


Proceedings of the International Specialty Conference

AEROSOLS AND ATMOSPHERIC OPTICS:

Radiative Balance and Visual Air Quality

Jointly sponsored by

Air & Waste Management Association
and

American Geophysical Union

Hosted by

A&WMA Great Basin Chapter
Rocky Mountain States Section



 

VIP-41

Aerosols and Atmospheric Optics:
Radiative Balance and Visual Air Quality

Proceedings of the International Specialty Conference
Snowbird, Utah, USA

September 26-30, 1994

Publication Policy

This publication contains technical papers published essentially as they were presented at a recent
international specialty conference, which was jointly sponsored by the Air & Waste Management
Association and the American Geophysical Union.  The papers have not been subject to the editorial
review procedures of the co-sponsors, and opinions expressed therein are not to be interpreted as
having the endorsement or support of the co-sponsors.

Copies of this two volume set are available to Air & Waste
Management Association members for  $65 (others $90).  For a
complete publications listing, contact the Order Fulfillment Clerk,
A&WMA, One Gateway Center, Third Floor, Pittsburgh, PA 15222,
phone (412) 232-3444, fax (412) 232-3450.

Copyright 1994
Air & Waste Management Association

One Gateway Center, Third Floor
Pittsburgh, PA 15222



Contents

Acknowledgements xxiii

Conference Committees xxiv

List of Exhibitors xxvii

Preface xxix

Topic 1.  Field Observations
Peter H. McMurry and L. Willard Richards, Topic Co-Chairs

P1 State of the Science Overview 3
Issues in Aerosol Measurement for Optics Assessments
Peter H. McMurry, Xinqiu Zhang, and Chung-Te Lee

P2 State of the Science Overview 6
Recommendations for Monitoring the Effects of Air Quality on Visibility
L. Willard Richards

Response to “Recommendations for Monitoring the Effects of 16
Air Quality on Visibility”
John V. Molenar

Session 1A: Reviews of Sampling Methodologies and Programs
Peter K. Mueller, Session Chair

1A1 The Quality of the SCENES Measurements: The Roles of Data Quality 21
Goals and Evolving Technology
Ivar H. Tombach and Sheryl A. Thurston

1A2 Atmospheric Extinction Monitoring in Urban Areas 33
John V. Molenar

1A3 Methods for Real Time, In Situ Measurement of Aerosol Light Absorption 45
Hans Moosmüller, W. Patrick Arnott and C. Fred Rogers

v



1A4 CASTNet Visibility Implementation and Status 57
E. Gardner Evans

1A5 Remote Field Observations of Meteorology and Air Quality: A Network 68
Approach Towards Global Change Assessment
Lucinda Smith, Allen Riebau, Michael Sestak, Jerry Hummel, and John Qu

Session 1B: Regional and Spatial Patterns
Peter H. McMurry, Session Chair

1B1 Enhancements to Modeled Profiles of Aerosol Optical Properties 83
Dennis M. Garvey, Brian Bullard, Glenn B. Hoidale, and Paul A. Hwang

1B2 Statistical Characteristics of Aerosol in Baltic Sea Region 95
Ü. Kikas, A. Mirme, E. Tamm, and T. Raunemaa

1B3 A Statistical Model of a Tropospheric Aerosol for Polar and Mountainous 108
Regions
V.V. Smirnov, V.F. Radionov, and U. Leiterer

1B4 Considerations in the Assessment of Canadian National Visibility 109
R.M. Hoff, L. Guise-Bagley, K.J. Puckett, and K. Macdonald

1B5 Examination of the Spatial Variability of Visibility in the Lower Fraser 113
Valley, B.C.
S.C. Pryor, R. Simpson, L. Guise-Bagley, R. Hoff, S. Sakiyama, and D. Steyn

1B6 Regional Patterns of Selenium and Other Trace Elements in the 125
IMPROVE Network
Robert A. Eldred, Thomas A. Cahill, and Patrick J. Feeney

1B7 Spatial and Temporal Patterns in Particle Data Measured During the 137
MOHAVE Study
Kristi A. Gebhart and William C. Malm

1B8 The Vertical Dimension of the Project MOHAVE Summer Intensive 164
Carlo M. Rozzi, Robert J. Farber, and John Watson

1B9 The Dallas-Fort Worth Winter Haze Project: Objectives, Approach, and 183
Initial Findings
Charles E. McDade and Ivar H. Tombach

vi



1B10 Blowing Dust Across the Texas High Plains: Spatial and Temporal 194
Variability
Richard E. Peterson, Scott A. Bernier, and James M. Gregory

