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IntroductionIntroduction
Identified in WRAP Strategic Plan (2003)
Report (http://wrapair.org/forums/aoh/ars1/report.html) is 
a gateway to the detailed information integrated into 
Phase I of the Attribution of Haze (AoH) project.
Most of this information resides on the WRAP 
website and with WRAP data centers. Major report 
sections include: 

Introduction – AoH project background and goals
Analytical Approach – data sets and methods.
Attribution of Haze Web Site Description
Regional Attribution and Assessment results
Recommendations for Phase II – future AoH work.



WRAP Strategic PlanWRAP Strategic Plan
Phase IPhase I
20032003--0505

Phase IIPhase II
20052005--0707

Purpose:Purpose: Dry run for Phase II.Dry run for Phase II. Refine and apply Phase IRefine and apply Phase I
approaches for SIP/TIPapproaches for SIP/TIP
purposes.purposes.

Scale:Scale: Regional.Regional. Regional and Regional and subregionalsubregional..

Apportionment:Apportionment: 96/02 source contributions.96/02 source contributions.
Areas each plan to address.Areas each plan to address.

2002 source contributions.2002 source contributions.
Reduction obligations.Reduction obligations.

Strategies:Strategies: Identify options, screen.Identify options, screen. Cost/benefit, select, design.Cost/benefit, select, design.

Communication:Communication: Public education.Public education. Public acceptance.Public acceptance.

Major Major 
State/TribalState/Tribal

submittals:submittals:
2002 emissions inventory.2002 emissions inventory. Modeling run specifications.Modeling run specifications.



Project GoalsProject Goals

Provide WRAP region state and tribal air 
regulators with an initial, regional assessment of 
the attribution of haze in their Class I areas;

To provide an initial assessment of the impact of 
natural and anthropogenic emissions from each 
state at WRAP region Class I areas; and

Ultimately, to develop tools, methods, and data 
formats to provide air regulators with the 
information needed to prepare SIPs and TIPs 
under the Regional Haze Rule.



Technical Objectives – what was done

Integrate/synthesize available 2002 monitoring, 
modeling, & emissions data to identify and 
analyze:

IMPROVE data at WRAP region Class I areas
Emissions sources:

Defined as mass and species by source category/state
Natural and anthropogenic emissions by species/state

Independent modeling techniques:
CMAQ regional dispersion model with Tagged Species 
Source Apportionment (TSSA) tool, use to assess the impact 
of each state’s point and mobile emissions at WRAP region 
Class I areas
Trajectory Regression Analysis of air parcel residence times 
over source regions (defined as states) for sulfate and total 
light extinction, for each WRAP region IMPROVE site



Phase I DeliverablesPhase I Deliverables

Prepared 96 regional/state emissions mapsPrepared 96 regional/state emissions maps
Prepared data summaries for 85 sitesPrepared data summaries for 85 sites
Reviewed and analyzed 2002 attribution results Reviewed and analyzed 2002 attribution results 
for more than 120 federal and tribal Class I areasfor more than 120 federal and tribal Class I areas
Determined regional groupings of source impacts Determined regional groupings of source impacts 
across the WRAP regionacross the WRAP region
Developed project web page to support findingsDeveloped project web page to support findings
Reviewed and addressed dozens of commentsReviewed and addressed dozens of comments
Prepared Phase II recommendationsPrepared Phase II recommendations
Prepared final summary reportPrepared final summary report



Primary Data InputsPrimary Data Inputs
Emissions InventoriesEmissions Inventories

Tracks pollution estimates of source categories and aerosol Tracks pollution estimates of source categories and aerosol 
speciesspecies
Spatial variation and source strength in EIs affects Spatial variation and source strength in EIs affects 
monitoring data and model resultsmonitoring data and model results
Confidence in these data is mediumConfidence in these data is medium

Monitoring DataMonitoring Data
Snapshot of aerosol pollution at a given locationSnapshot of aerosol pollution at a given location
Confidence in these data is highConfidence in these data is high

ModelingModeling
Allows us to estimate the transformation and movement Allows us to estimate the transformation and movement 
and fate of emissions in the atmosphereand fate of emissions in the atmosphere
Model performance is tested by comparisons to monitoring Model performance is tested by comparisons to monitoring 
datadata



Emissions Data SetEmissions Data Set

EPA 2002 NEI not useable for this purpose EPA 2002 NEI not useable for this purpose →→
WRAP facilitated development of WRAP facilitated development of ““interiminterim””
2002 emissions2002 emissions

