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Summary: 
  PM2.5 is strongly correlated
 with temperature, and
 anticorrelated with total
 precipitation and wind
 speed. 
  PM2.5 is correlated with
 relative humidity and cloud
 cover in the Midwest and
 Northeast, and
 anticorrelated elsewhere. 
  PM2.5 accumulation during
 anyticyclones (stagnation) is
 significant, as shown by
 height at 850 mb. 
  PM2.5 is strongly correlated
 with falling pressure, which
 occurs at the tail end of
 anticyclones or onset of
 cyclones.

Daily PM2.5 concentrations and meteorology
 data were deseasonalized by subtracting
 from them the 30-day moving averages to
 avoid any confounding effects due to
 seasonal covariance among variables. 

Figure 2: Correlation coefficients (r) between deseasonalized PM2.5 and
 meteorological variables. (>95% confidence; p-value < 0.05) 
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Independent 
Variable 

Meteorological Parameter a 

x1 Surface temperature (K) 
x2 Surface relative humidity (%) 
x3 Daily total precipitation (in/d) 
x4 Total cloud cover (%) 
x5 Geopotential height at 850 mb (m) 

x6 
Local rate of change of sea level pressure 
(dSLP/dt) (Pa/d) 

x7 
Surface wind speed (m/s), calculated 
from u and v wind vectors 

x8 E-W wind direction indicator (cosθ) b 
x9 N-S wind direction indicator (sinθ) b 

a.  Mainly from NCEP/NCAR Reanalysis 1: 2.5°×2.5° global
 coverage, daily mean from 1998 to 2008. 

b.  θ = angle of horizontal wind vector anticlockwise from east.

Measured daily concentrations (EPA AQS database) of total PM2.5 and its five
 individual components (ammonium, nitrate, sulfate, organic & elemental
 carbon) from 1998 to 2008 were interpolated into 2.5°×2.5° spatial grids using
 inverse distance weighting with a search distance of 500 km. 

Correlation coefficients between PM2.5
 concentrations and each meteorological
 variable were found for each spatial grid. 

Multivariate linear regression (MLR) was
 conducted stepwise to select only
 statistically significant variables from a set of
 nine meteorological variables plus
 interaction terms up to 3rd order: 
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yi = deseasonalized concentration of PM2.5

 or individual component at spatial grid i
xk,i = deseasonalized meteorological variable k
βk,i = MLR coefficient of variable k,

i.e. effects of variable k on PM2.5

MLR has the advantage of isolating the effects of day-to-day variation in one
 single meteorological variable on daily PM2.5, independent of other
 meteorological parameters. It avoids possible confounding effects among
 meteorological variables associated with correlation coefficients. 

Figure 1: Adjusted R2 for MLR model.   Meteorology explains ~50% of
 daily PM2.5 variability in the
 Northeast and Midwest. 

  Most individual MLR
 coefficients are very significant
 with p-value many orders of
 magnitude smaller than 0.05. 

  Most important meteorological variables to total PM2.5: 
 Temperature, precipitation, wind speed 

  Meteorological variables with effects displaying noticeable differences
 between individual components: 

 Temperature, relative humidity, wind direction 

  The patterns of correlation coefficients and MLR effects are similar for most
 meteorological variables except for relative humidity and cloud cover. 

Figure 3: Temperature effects (β1) on concentrations of total PM2.5 and
 individual components. (>95% confidence; p-value < 0.05) 

Sulfate: 
  Strong T effects in Midwest
 and Northeast displays
 strong correlation with air
 mass origin. 
  Effects are also due to
 increased SO2 oxidation rate
 at higher T. 

Figure 5: RH effects (β2) on concentrations of total PM2.5 and individual
 components. (>95% confidence; p-value < 0.05) 

Figure 6: Effects (vector sum of β8 & β9) of wind direction on concentrations
 of total PM2.5 and individual components. 

Organic Carbon: 
  Strong positive T effects
 may be due to correlation
 with air mass origin. 
  Effects are also due to: 

  Increased biogenic
 VOC emissions at higher
 T dominating over
 increased volatilization. 
  Association of high T
 days with fire-related
 activities. 

Nitrate: 
  Negative T effects in the South and Southeast are
 due to increased volatilization at higher T
 dominating over increased NOx oxidation rate.  
  Positive T effects elsewhere are due to: 

  Strong association with increased NH4
+

 availability arising from increased NH3 emission
 at higher T (see Fig.4). 
  Increased SO4

2- at higher T that shifts
 equilibrium favoring HNO3 uptake. 
  Increased background O3 leading to higher
 PM NO3

- via formation of N2O5 at night. 

  MLR strengthens PM correlation with RH but weakens that with total cloud 
cover, implying that RH is a better predictor for PM2.5 than cloud cover. 
  Differences in RH effects on different components imply that RH effects on total 
PM2.5 are not due to the origin of and covariance in air masses. 

Figure 4: Temperature
 effects on NO3

- with NH4
+

 as independent variable. 

Sulfate, Nitrate, Ammonium: 
  Positive RH effects are due to: 

  Increased uptake NH4NO3. 
  Increased in-cloud SO2
 oxidation. 

Organic Carbon: 
  Negative RH effects are due to: 

  Onshore flow bringing in
 marine air with low
 carbonaceous content. 
  Association of low RH days
 with fire-related activities. 
  Both effects dominate over
 increased uptake of organic
 components at higher RH. 

Sulfate: 
  There are strong localized
 sources in the Midwest
 industrial regions. 

Organic Carbon: 
  There are more distributed
 sources in the Southeast
 agricultural and forested
 regions. 

West Coast: 
  Offshore flow carries air
 with high OC and NO3

- from
 anthropogenic and natural
 (e.g. fires and biogenic
 emissions) land sources. 

  Total PM2.5 is strongly correlated with polluted southerly flow in Midwest and 
Northeast, and with offshore flow in the Southeast and West Coast. 

We present here a systematic analysis of the meteorological predictors of PM
 variability in the contiguous U.S. over a 11-year observational record. Studies
 that utilize chemical transport models (CTMs) driven by general circulation
 model (GCM) simulations of future climate to predict the impacts of climate
 change on particulate matter (PM) air quality have yielded very uncertain results,
 in part because of the complexity of dependence of different PM components on
 meteorology, and in part because important meteorological variables such as
 precipitation are not well represented in GCMs. The ability of a GCM to simulate
 present-day correlations of PM with meteorological variables is thus an important
 test of its potential to project the effects of climate change on PM. 

Meteorology is found to explain up to 50% daily PM variability and strongly affects 
daily PM2.5 concentrations in the contiguous U.S. Different PM components also 
respond differently to certain meteorological variables such as temperature, 
relative humidity and wind direction. Quantitative results from our MLR analysis 
serve as an important test for the ability of GCM/CTM studies to predict the effects 
of future climate change on PM quality. 
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