Session 1C: Part I - Determination of Optical Depth or Albedo
L. Willard Richards, Session Chair

1C1 Aerosol Measurements and Optical Extinction in the Marine Boundary Layer 209
A.D. Clarke and J.N. Porter

1C2 Boundary Layer Aerosols Measured by Differential-Altitude Solar Radiometry 227
Nels R. Larson

1C3 Aerosol Optical Depth Over Canada and the link with Synoptical Air 233
Mass Types
A. Smirnov, N.T. O’Neill, A. Royer, A. Tarussov, and B. McArthur

1C4 Experimental Evaluation of Atmospheric Aerosol Turbidity in Different 234
Atlantic Regions
Inna N. Plakhina and Sergey M. Pyrogov

Session 1D:  Part II - Determination of Optical Depth or Albedo
Antony D. Clarke, Session Chair

1D1 Measurement of the Seasonal and Annual Variability of Total Column 247
Aerosol in a Northeastern U.S. Network
J.J. Michalsky, J.A. Schlemmer, Nels R. Larson, L.C. Harrison,
William E. Berkheiser III, and Nels S. Laulainen

1D2 Ground-Based Remote Sensing of Atmospheric Aerosol Optical Properties 259
in Sydney, Australia
Gail P. Box and Michael A. Box

1D3 Daily Variation of the Vertical Aerosol Optical Depth and the Horizontal 265
Extinction Coefficient of the Atmospheric Aerosol at a Rural Location in
Southern Europe
F. Esposito, H. Horvath, F. Romano, and C. Serio

1D4 Intercomparing Parametric and Non-Parametric Inversion Methods to 277
Retrieve Aerosol Size Distribution
U. Amato, D. DiBello, F. Esposito, F. Romano, and C. Serio

vii



Topic 2.  Atmospheric Optics
Warren H. White and Graeme L. Stephens, Topic Co-Chairs

Session 2A:  Climate and Aerosols
Warren H. White, Session Chair

2A1 Parameterization of Mineral Dust Particle Sizes and Their 293
Radiative Properties for Climate Impact Studies
Ina Tegen and Andrew A. Lacis

2A2 Solar Radiation Attenuation by Aerosol in the Turbulent Atmosphere 305
G.M. Teptin and L.V. Morozova

2A3 Shortwave Radiative Effects of Aerosols: Accounting for Their Variability 306
Michael A. Box and Thomas Trautmann

Session 2B:  Visibility and Extinction
Edward S. Macias, Session Chair

2B1 Examining the Relationship Between Atmospheric Aerosols and Light 313
Scattering and Extinction in the Grand Canyon Area
William C. Malm, John V. Molenar, Robert A. Eldred, and James F. Sisler

2B2 Comparison Between Optical Measurements of Extinction and Measurements 327
of Absorption and the Impact on Light Extinction Budgets
James F. Sisler and William C. Malm

2B3 Relationship Between IMPROVE Parameters, Aerosol-Modified Albedo, 328
and Climate Forcing
Kirk A. Fuller, Graeme L. Stephens, William C. Malm, Robert G. Flocchini, and
Thomas A. Cahill

2B4 Sensitivity of Direct Climate Forcing by Atmospheric Aerosols to Aerosol 339
Size and Composition
Christodoulos Pilinis, John H. Seinfeld, and Spyros N. Pandis

2B5 Development of a Sectional Approach to Treat Aerosol Size Distributions 340
for Calculations of Optical Properties
Xiaohong A. Wu, Christian Seigneur, and Robert W. Bergstrom

viii



2B6 Comparison of Visibility Algorithms Using a Three-Dimensional Eulerian 341
Aerosol Model
Adel F. Hanna, Francis S. Binkowski, and Uma Shankar

2B7 Assessing the Relative Contribution of Natural Versus Human Activities 342
to Visibility Impairment in Wilderness
Paulette Middleton, Nels S. Laulainen, Debra Hopkins, and Edward C. Trexler, Jr.

