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The Drivers: CAA §169AThe Drivers: CAA §169A

“…calls for States to establish goals and 
emission reduction strategies for improving 
visibility in all 156 mandatory Class I national 
parks and wilderness areas.”

40CFR §51: The Regional Haze Rule40CFR §51: The Regional Haze Rule

“…prevention of any future, and the 
remedying of any existing, impairment of 
visibility in… which impairment results 
from manmade air pollution”



Picture
8 µg/m3

13 dv



Bad Day
21 µg/m3

25 dv



Light absorption by fine particles

Light scattering by fine particles

Clear line of sight in absence of fine particles
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MANE-VU Region

Moosehorn

Roosevelt
Campobello

Acadia

Presidential Range
Dry River

Great Gulf

Lye Brook

Brigantine



140 Mm-1 / 30 Mm-1

Great Gulf
(Presidential Range)

96 Mm-1/ 27 Mm-1

Moosehorn
(Roosevelt Campobello)

110 Mm-1 / 28 Mm-1

Acadia

144 Mm-1 / 26 Mm-1

Lye Brook

242 Mm-1 / 70 Mm-1

Washington D.C.

189 Mm-1 / 52 Mm-1

Brigantine
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Sulfate Relative Reductions

2009 Relative Mass Reduction 2018 Relative Mass Reduction 



Projected Mass Reductions 
Annual Average Sulfate Values
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Relative mass reductions applied to visibility 
metric for New England sites

Note: deciviews are not directly proportional to mass



M-V Contribution Assessment

• Empirical data analysis methods exploit observed 
relationships between emissions, meteorology and 
observations

• Trajectory models/dispersion models use mimimal
chemistry but link source and receptor locations via 
meteorology

• Factor Analysis/Source Apportionment techniques 
determine optimal combinations of various sources which 
match observed pollution

• Chemical Transport Models attempt to fully integrate 
knowledge about emissions, meteorology, atmospheric 
physics and chemistry to simulate ambient concentrations



• Available in draft form – comments through 
Friday
– REMSAD with SO2 tagging

– CALPUFF with 2 types of Meteorology

– Trajectory methods (Incremental Probability and 
Cluster Weighted Probability)

– Residence time probability x emissions

– Emissions/distancePlus conceptual model, monitoring strategy, 
baseline conditions, emission inventory, and more…

Contributions to Regional Haze 
in the Northeast and Mid-Atlantic

United States



Contribution Assessment
Analysis Domain

Black : Run 1
Red   : Run 2
Blue  : Run 3
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Weight of Evidence

PA
12.8%

OH
9.1%

CANADA
7.1%NY

5.6%

MD
5.0%

WV
4.7%

CT
0.5%

ME
0.2%

NH
0.6%

VT
0.1% MS

0.0%

DC
0.0%

RI
0.1%

WI
1.2%

CENRAP
1.1%

AL
1.1%

SC
1.7%

IL
1.8%KY

2.3%

TN
1.6%

GA
2.3%MA

2.7%

MI
2.8% DE

3.2%

IN
3.3%

NJ
4.0%

NC
4.2%

VA
4.3%

OTHER
16.7%

d

Q

d
Impact = C x



Sulfur Emissions  Residence Time  
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OUTSIDE DOMAIN
CANADA
CENRAP
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Sulfate Contribution by Region

ACAD-ME BRIG-NJ LYBR-VT SHEN-VA



Attribution/Consultation
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Attribution/Consultation
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Attribution/Consultation
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Attribution/Consultation

Lye Brook
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Attribution/Consultation

Brigantine
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Lowest 
Sulfate – 1.4 ug/m3

Highest
Sulfate – 3.19ug/m3

Trajectory Clusters
Acadia National Park, Maine



Source 
Apportionment/
Factor Analysis

Interpolated Oil and Coal 
SO2 Emissions Fields

(oil x 10!)

OilOil

CoalCoal

“Oil” and “Coal” Factors



Contribution Day-by-Day
Acadia, ME
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3 sites, 3 influences



See Multi-RPO Animation

• See animation in web browser…



Where did these peaks come 
from?

Put them
together
and…



Trajectories in Motion



STEM in Motion



Final Thoughts

• Modeling/Visualization capability is 
expanding rapidly

• Accurate inventories appear to be the limiting 
step in the process

• Weight of evidence approaches provide 
confidence in results