PointPoint
AreaArea
Mobile (OnMobile (On--Road & NonRoad & Non--Road)Road)
Road Dust (Paved & Unpaved)Road Dust (Paved & Unpaved)
FireFire
Windblown DustWindblown Dust
BiogenicsBiogenics
Modeling Domain Boundary ConditionsModeling Domain Boundary Conditions

AoH interim 2002 EI











MonitoringMonitoring

IMPROVE + protocol sitesIMPROVE + protocol sites
Developed new displaysDeveloped new displays
Looked at missing and partial sample resultsLooked at missing and partial sample results





Example IMPROVE Data Timeline PlotExample IMPROVE Data Timeline Plot





Aerosol 
Extinction

Sulfate 
Extinction

Nitrate 
Extinction

Organics 
Extinction

2002 WRAP Aerosol/Species Extinction2002 WRAP Aerosol/Species Extinction



AoH Regional Scale ModelingAoH Regional Scale Modeling

WRAP Regional Modeling CenterWRAP Regional Modeling Center
http://pah.cert.ucr.edu/aqm/308/http://pah.cert.ucr.edu/aqm/308/

CMAQ model runs using 2002 CMAQ model runs using 2002 ““interiminterim”” EIs and EIs and 
MM5 dataMM5 data
CMAQ CMAQ –– EPAEPA--developed model for regional analysisdeveloped model for regional analysis
Tagged Species Source Apportionment (TSSA)Tagged Species Source Apportionment (TSSA)

Use Use ““Tagged SpeciesTagged Species”” tracers to track chemical tracers to track chemical 
transformations and deposition across domaintransformations and deposition across domain
Add source type tracers for key species and for defined Add source type tracers for key species and for defined 
regions and source categoriesregions and source categories
Contribution results at each receptor site Contribution results at each receptor site –– no need for no need for 
aerosol samplers to be presentaerosol samplers to be present
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CMAQ Summary for Rocky Mountain NPCMAQ Summary for Rocky Mountain NP



AoH Trajectory Regression Analysis (TRA)AoH Trajectory Regression Analysis (TRA)

Desert Research InstituteDesert Research Institute
Part of WRAP Causes of Haze Assessment (CoHA)Part of WRAP Causes of Haze Assessment (CoHA)
http://coha.dri.edu/index.htmlhttp://coha.dri.edu/index.html

Meteorological back trajectories run for 2000 Meteorological back trajectories run for 2000 –– 2002 to 2002 to 
determine flow patterns for each IMPROVE sitedetermine flow patterns for each IMPROVE site
TRA finds the best fit between the time air spends TRA finds the best fit between the time air spends 
over a defined area (source region) and the air quality over a defined area (source region) and the air quality 
parameter measured at an IMPROVE siteparameter measured at an IMPROVE site
Contribution results at each IMPROVE siteContribution results at each IMPROVE site

No results for unmonitored CIAsNo results for unmonitored CIAs
Monitored locations must have sufficient dataMonitored locations must have sufficient data



Back Trajectory Back Trajectory 
Residence Time Residence Time 

SummariesSummaries
20% worst sulfate days 20% worst sulfate days 
(2000 (2000 –– 2002)2002)
W, SW, SE show highest W, SW, SE show highest 
residence times at Great residence times at Great 
Sand DunesSand Dunes
NW, W, S show highest NW, W, S show highest 
residence times at residence times at 
Craters of the MoonCraters of the Moon

Great Sand Dunes, Colorado

Craters of the Moon, Idaho



Used for Used for 
comparison of comparison of 
TSSA and TRA TSSA and TRA 
resultsresults
Boundary states Boundary states 
(inner circle)(inner circle)
U.S. regions U.S. regions 
(outer circle)(outer circle)
International International 
(Can., Mex.)(Can., Mex.)
Other (ocean, Other (ocean, 
gulf, boundary gulf, boundary 
conditions, conditions, 
unknown or not unknown or not 
able to attribute)able to attribute)

Source Region Grouping Source Region Grouping -- ExampleExample



TSSATSSA
Errors and uncertainties in gridded meteorological dataErrors and uncertainties in gridded meteorological data
Emissions inventories uncertain and in some cases Emissions inventories uncertain and in some cases 
incompleteincomplete
TSSA TSSA –– new application in CMAQnew application in CMAQ
36 km grid resolution is too coarse to resolve near field 36 km grid resolution is too coarse to resolve near field 
effectseffects