Session 2C:  Radiative Transfer
Kirk A. Fuller, Session Chair

2C1 Measurements of the Ambient Aerosol Size Distribution, Scattering Phase 349
Function and Backscattering Fraction
Y.J. Kaufman, B.M. Holben, L. Remer, A. Gitelson, A. Karnieli,
and T. Nakajima

2C2 LITE: The Lidar In-Space Technology Experiment - The First Results 350
Raymond M. Hoff

2C3 Laboratory Measurements of Polarized Light Scattering by Aerosols 357
H. Volten, M.P. Timmermans, W. Vassen, J.F. de Haan, and J.W. Hovenier

2C4 An Intercomparison of Doubling-Adding and Backward Monte Carlo 366
Radiative Transfer Models for Aerosol Modeling
T.L. Schneider and Kirk A. Fuller

2C5 Multiple Scattering of Radiation and Determination of Particle Structure 378
and Ozone Concentration
Miroslav Kocifaj

2C6 Modelling the Influence of Aerosol on the Observed UV Spectrum 390
F. Kuik, W.M.F. Wauben, and P. Stammes

2C7 The Absorption and Scattering of Optical Radiation by Crystalline Cloud 391
Alexander G. Petrushin

ix



Topic 3.  Atmospheric Aerosols
Barry L. Huebert and Sonia M. Kreidenweis, Topic Co-Chairs

P5 State of the Science Overview 403
The Whitehouse Effect:  Shortwave Radiative Forcing of Climate by
Anthropogenic Aerosols
Stephen E. Schwartz

Session 3A:  Hygroscopic Aerosols
Barry L. Huebert, Session Chair

3A1 Atmospheric Visibility and Processes on Mixed Aerosol Particles at Variable 413
Humidity: New Approach
V. Ye. Smorodin

3A2 Atmospheric Aerosol Particles: Their Hygroscopic Properties, Heterogeneous 414
Chemistry and Optical Properties
R. Dlugi, G. Brunnemann, W. Seidl, G. Roider, K. Ruoss, G. Hänel,
and H. Sievering

3A3 Experiments with Axial Flow Diffusion Chamber and Theory of Nucleation 415
Michael P. Anisimov

3A4 Contribution of Aerosol Water Content to Radiation Transfer in the Marine 416
Boundary Layer During MAGE/ASTEX
Y. Kim, H. Sievering, D. Wellman, and A. Pszenny

3A5 The Need for Aerosol Observations to Validate Models 420
Barry J. Huebert

Session 3B:  Sulfate Aerosols
Sonia M. Kreidenweis, Session Chair

3B1 The Pacific ‘93 Experiment: Aerosol Speciation Measurements in the 429
Vancouver Urban Area and the Development of a Hydroscopic Index
L.F. Guise-Bagley, Raymond M. Hoff, H.A. Wiebe, and S. Sakiyama

3B2 The Formation of Sulfate and Nitrate During Winter Inversion Fogs in 437
Cache Valley, Utah
N.F. Mangelson, L.B. Rees, Laura Lewis, Jyothi M. Joseph, W. Cui,
J. Machir, Delbert J. Eatough, T.D. Wilkerson, and Don T. Jensen

x



3B3 Gas-Particle Distribution, Neutralization and Size of Sulfate, Nitrate and 445
Carbon in the Southwestern Desert Aerosol
Barbara J. Turpin, Pradeep Saxena, George Allen, Petros Koutrakis,
Peter H. McMurry, and Lynn Hildemann

3B4 Analyses of Sulfur Aerosol Size Distributions for a Forty Day Period in 448
Summer, 1992 at Meadview, AZ
Marc Pitchford and Mark C. Green

3B5 Seasonal Variations in Aerosol Acidity Estimated from IMPROVE Data 469
Derek Day, William C. Malm, and Sonia M. Kreidenweis

Session 3C:  Organic Aerosols
Sonia M. Kreidenweis, Session Chair

3C1 Fine Particulate Organic Material at Meadview During the Project MOHAVE 479
Summer Intensive Study
W. Cui, J. Machir, Laura Lewis, Norman L. Eatough, and Delbert J. Eatough

3C3 Summertime Chemical Extinction Budgets in California’s San Joaquin 491
Valley and the Mojave Desert
Judith C. Chow, John G. Watson, Frank DeVita, Douglas L. Lowenthal,
L. Willard Richards, and Paul A. Solomon

Topic 4.  Joint Session Between Optics and Aerosols
Sonia M. Kreidenweis and Kirk A. Fuller, Topic Co-Chairs

Session 4A:  Chemistry and Physics of Single Particles
Kirk A. Fuller, Session Chair

4A1 Absorption Cross Sections and Mueller Matrices of Sulfate/Soot 497
Composite Particles
Kirk A. Fuller

