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STN & IMPROVE NETWORKS

Two networks collect PM2.5 samples and 
perform similar analyses

 IMPROVE: ~170 sites operated by UCD

 STN: ~50 sites operated by EPA

Both networks operate collocated 
(duplicate) samplers at 6 to 7 sites

 Collocated data used in past to estimate 
measurement errors for individual species

 Extend error analysis to multivariate context



INDEPENDENCE OF ERRORS

Analysts assume errors are independent 
among analytes

 Independence means correlation/covariance is 
zero 

 Assumption is often not completely valid

Prior analyses indicate some severe 
violations of this assumption may exist

Use log ratios to estimate errors, 
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 Phoenix 
IMPROVE 
collocated site

 St. Marks 
IMPROVE 
collocated site
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 Bakersfield 
STN 
collocated 
site
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MODELING INDIVIDUAL ERRORS

Assumptions: 

 multiplicative (slope) errors dominate

 Additive (offset) errors are insignificant

 3 sources of error considered

 Volume error: V, v (m3)

 Size characterization error :  Sx, sx (mg)

 Chemical analysis error :  Lx, lx (mg/cm2)  
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COVARIANCE MATRIX MODEL
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 Note 
cov(ea,eb)=cov(eb,ea)



INDIVIDUAL AND SHARED ERROR ESTIMATES

 St. Marks IMPROVE collocated site 

 PM2.5 lowest shared errors

 “Dust” elements have higher errors

 
Br S H PM2.5 Fe Ca Si 

Br 6% 
S 3% 3% 

     H 3% 3% 7% 
    PM2.5 2% 1% 2% 3% 

Fe 3% 3% 3% 2% 6% 
  Ca 3% 3% 2% 1% 5% 7% 

Si 4% 4% 4% 2% 6% 5% 11% 
 



INDIVIDUAL AND SHARED ERROR ESTIMATES

 Phoenix IMPROVE collocated site

 “Dust” elements have much higher individual and 
shared errors than other species

 PM2.5 and “dust” element shared errors high at Phoenix

Br S H PM2.5 Fe Ca Si 

Br 5% 
      S 4% 4% 

H 3% 4% 8% 
    PM2.5 3% 3% 5% 7% 

Fe 4% 5% 7% 9% 14% 

Ca 4% 5% 7% 10% 14% 15% 

Si 4% 5% 7% 9% 14% 14% 14% 
 



INDIVIDUAL AND SHARED ERROR ESTIMATES

 Bakersfield STN collocated site

 Common error of 2-4% amongst all species

 “Dust” element individual errors similar to Phoenix 
but shared errors are lower

 Br S PM2.5 Fe Ca Si 

Br 25% 
S 3% 4% 

    PM2.5 3% 2% 7% 
Fe 4% 4% 5% 13% 
Ca 6% 4% 5% 9% 14% 
Si 5% 2% 4% 9% 11% 15% 

 



CONCLUSIONS

 IMPROVE and STN measurement errors are not 
independent amongst species

 Strength of the dependencies varies by species and 
site

 Sample volume error is observable

 Size discrimination error affects “dust” elements –
not accounted for by current uncertainty estimates

 Dependencies may bias data analysis results

 Ultimately need to modify sampling techniques 
to reduce errors
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