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• Dust is a significant source of particulate matter in the SW U.S. 
• Impacts  

• Air quality, visibility, and health 
• Ecology 
• Hydrology 
• Biogeochemistry 
• Heterogeneous chemistry 
• Indirect and direct impacts on climate  

• Understanding magnitude, seasonality, sources, transport, and 
trends in dust is important for designing strategies to reduce PM, 
forecasting, for resource management decisions, and to understand 
climate impacts 

March, 2012, El Paso, TX 
(PM10 > 5000 µg m-3) 

Motivation 

Photo by Joseph Rogash, NOAA-NWS,  
courtesy of Tom Gill, UTEP 



Dust sources over North America (Ginoux et al., 2012) 
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Southwest (SW) United States 

• SW: UT, AZ, CO, NM, WTX 
• Droughts (e.g., Cook et al., 2015; Prein et 

al., 2016) 

• Increased temperature 
(Weiss et al., 2009 Munson et al., 2011; Wang et 
al., 2011;) 

• ENSO and PDO impacts 
on drought- La Niña (Wang 
and Kumar, 2015; Barnston and Lyon, 2016) 

• Economic development 
(Theobald et al., 2013) 
 

Changes in climate and land use can lead to drier, less 
vegetated, and disturbed surfaces that may be more 
available for dust emission. 

Weiss et al., 2009 



This Study: 

Investigate changes in dust and meteorological 
parameters in the SW since 1995  



(1) Data:   IMPROVE 

Download data: http://views.cira.colostate.edu/fed/ 



Fine Dust = 2.20[Al] + 2.49[Si] + 1.63[Ca] + 2.42[Fe] + 1.94[Ti] 
 

(Malm et al., 1994) 

(2) Data:   IMPROVE, cont’d 

Download data: http://views.cira.colostate.edu/fed/ 

• Monthly mean dust trends using linear Theil regression 
(1995-2014) 
 

• Regional  mean: sites with continuous operation over 20 
years in UT, CO, AZ, NM, SW TX (15 sites) 



(3) Data:    IMPROVE, cont’d 

Advantages: 
Consistent methodology  
Appropriate for study of 
regional and long-range impacts 
 

Disadvantages: 
Sampling frequency (1/3 day) 
Definition/size: missing 
contributions to dust? 



(4) Data:      Meteorological variables (1995-2014) 
 

• Precipitation: PRISM 4km gridded- monthly total 
• Surface wind speed (2.5° x 2.5°) NCEP/NCAR reanalysis- 

monthly 
• Enhanced Vegetation Index (EVI) from MODIS (0.05° x 

0.05°) (2001-2014)-monthly 

• Pacific Decadal Oscillation (PDO) index (JISAO)- monthly 
• El Niño Southern Oscillation (ENSO) from NOAA CPC, 

three month running mean- 
 
 
 



IMPROVE Current FD Conditions (2011-2014) 

2011-2014 Spring 
(MAM) FD 

2011-2014 Spring FD 
Fraction of PM2.5 



1995-2014 Monthly Mean Fine Dust Trends 
 

5.4 % yr-1 
(p<0.01) 

2.0 % yr-1 
(p=0.07) 

1.5 % yr-1 
(p=0.11) 

Black triangles: 
long-term 
IMPROVE sites 

Hand et al. (2016) GRL 



Shift to active and earlier dust season around 2007 
 

Day of Year Anomaly: half annual total dust 



Shift to active and earlier dust season around 2007 
 

Fine Dust & 
PDO (r = -0.65) 
ENSO (r = -0.47) 

Day of Year 
Anomaly: half 
annual total 
dust 

Regional Mean 



SW Region Monthly Dust and Meteorological Indices  
 

Hand et al. (2016) GRL 

1995-2006 vs 2007-2014 

Dustier in March → 

PDO, ENSO:  Negative values →  
Drier conditions in SW 

Drier in March → 

Windier in March → 

Less Vegetation → 



  

Table 1: Correlation coefficients (r) between various monthly and regional mean indices for  
March, April, and May for 1995 through 2014, except for EVI (2001–2014).   
Correlation Coefficients (r) March April May 
Dust and Pacific Decadal Oscillation (PDO) -0.65 -0.50 -0.51 
Dust and El Niño Southern Oscillation (ENSO)* -0.47 -0.51 -0.30 
Dust and Precipitation -0.67 -0.54 -0.41 
Dust and Wind Speed 0.35 0.27 0.27 
Dust and Enhanced Vegetation Index (EVI) -0.55 -0.10 -0.66 
PDO and Precipitation 0.56 0.07 0.19 
PDO and Wind Speed -0.26 -0.13 -0.12 
PDO and EVI 0.56 0.52 0.48 
ENSO and EVI 0.26 0.46 0.19 
EVI and Precipitation 0.47 0.48 0.29 
Bold: p = 0.05, Bold+Italics: p < 0.01.  
*ENSO indices were correlated with the center month of the three-month running mean.  

Correlation coefficients between fine dust and 
meteorological variables 



Implications 
 • Contributions of dust and coarse mass to reconstructed bext on 

haziest days increased from 15% to 30% (1995-2014) 
 

• FD contributions to PM2.5 increased in spring from 20% to 50% 
across the region (1995-2014) 
 

• Health effects: cases of valley fever increased starting around 
2007-2008 (CDC) 
 

• Increase in dust deposition (Brahney et al., 2013) and implications 
for regional hydrology (e.g., Painter et al., 2010) 
 

• Understanding the role of large-scale climate variability is 
important for accurately predicting and mitigating impacts of 
anthropogenic perturbations and climate change on dust 
emission and subsequent impacts in the SW  
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