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IMPROVE Report VI

Today:
* Overview of the draft report outline for 2016-2019
How do we decide what to include? (status/trends)

 Major changes to analyses (organic mass, fine dust)
 Example of results

e Estimated timeline



Chapter 1: IMPROVE Network Overview

* Objective of visibility monitoring
* Overview of IMPROVE network and operation (aerosol and
optical network, site locations, etc.)

* Protocol, equipment, or analytic changes: e.g., Data
processing changes, FT-IR, weigh chamber, data advisories,
multiwavelength TOR (UC Davis, DRI, others?)

e CSN: network information



Chapters 2/3: Aerosol mass concentration and PM, . mass budget

Ammonium nitrate

AN = 1.29*nitrate ion

Species Formula Species Formula
Ammonium sulfate AS = 1.375*sulfate ion PM, . gravimetric EPA PM, ¢ after
mass (FM) 2014 for CSN

Organic carbon

OC = OC1+0C2+0C3+0C4+0P

Elemental carbon

EC = EC1+EC2+EC3-0OP

Reconstructed Fine
Mass

RCFM = AS + AN +
POM + EC+ FD +SS

Particulate organic
mass

POM = (OM/OC)*0C
IMPROVE: monthly OM/OC
CSN: seasonal OM/0OC

Residual

PM, . — RCFM

PM,, gravimetric
mass

EPA PM,, for urban
estimates

Coarse Mass (CM)

PMlO - PMz.s

Fine dust FD =1.15*%(2.2[Al] + 2.49]Si] +
1.63[Ca] + 2.42[Fe] + 1.94[Ti])
Sea salt SS(imp) = 1.8*chloride ion
SS(csn) = 1.8*chlorine (xrf)
Results:

Collocated IMPROVE-CSN site comparison

Annual mean maps and monthly/regional mean bar charts of absolute and relative mass
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IMPROVE & CSN COLLOCATED
SITE COMPARISON

Based on 2016-2019 monthly mean data from 4 sites
(Puget Sound, WA; Birmingham, AL; Fresno, CA; Phoenix, AZ)

IMPROVE CSN C lati
.| Error |Bias IMPROVE/ | O ¢ anon
Species mean mean Coefficient
(%) | (%) _3 " | csn
(g m3) | (ug m3) (r)
oC 11 11 2.36 2.59 0.91 0.99
EC 19 21 0.69 0.84 0.82 0.97
AS 6 -6 1.21 1.15 1.06 0.99
AN 8 -6 1.44 1.40 1.03 1.00
Dust 21 -20 1.21 0.90 1.34 0.96
SS 85 -81 0.24 0.05 4.75 0.71
FM 10 9 8.58 9.42 0.91 0.97
RCFM 4 -1 9.04 9.01 1.00 0.99

OC = organic carbon, EC = elemental carbon, AS = ammonium sulfate,
AN = ammonium nitrate , SS = sea salt, FM = PM, . gravimetric mass,
RCFM = reconstructed fine mass

Negative Bias: IMPROVE > CSN

Monthly Mean Collocated Concentrations
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Trends in Residual (FM-RCFM): 2005 2010 versus 2011-2016

Alaska

Hawaii
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Multiple linear regression

FM-EC-SS=a,AS+a,,AN +a,.0C+a,,.dust

Seasonal mean coefficients

AS Coefficient OC Coefficient Dust Coefficient
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Assumptions about OC are increasingly important as it is
now the major contributor to PM, .

Hand et al., 2019



Multiple linear regression: monthly mean

Monthy OM/OC Derived from MLR Analysis
IMPROVE: 2.2

2.1 @
monthly 2 ° °
: 1.9 °
varying, Q 1y
regionally S ®
1.6 o
constant Cl:0o o e

CSN: seasonally varying, regionally constant — based on Phillip et al. (2014) :

OM/OC of 1.6 (winter/spring)
OM/OC of 1.8 (summer/fall)

Annual
mean: 1.7



Impacts on residual: errors

NRMSE MAB MAE MAD Slope Avg Res
Orig | New | Orig | New | Orig | New | Orig | New | Orig | New | Orig | New
Winter | 0.22| 0.21] 0.05 0.02] 0.35 0.33] 0.22] 0.200 0.97, 1.00 -0.14f -0.04
Spring 0.17} 0.17} -0.02] -0.03; 0.35 0.35 0.22] 0.21 1.03] 1.06f 0.05f 0.09
Summer| 0.23] 0.17] -0.10, -0.02f 0.68 0.47, 0.34; 0.28 1.12 0.99 0.59 0.12
Fall 0.23| 0.22| -0.03] -0.01] 0.42 0.38 0.25 0.23] 1.0/, 1.01} 0.13] 0.02
Annual | 0.23] 0.19, -0.04f -0.01f 0.45 0.38 1.03] 0.70, 1.09] 1.000 0.17, 0.05

“New” = monthly OM/OC, 15% increase in dust
Italics: errors higher

NRMSE= normalized root mean square error MAD = Mean Absolute Deviation of residual
MAB = Mean Absolute Bias Slope (x=RCMF, y = FM)
MAE = Mean Absolute Error Average Residual = mean(FM-RCFM)
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Impacts on residual: Daily Network Median Residual

Residual Comb
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Red: New residual (monthly OM/OC, increased dust)
Also: weigh chamber — most samples in 2019!
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Results: Spatial Variability in annual mean PM, . mass
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IMPROVE & CSN PM, .

Results: regional/monthly means

Monthly mean PM, . mass budget
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Chapters 4/5: Total aerosol extinction, deciview and b_.. budget

(2016-2019)

ext

“Modified IMPROVE I” (similar to previous IMPROVE report):

b, = 3.0*f(RH)[AS] +
3.0*f(RH)[AN] +
4.0* [POM] +
10.0*[EC] +
1.0*[FD] +
1.7*f(RH)[SS] +
0.6*[CM] +
Rayleigh scattering (site specific) (Mm-)

POM is calculated with monthly OM/OC ratios (or seasonal for CSN)

IMPROVE fine dust is increased by 15%

CSN CM is estimated using interpolations of 4-yr average of EPA CM 14



Chapter 6: Trends in aerosol mass

Theil Regression for absolute and relative trends
IMPROVE and CSN

Long-term (1990-2019)

Short-term (2000-2019)

Annual, monthly, seasonal mean

15



Results: Annual mean trends (2000-2019)
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Chapter 7: Trends in total b

¢ and deciview

Theil Regression for absolute and relative trends
IMPROVE and CSN

Short-term (2000-2019)

Long-term (1990-2019)

Annual, monthly, seasonal mean
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Ch 8: Regional Haze Rule Progress Tracking Metrics
(Scott Copeland/Tom Moore)

Total b, on most impaired days
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Appendices

Carbon report summary

IMPROVE Network Charter

CSN Contract transition data advisory

Summary of residuals and new RCFM algorithm

IMPROVE citations

CSN Carbon data usage guide

IMPROVE data usage guide

IMPROVE Audit summary (sites visited, etc.)

Seasonal mean mass (IMPROVE, CSN): maps and tables of data
Seasonal mean b_,, (IMPROVE, CSN) maps and tables of data
Seasonal mean mass trends (IMPROVE, CSN) maps and tables of data
Seasonal mean b_ , trends (IMPROVE, CSN) maps and tables of data

Other...?

ext



Timeline

(end of) Nov 2021: Analyses complete

(end of) Dec 2021: Chapter 1 draft

(end of) March 2022: First draft of full report
April 2022: Public Comment period

June 2022: Final draft
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