Low spatial correlation, nearest monitor

	
	
	
	
	0.856
	54%
	Low spatial correlation, kriging

	
	
	
	
	0.271
	75%
	Medium spatial correlation, nearest monitor

	
	
	
	
	0
	71%
	Medium spatial correlation, kriging

	
	
	
	
	0.255
	85%
	High spatial correlation, nearest monitor

	
	
	
	
	0.047
	87%
	High spatial correlation, kriging

	
	
	
	
	0.263
	92%
	Highest spatial correlation, nearest monitor

	
	
	
	
	0
	95%
	Highest spatial correlation, kriging

	a Provided when available.
b Estimated from graphical data.



Supplemental Table S3. Summary statistics for bias of exposure estimates used in time-series epidemiologic studies.
	
	Instrument Error
	Model Misspecification
	Nonambient Sources
	Time-activity Error
	Spatial Error

	5%
	-0.057
	-0.40
	-0.033
	-0.90
	-0.55

	25%
	-0.050
	-0.17
	-0.017
	-0.76
	-0.20

	50%
	-0.040
	0.021
	-0.011
	-0.48
	-0.023

	75%
	-0.0071
	0.026
	0.017
	-0.15
	0.043

	95%
	0.021
	0.13
	0.033
	0.022
	0.39

	Mean
	-0.029
	-0.093
	0.0061
	-0.48
	-0.077

	Std. Dev.
	0.028
	0.24
	0.16
	0.34
	0.28

	N
	10
	16
	20
	11
	121




[bookmark: _GoBack]Supplemental Table S4. Summary statistics for bias of exposure estimates used in long-term exposure epidemiologic studies.
	
	Model Misspecification
	Time-activity Error
	Spatial Error

	5%
	-0.028
	-0.39
	-0.013

	25%
	-0.017
	-0.21
	0.00

	50%
	-0.011
	-0.11
	0.0040

	75%
	-0.0057
	-0.051
	0.032

	95%
	0.0053
	-0.011
	0.050

	Mean
	-0.017
	-0.14
	0.035

	Std. Dev.
	0.024
	0.10
	0.058

	N
	81
	30
	41
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