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Content – WRAP Vis Projections
• Background

– Why demonstrating reasonable progress will be difficult in 
WRAP region

• Characterization of WRAP Visibility
– Causes of Haze (COHA) Study

• http://www.coha.dri.edu/
– Attribution of Haze (AOH) Study

• http://www.wrapair.org/forums/aoh/

• Example Class I areas 
– Causes of visibility impairment (all and Worst 20%)
– Example 2018 visibility projections using VISTAS  modeling

• Important caveat: data of opportunity, VISTAS data not designed for 
WRAP projections, for example does not include Section 309 SO2 
Annex controls

• Conclusions
– WOE reasonable progress demonstration likely necessary



WRAP RRF Considerations
• Worst days not always dominated by SO4; OMC, 

NO3 and/or CM can be more important than SO4 
at many sites
– California NO3 issue
– Southwestern Desert dust (CM)
– Fires, Fires, Fires, Fires

• Posses unique and special conditions for modeling 
visibility projections

• May be more difficult to model visibility goals
– Many sites dominated by fires for Worst 20% days and 

assumed to remain unchanged from 2002 to 2018
– Don’t CAIR states
– Point source SO2 and NOx controls much less effective 

at reducing visibility in west compared to east



Five 
examples of 
WRAP 
visibility 
projections:
WHIT, NM
GRCA, AZ
CRLA, OR
DENA, AK

mailto:webmaster@wrapair.org






Worst 20% Obs & CMAQ Actual baseE at WHIT1
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White Mountain, NM – Worst 20% Days in 2002 
Observations vs. Predictions

Dust Fires

Nitrate



Bext Response (OTWd-Typical) at WHIT1 on Worst 20% Days

-20

-15

-10

-5

0

5

10

74 80 89 92 95 110 116 137 146 167 173 176 179 182 218 221 227 245 248 251 290 308 329 Avg

Julian Day

D
el

ta
 B

ex
t (

1/
M

m
) bCM

bSOIL
bEC
bOC
bNO3
bSO4

White Mountain, NM: 2018 – 2002 for Worst Days



Predictions of various methods for achieveing target reduction in HI
OTWd for Worst 20% of days at WHIT1
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Goal for White Mountain, New Mexico (RPG = 1.82 dv)







Worst 20% Obs & CMAQ Actual baseE at GRCA2
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Grand Canyon, AZ – Worst 20% Days in 2002
Observations vs. Predictions

Fires in model

Dust in obs



Grand Canyon, AZ: 2018 – 2002 for Worst Days
Bext Response (OTWd-Typical) at GRCA2 on Worst 20% Days
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Predictions of various methods for achieveing target reduction in HI
OTWd for Worst 20% of days at GRCA2
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2018 Visibility Projections Percent of Reasonable Progress 
Goal for Grand Canyon, Arizona (RPG = 1.26 dv)







Worst 20% Obs & CMAQ Actual baseE at SAGO1
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San Gorgonio, CA – Worst 20% Days in 2002
Observations vs. Predictions

Nitrate!



Bext Response (OTWd-Typical) at SAGO1 on Worst 20% Days
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San Gorgonio, CA: 2018 – 2002 for Worst Days



Predictions of various methods for achieveing target reduction in HI
OTWd for Worst 20% of days at SAGO1
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2018 Visibility Projections Percent of Reasonable Progress Goal 
for San Gorgonio, California (RPG = 3.38 dv)



CRLA Data Following RHR Guidelines



7 high carbon 
samples added

CRLA Data Including Clogged Filter Days



Worst 20% Obs & CMAQ Actual baseE at CRLA1
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Crater Lake, OR – Worst 20% Days in 2002
Observations vs. Predictions

Fires



Bext Response (OTWd-Typical) at CRLA1 on Worst 20% Days
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Crater Lake, OR: 2018 – 2002 for Worst Days



Predictions of various methods for achieveing target reduction in HI
OTWd for Worst 20% of days at CRLA1
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Goal for Crater Lake, Oregon (RPG = 1.98 dv)



Denali, AK – 2002 IMPROVE Extinction



Worst 20% Obs during 2002 at DENA1
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Denali, AK – Worst 20% Days in 2002
Observations 
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Glide Path Natural Condition (Worst Days) Observation

Denali Glide Path to Natural Conditions, Baseline for 
Current Worst Days (10 dv) > 2064 Natural Conditions for 

many eastern Class I areas (e.g., GRSM @ 11 dv)
Denali 2018 RPG Reduction = 0.61 dv 



Denali National Park Best 20% Days (B20)
Current 5-Year Average for B20 Days (1.91 dv) lower than EPA 

default natural conditions for best days (2.30 dv)
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Contribution of CM to annual mean extinction at Class I areas

In most of the western United States, the mean contribution of dust to light 
extinction is in the range of ~ 10 – 30%



Conclusions – WRAP Vis Projections (1)
• Much more diverse PM mixture in western 

US on Worst 20% days than in the east
• Fires and wind blown dust much more 

important – little opportunity to control
– Focus reasonable progress on days with high 

anthropogenic contributions?
– Incorporate fires and dust in Natural Conditions 

endpoint?
• Mexico, Canada and global transport can 

have large influence at some Class I areas



Conclusions – WRAP Vis Projections (2)
• Need to start developing strategy for 

demonstrating reasonable progress for WRAP
– Modeled 2018 RPG demonstration not likely for 

many Class I areas in western US
– Mex/Can/International large influences
– Weight of Evidence (WOE) RPG demo needed

• Enforceable emission reductions
• Treatment of extreme events (fires/dust/international)
• Visibility improvements on days due to US anthro sources

– Examine extinction improvements by species?
• Smoke management plan
• Modeled visibility changes just one element of RPG 

demonstration
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