
IMPROVE Report 2006IMPROVE Report 2006

L. L. DebellDebell, K. Gebhart, B. Schichtel , K. Gebhart, B. Schichtel 
and W. Malmand W. Malm



IMPROVE Report OutlineIMPROVE Report Outline
Section 1:  IMPROVE Data summariesSection 1:  IMPROVE Data summaries

Chapter 1: Network OverviewChapter 1: Network Overview
Chapter 2:  IMPROVEChapter 2:  IMPROVE--STN Data ComparabilitySTN Data Comparability
Chapter 3: Spatial trends in the annual average aerosol Chapter 3: Spatial trends in the annual average aerosol 
concentrations concentrations and extinction coefficientsand extinction coefficients
Chapter 4: Spatial Variability of monthly patterns in aerosol Chapter 4: Spatial Variability of monthly patterns in aerosol 

concentrations and extinction coefficientsconcentrations and extinction coefficients
Chapter 5: Trends in aerosol concentrations and extinction Chapter 5: Trends in aerosol concentrations and extinction 
coefficientscoefficients

Section 2:  Special Study SummariesSection 2:  Special Study Summaries
Chapter 1: BRAVO Executive Summary and Link to full reportChapter 1: BRAVO Executive Summary and Link to full report
Chapter 2: Yosemite Executive Summary and Link to full reportChapter 2: Yosemite Executive Summary and Link to full report
Chapter 3: Coarse Mass StudyChapter 3: Coarse Mass Study
Chapter 4: IMPROVE Algorithm ReviewChapter 4: IMPROVE Algorithm Review

Section 3:  QA StudiesSection 3:  QA Studies
Chapter 1: Historical Data QA/QC Review Chapter 1: Historical Data QA/QC Review 
Chapter 2: Denuder StudyChapter 2: Denuder Study

Other workOther work
Carbon 12/14 studyCarbon 12/14 study
Hygroscopicity of Smoke and Carbon AerosolsHygroscopicity of Smoke and Carbon Aerosols



IMPROVE NetworkIMPROVE Network



Fusion of IMPROVE & STN NetworksFusion of IMPROVE & STN Networks



Relative Errors from Six Collocated IMPROVE Monitors
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Relative Errors from Six Collocated IMPROVE & STN Monitors
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Comparability of IMPROVE and STN Measurements

Precision in Annual Average Concentrations calculated from collocated data

11--σσ UncertaintyUncertainty
IMPROVEIMPROVE
inin--networknetwork

IMPROVEIMPROVE--STNSTN
cross networkcross network

AlAl 19%19% 33%33%

CaCa 7%7% 28%28%

FeFe 5%5% 21%21%

SiSi 5%5% 11%11%

TiTi 4%4% 25%25%

SS 3%3% 11%11%

SO4SO4 2%2% 5%5%

NO3NO3 5%5% 14%14%

ECEC 7%7% 24%24%

OCOC 7%7% 36%36%
blankblank--
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STN OC STN OC 
datadata

NANA 8%8%
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X and Y represent the paired annual means 

•Note, these uncertainties do not contain the error due to a systematic bias



IMPROVE Reconstructed Fine MassIMPROVE Reconstructed Fine Mass



IMPROVE & STN Reconstructed Fine MassIMPROVE & STN Reconstructed Fine Mass



IMPROVE Ammonium Sulfate MassIMPROVE Ammonium Sulfate Mass



IMPROVE & STN Ammonium Sulfate MassIMPROVE & STN Ammonium Sulfate Mass



IMPROVE Organic Carbon MassIMPROVE Organic Carbon Mass



IMPROVE & STN Organic Carbon MassIMPROVE & STN Organic Carbon Mass



IMPROVE Ammonium Nitrate MassIMPROVE Ammonium Nitrate Mass



IMPROVE & STN Ammonium Nitrate MassIMPROVE & STN Ammonium Nitrate Mass



IMPROVE Fine Soil MassIMPROVE Fine Soil Mass



IMPROVE & STN Fine Soil MassIMPROVE & STN Fine Soil Mass



IMPROVE Particulate Light ExtinctionIMPROVE Particulate Light Extinction



IMPROVE DeciviewsIMPROVE Deciviews
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STN STN 
Monthly Monthly 
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IMPROVE Monthly Fine Mass BudgetsIMPROVE Monthly Fine Mass Budgets