TRATRA
Statistical technique Statistical technique –– has associated uncertainty limitshas associated uncertainty limits
Based on EDAS back trajectories Based on EDAS back trajectories –– uncertainty increases as uncertainty increases as 
you move away from the end time and dateyou move away from the end time and date
““Edge effectEdge effect”” for CIAs or source regions near the boundary for CIAs or source regions near the boundary 
of a stateof a state

Modeling UncertaintiesModeling Uncertainties



Integrated Analysis and ResultsIntegrated Analysis and Results

Weight of evidence approach:Weight of evidence approach:
Less confident in any single analysisLess confident in any single analysis
Multiple, independent analyses are necessary to gain more Multiple, independent analyses are necessary to gain more 
confidence in findingsconfidence in findings

Integrated analysis looked at:Integrated analysis looked at:
Accuracy and reliability of EIs, monitoring data, model Accuracy and reliability of EIs, monitoring data, model 
resultsresults
Geographic source regions for SO4 and NO3Geographic source regions for SO4 and NO3

TSSA TSSA –– Point and Mobile emissionsPoint and Mobile emissions
TRA TRA –– Did not distinguish between source categoriesDid not distinguish between source categories

Logical groupings of CIAs exist based on attribution of these Logical groupings of CIAs exist based on attribution of these 
pollutantspollutants



Weight of Evidence Approach Weight of Evidence Approach ––
ConsiderationsConsiderations

TSSA ResultsTSSA Results
Supported by other analyses?Supported by other analyses?
What if contradicted by other analyses?What if contradicted by other analyses?

TRA ResultsTRA Results
Noisy data Noisy data –– statistical interpretation requiredstatistical interpretation required
Farther source regions must be larger to compensate for increasiFarther source regions must be larger to compensate for increasing ng 
uncertainties in longer trajectoriesuncertainties in longer trajectories
Do we see possible Do we see possible ““edge effectsedge effects””??

Monitoring DataMonitoring Data
Reasonably accurate and certain measurementsReasonably accurate and certain measurements
As a snap shot, canAs a snap shot, can’’t demonstrate cause and effectt demonstrate cause and effect

EmissionsEmissions
EI are estimates, not directly measuredEI are estimates, not directly measured
Do EI inputs support attribution results?Do EI inputs support attribution results?



Rocky Mountain NP Rocky Mountain NP –– Sulfate Apportionment ResultsSulfate Apportionment Results



““Edge EffectEdge Effect”” Explanation for Explanation for 
Sulfate TRA ResultsSulfate TRA Results

Trajectory points Trajectory points 
every 3 hours may every 3 hours may 
not accurately not accurately 
represent high represent high 
emission source emission source 
regions near the regions near the 
edges of statesedges of states
Therefore, TRA Therefore, TRA 
results may miss or results may miss or 
underestimate the underestimate the 
impact from these impact from these 
regionsregions



Rocky Mountain NP Rocky Mountain NP –– TSSA SO4/NO3 ResultsTSSA SO4/NO3 Results



SO4 Attribution Summary for ColoradoSO4 Attribution Summary for Colorado



Available Attribution InformationAvailable Attribution Information

More information for some species than othersMore information for some species than others
Credibility of results depend on how well all categories Credibility of results depend on how well all categories 
of information agreeof information agree



20 groupings20 groupings
Based on Based on 
source region source region 
attribution and attribution and 
species signal species signal 
strength and strength and 
similaritysimilarity
Groupings Groupings 
similar for SO4 similar for SO4 
and NO3and NO3

Initial Grouping of CIAs by Sulfate Initial Grouping of CIAs by Sulfate 
and Nitrate Source Attributionand Nitrate Source Attribution



CMAQ Results for SO4 and NO3CMAQ Results for SO4 and NO3



Major FindingsMajor Findings

Compiled attributions for 120+ Class I areasCompiled attributions for 120+ Class I areas
Independent apportionment methods generally Independent apportionment methods generally 
consistent in identifying source regionsconsistent in identifying source regions
AoH weight of evidence method generally applicable AoH weight of evidence method generally applicable 
to haze attributionto haze attribution
Emissions from mobile and point source categories:Emissions from mobile and point source categories:

SOSO22 and NOand NOxx are regional pollutants, comprising a are regional pollutants, comprising a 
significant percentage of each statesignificant percentage of each state’’s emissionss emissions
Both are important contributors to light extinctionBoth are important contributors to light extinction
Modeled emissions from each WRAP region state impact Modeled emissions from each WRAP region state impact 
Class I areas of one or more other states and tribesClass I areas of one or more other states and tribes
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