4A2 Optical and Thermodynamic Properties of Atmospheric Sulfate and 509
Nitrate Aerosols
I.N. Tang and H.R. Munkelwitz

4A3 In-Situ Analysis of the Chemical Composition of Single Aerosol Particles 518
D.M. Murphy and D.S. Thomson

xi



4A4 In Situ Refractive Index Measurement of Soot Particles in a Flame Using 520
Optical Depolarization
N. Lu and C.M. Sorensen

4A5 A Spectroscopic Tour Through the Aerosol Interface - Detailing Chemical 521
Reactivity by Monitoring the Molecular Structure
J.-X. Zhang, D. Aiello, P. Woods, P. Moortgat, J. Busche, M. Nichols,
and P.M. Aker

4A6 Experimental and Theoretical Light Scattering Profiles from Spherical and 529
Non-Spherical Particles
E. Hirst and P.H. Kaye

Session 4B:  Aerosol-Cloud Interactions
Cynthia H. Twohy, Session Chair

4B1 Aerosol-Cloud Interactions: Implications Derived From Investigations of 533
Ship Effects in Marine Clouds
Philip A. Durkee, Kurt E. Nielsen, and Charles Skupniewicz

4B2 Measurement of Condensed Water Content in Clouds Using an Airborne 534
Counterflow Virtual Impactor
C.H. Twohy, A.J. Schanot, M.L. Laucks, T.L. Anderson, and R.J. Charlson

4B3 Experiments with Evaporating and Condensing Droplets Consisting of 535
Water and Sulfuric Acid to Study Basic Phenomena in Contrail Formation
Norbert Roth, Klaus Anders, and Arnold Frohn

4B4 Characterizing the Interaction Between Ship Emissions and Marine Cloud 538
Condensation Nuclei Through Airborne Measurements
Lynn M. Russell, Mark R. Stolzenburg, Ronald J. Ferek, Richard C. Flagan,
and John H. Seinfeld

Topic 5.  Atmospheric Dynamics
John G. Watson and Roger A. Pielke, Topic Co-Chairs

Session 5A:  Source Receptor Relationships
Judith C. Chow, Session Chair

5A1 Analysis of Sulfur Data from the MOHAVE Study Using the Differential 543
Mass Balance Model
Chen-Tuo Liao, Eileen Brown, William C. Malm, and Hariharen K. Iyer

xii



5A2 Source Apportionment of Project MOHAVE Airborne Particle Sulfur Data: 556
A Receptor Model for Secondary Species
Ronald C. Henry

5A3 Chemical Mass Balance Model with Fractionation: An Application to 567
Los Angeles
Howard M. Liljestrand and Melanie L. Sattler

5A4 The Monte Carlo Model: PC - Implementation 578
Bret Schichtel and Rudolf Husar

5A5 Survey and Evaluation of Source Profiles for Visibility Studies 600
John G. Watson and Judith C. Chow

Session 5B:  Roles of Emissions, Transport, and Transformation on
Visibility in the Southwest
Mark C. Green, Session Chair

5B1 Emissions Inventory Results for Estimating Visual Air Quality in the 603
Golden Circle
Ronald J. Dickson, William R. Oliver, Edmund L. Dickson,
and Venus M. Sadeghi

5B2 Multiple Linear Regression Model in Decoupling the Long-Term Effect of 620
Meteorology on Visual Range in the Western United States
Yahya Golestani

5B3 Clean Air Corridors:  A Geographic and Meteorologic Characterization 632
Mark C. Green and Kristi A. Gebhart

5B4 The Relationship Between Atmospheric Transport and the Particle Scattering 652
Coefficient at the Grand Canyon
Jonathan D.W. Kahl and Desong Liu

5B5 Assessment of the Interannual Variation in Source-Receptor Relationships 662
Pertinent to Regional Transport to the Grand Canyon and the Colorado Plateau
Douglas A. Latimer

xiii



5B6 The Validation of the RAMS/NGM Meteorological Fields Used in the 663
MOHAVE Field Study
Roger A. Stocker, Marek Uliasz, and Roger A. Pielke

5B7 The Impact of Climatological Variability on Visibility Impairment Distributions 681
Edward C. Trexler, Jr. and Jack D. Shannon

5B8 Source-Receptor Relationships for Visibility on the Colorado Plateau - 693
I.  Modeling Approach
Akula Venkatram, Prakash Karamchandani, Prasad Pai, and Pradeep Saxena