Hawaii

California Coast

Southern California

Death Valley

Sierra Nevada

Great Basin

Central Rockies

Colorado Plateau

Mogollon Plateau

West Texas

Southern Arizona
Phoenix

1 2 3 4 5 6 7 8 9 101112A

0
2

4
6

8

1 2 3 4 5 6 7 8 9 101112A

0
1
2
3
4
5
6

1 2 3 4 5 6 7 8 9 101112A

0
1
2
3
4
5
6

1 2 3 4 5 6 7 8 9 101112A

0
2

4
6

8
1
0

1 2 3 4 5 6 7 8 9 101112A

0
2

4
6

8

1 2 3 4 5 6 7 8 9 101112A

0
1

2
3

4
5

1 2 3 4 5 6 7 8 9 101112A

0
2

4
6

8

1 2 3 4 5 6 7 8 9 101112A

0
5
1
0
1
5
2
0
2
5

1 2 3 4 5 6 7 8 9 101112A

0
2

4
6

8
1
0

1 2 3 4 5 6 7 8 9 101112A

0
2
4
6
8
1
0
1
2

1 2 3 4 5 6 7 8 9 101112A

0
2
4
6
8
1
0
1
2

1 2 3 4 5 6 7 8 9 101112A

0
2

4
6

8
1
0

IMPROVE Sites

Soil

Light Absorbing Carbon
Organics

Nitrate

Sulfate



IMPROVE Monthly Fine Mass BudgetsIMPROVE Monthly Fine Mass Budgets
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Trends in the Best and Worst Trends in the Best and Worst 
Haze DaysHaze Days



Clear Day Deciview Trend 1995Clear Day Deciview Trend 1995--20042004
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Hazy Day Deciview Trend 1995Hazy Day Deciview Trend 1995--20042004
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Review of Aerosol Optical Review of Aerosol Optical 
Properties Derived from IMROVE Properties Derived from IMROVE 

Particulate and Optical DataParticulate and Optical Data



Inorganic Light Extinction Efficiencies  Inorganic Light Extinction Efficiencies  

Organic bext efficiency = 
(density inorganic / density organic) *  inorganic bext efficiency



Coarse Mass EfficiencyCoarse Mass Efficiency

•Derived from Transmissometer and Particulate data
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Seasonal Contemporary and Fossil C (Seasonal Contemporary and Fossil C (µµg/mg/m33))

The error bars represent the range in six day concentrationsThe error bars represent the range in six day concentrations



Seasonal Fraction Contemporary CarbonSeasonal Fraction Contemporary Carbon

The error bars represent the fraction contemporary range The error bars represent the fraction contemporary range 



Urban ExcessUrban Excess
Puget Sound, WA Puget Sound, WA -- Mount Rainier, WAMount Rainier, WA
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Puget Sound fossil carbon is primarily due to local Puget Sound fossil carbon is primarily due to local 
sources during winter and summersources during winter and summer
Summer biogenic carbon is regionally distributedSummer biogenic carbon is regionally distributed
~40% of the winter urban excess is biogenic carbon ~40% of the winter urban excess is biogenic carbon 

Not all biogenic carbon is Not all biogenic carbon is ““naturalnatural””



Urban ExcessUrban Excess
Phoenix, AZ Phoenix, AZ –– Tonto, AZTonto, AZ
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About half of the winter urban excess is biogenic carbon About half of the winter urban excess is biogenic carbon 

Not all biogenic carbon is Not all biogenic carbon is ““naturalnatural””
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Finished



IMPROVE Light Absorbing Carbon MassIMPROVE Light Absorbing Carbon Mass



IMPROVE & STN Light Absorbing CarbonIMPROVE & STN Light Absorbing Carbon
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