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IMPROVE Network

• Interagency Monitoring of Protected Visual 
Environments

• Cooperative effort started in 1988 with ~30 sites
– Expanded in 2000 to >170 sites 

• Designed to monitor visibility-reducing 
particulate matter (PM) pollution in Class I areas

• Sponsors contribute ~$37k/year/site for 
– Sampler loan and repairs/upgrades, filter samples, lab 

analyses, data validation and delivery



Current Sponsors
• U.S. Environmental Protection Agency
• U.S. National Park Service
• U.S. Forest Service
• U.S. Fish & Wildlife Service
• Various State Governments & Tribes
• Environment Canada
• South Korea Ministry of Environment



Most samplers are located in
National Parks & other remote areas

A few samplers are collocated with 
urban network samplers.



The IMPROVE network maintains 156 sites.
Sites collocated with CSN samplers circled in blue.



• Designed by UC-Davis for clean environments
– High flow rate – 23 L/min
– Small filter – 25 mm diameter concentrates the 

sample
• 4 samples collected every 3 days

– PM2.5 Teflo® PTFE filter analyzed by gravimetry, XRF, 
and laser absorption by UCD

• PM2.5 nylon filter analyzed by ion chromatography 
at RTI

• PM2.5 quartz filter analyzed for carbon by DRI
• PM10 Teflo® PTFE filter analyzed by gravimetry by 

UCD

IMPROVE sampler



Visit Our Poster!



Data Validation and Analysis
• UC-Davis performs data validation for entire 

network
• Review flow rates immediately upon data 

receipt
• Review data from different perspectives 

(space, time) to identify contamination, 
interferences, patterns, and trends



Data Visualization Web Apps



Spatial Context Important for Validation

• Contour maps of 
annual average 
PM2.5 Sr (right) and 
S (below) 
concentrations

• Dots represent sites
• Sometimes we 

discover unique 
sources of trace 
elements



Sometimes we identify contamination



Data Validation Across Years
Sulfur by XRF Sulfate by IC



Sometimes we find trends in atmosphere!
Vanadium Nickel

• Nickel and vanadium are tracers for bunker fuel 



From http://www.turnermason.com/index.php/all-in-the-family-what-is-happening-with-the-
bunkers/





Where does the effect of the limits show up?
Near the big commercial ports!

ORPI, at the 
top of the Gulf 
of California



IMPROVE Reinvestment and 
Data Analysis

Investigations can lead to better 
understanding and improvements of the 

measurements



Atomizer

Particle

Dryer
Mixing

Chamber

IMPROVE PM2.5 Module

Dilution Air Dryer

Analyte Solution 

Dilution Air

RH Monitor

Aerosol generation system



Creating XRF Calibration Reference 
Filters

• Reference filters prepared using IMPROVE or 
Partisol® sampler

• Provides reference filters at relevant concentrations 
• XRF benchmark independent of Micromatter Inc. 

(commercially available) standards 
• Single-compound reference filters for S, Na, Cl, Pb, 

and K are used in current UC-Davis XRF calibrations
• Multi-element reference filters are also under 

development
– used to check stability of XRF measurements



Sulfur Reference Filters

Indresand, H.; White, W. H.; Trzepla, K.; Dillner, A. M. X-Ray Spectrometry 2013. doi: 10.1002/xrs.2456.



Multi-Element Reference Filters Analyzed by 12 Labs



• Eventually plan to use ME reference filter to 
explore interferences, matrix effects, and 
calibrate the instrument



Visit Our Poster!



Different views, same data
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Collocated IMPROVE PM2.5 Data
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Additive and Multiplicative Errors
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Distribution of Differences and Precision 
Estimates
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Errors: often not normally 
distributed

 Precision Estimation Approaches 
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Updated Uncertainty Estimates
Notable Improvements in Some Elements
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Limits of Detection 
Analyte is not 
present in 
sample

Analyte is 
present in 
sample

Analyte is 
measured

Type I error,
LC

Correct decision

Analyte is not 
measured

Correct decision Type II error, LD



Illustration of Type I & II Errors

α

0 LC
(Blank Mean)

Probability 
Density 
Function 
(PDF)

Distribution of 
Blank Measurements

LD

Distribution of 
Measurements at 
a value of LD

β

Measured Value or Concentration

(Currie, 1995)
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Estimating 
Detection limits
from duplicate 
measurements
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Reanalysis of 15 years of Archived Filters
• Great Smoky Mountains, Mount Rainier, Point Reyes
• Reanalysis under stable conditions and calibration
• Long-term uncertainties not reflected in our precision or 

collocated measurements



Original Measured Concentrations 
Great Smoky Mountains National Park

  
 

  
 



Ratios of Original and Reanalysis Concentrations
Great Smoky Mountains National Park
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Trends based on Reanalysis versus 
Original Results



IMPROVE: Our legacy is clear skies
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