5B9 Clear Air at Class I Areas in the Western U.S.:  Role of Emissions, 721
Transport, Dispersion, and Chemistry
William E. Wilson and Sharon LeDuc

Session 5C:  Air Quality Visibility Models
Christian Seigneur, Session Chair

5C1 A First Climatology of Environmentally Significant Cloud Systems in the 725
Mt. Mitchell State Park
T.P. DeFelice

5C2 A Source-Oriented Model for Air Pollution Effects on Visibility 737
Annmarie Eldering and Glen R. Cass

5C3 Numerical Modeling of Marine Aerosol Dynamics 756
James W. Fitzgerald and Fred Gelbard

5C4 Modeling Wind and Relative Humidity Effects on Air Quality 757
James M. Gregory, Richard E. Peterson, Jeffery A. Lee, and Gregory R. Wilson

5C5 An Analysis of the Denver Brown Cloud Studies from the Perspective of 767
Model Assessment Needs
William D. Neff

5C6 Formulation of a Second-Generation Plume Visibility Model 775
Christian Seigneur, Xiaohong A. Wu, Robert W. Bergstrom, Ian Sykes,
Akula Venkatram, and Prakash Karamchandani

5C7 Diurnal Aerosol Study Over the WSMR Basin 787
Jill Thompson, Frank Eaton, Raul Gonzales, and Dennis M. Garvey

xiv



Topic 6.  Atmospheric Science as Applied to Societal Issues
Steven L. Rhodes and Ronald C. Henry, Topic Co-Chairs

6A1 Economic Benefits of Improvements in Visibility: Acid Rain 791
Provisions of the 1990 Clean Air Act Amendments
Lauraine G. Chestnut, Robin L. Dennis, and Douglas A. Latimer

6A2 Human Visual Sensitivity to Plumes: An Empirical Model to 803
Predict Probability of Detection and its Potential for Application
David M. Ross, William C. Malm, and Hariharan K. Iyer

6A3 Determining Existing Visibility Impairment in the Mt. Zirkel Wilderness 823
Area
Daniel W. Ely

6A4 Aerosols and Visibility at Lake Tahoe 835
John V. Molenar, David L. Dietrich, D. Scott Cismoski, Thomas A. Cahill,
and Paul H. Wakabayashi

Posters

1E: Instrumentation (gas; gas and particle)

1EP1 Nitrate Loss From Teflon Filters 851
Robert A. Eldred, Thomas A. Cahill, Thomas Pimienta, and L. Kent Wilkinson

1EP2 Determination of SOx and SAS Particles and FTotal as Endemic Tracers of 863
SOx Using Annular Diffusion Denuder and High Volume Impactor Sampling
Systems During Project MOHAVE
Norman L. Eatough, Michele Eatough, Jyothi M. Joseph, Fern M. Caka,
Laura Lewis, and Delbert J. Eatough

1EP3 Ten-minute, Low Parts-Per-Trillion Field Measurements of Sulfur Dioxide 873
Near the South Rim of the Grand Canyon
David E. Schorran, Robert E. Keislar, and Douglas R. Lawson

xv



1F:  Instrumentation (particle)

1FP1 Aerosol Sampler Design for the CASTNet Visibility Program 877
Eric S. Edgerton and E. Gardner Evans

1FP2 Comparison Between PM10 and PM2.5 Aerosols in the IMPROVE Network 878
Robert A. Eldred, Thomas A. Cahill, Patrick J. Feeney, and Robert G. Flocchini

1FP3 Development of SMART Sampling Systems 890
Robert Matsumura, Thomas A. Cahill, Kenneth Bowers, Mark Van de Water,
and Tim Essert

1FP4 A Portable Station for Monitoring Atmospheric Aerosols 897
V.V. Smirnov, A.V. Savchenko, M.B. Anipko, and A.A. Pronin

1G:  Instrumentation (optical properties)

1GP1 Design and Field Operation of the Optec NGN-2 905
Ambient Nephelometer
D. Scott Cismoski, David L. Dietrich, and John V. Molenar

1GP2 Atmospheric Aerosol Scattering Coefficients from a Multi-Channel 922
Integrating Nephelometer
I. Colbeck and S.A.P. Nyeki

1GP3 Spatial and Temporal Characterization of Aerosol Physical, Optical, and 923
Chemical Properties in Central Europe
R. Dlugi, G. Brunnemann, G. Hänel, L. Kins, E. Köhler, K. Reußwig,
K. Ruoss, G. Roider, W. Seidl, and A. Petzold

1GP4 Comparability of Aerosol Scattering Measurements Made with Heated and 924
Unheated Nephelometers
Eric S. Edgerton and E. Gardner Evans

1H:  Measurement Summaries

1HP1 Salmon National Forest Five Year Air Monitoring Program 927
Gary L. Jackson

1HP2 PM10 and Visibility Air Quality Monitoring Projects at White Sands 928
Missile Range, New Mexico
George M. Mathews, Jr.

xvi



1HP3 Mapping Winter Haze Episodes in the Dallas-Fort Worth Area 938
Charles E. McDade, Ivar H. Tombach, Ronald D. Morrison,
and David C. Grossman

1HP4 Visibility on the Colorado Plateau: The Chemical Composition of the 948
Haze and the Impact of Alternative Carbon Formulations
James F Sisler

1BP5 Project MOHAVE Aerosol Measurements: A Characterization of the Haze 949
and Its Chemical Composition
James F. Sisler and William C. Malm

2A:  Climate and Aerosols

2AP1 Optical Control of Aerosol Atmosphere Pollution Level 953
Michael P. Anisimov, G.S. Nasekin, and L V. Samokhvalov

2AP2 Optical Albedo of the United States from Size-Resolved Aerosol Data 954
Thomas A. Cahill, Robert A. Eldred, Robert G. Flocchini, R.R. Richards,
B. Weare, and J. Zubillaga

2AP3 Regional Aerosol Climatology: Concepts and Results 961
R. Dlugi, G. Brunnemann, L. Kins, A. Ruggaber, G. Roider, K. Ruoss,
W. Seidl, M. Zelger, K. Reußwig, E. Köhler, D. Kohler,
B. Liepert, and T.L. Anderson

2B:  Visibility and Extinction

2BP1 Error Modeling in an Image Processing System for Visual Air Quality 965
Simulation
Yahya Golestani, Christopher E. Johnson, and John V. Molenar

2BP2 Characteristics of the Tucson Winter Haze 966
Steven L. Heisler, Ivar H. Tombach, John G. Watson, Judith C. Chow,
and Thomas Moore

2BP3 Applications of CCD Imaging to Visibility Perception Studies 975
Ronald C. Henry

xvii



2BP4 Visual Air Quality Simulation Techniques 976
Christopher E. Johnson

2BP5 Examining the Potential Benefits of Utilizing Mechanistic Aerosol Models 977
to Replace Independent Scattering Efficiency Models for Visibility
Assessment Applications
Paulette Middleton, Nels S. Laulainen, Debra Hopkins, and Edward C. Trexler, Jr.

2C:  Radiative Transfer

2CP1 Using the Multiple Scattering Theory for Calculation of Radiation 983
Fluxes from Experimental Aerosol Data
Miroslav Kocifaj and J. Luká�

3A:  Hygroscopic Aerosols

3AP1 Nucleation Rate Surfaces 989
Michael P. Anisimov, K.M. Anisimov, and P.E. Wagner

3AP2 The Influence of Trace Contamination Quantities on Aerosol 990
Photochemical Formation Processes
V.B. Mikheev

3AP3 Brownian Co-Condensation of Heavy Trace Molecules on Atmospheric 991
Aerosol Droplets in a Presence of Water Vapor
Marek A. Sitarski

3AP4 Experimental Studies of the Behavior of Atmospheric Aerosol Particles 992
at Different Humidities
Saulius Trakumas, Arvydas Juozaitis, Gediminas Mainelis, Aloyzas Girg�dys,
and Vidmantas Ulevi�ius

3AP5 Haze and Aerosol Transport at the Grand Canyon 998
Luis A. Vasconcelos, Edward S. Macias, and Warren H. White

xviii



3B:  Sulfate Aerosols

3BP2 Assessing the Relative Contribution of Biogenic and Fossil Processes 1011
to Visibility Scattering Aerosols Found in Remote Areas:
Near-Term Organic Research Program
Nels S. Laulainen and Edward C. Trexier, Jr.

3C:  Organic Aerosols

3CP1 The Formation of Sulfate in the Desert Southwest During Project MOHAVE 1017
Fern M. Caka, Laura Lewis, Delbert J. Eatough, and Norman L. Eatough

3CP2 Lidar, Nephelometer and In-Situ Aerosol Experiments in Southern Ontario 1028
Raymond M. Hoff, L.F. Guise-Bagley, H.A. Wiebe, R. Staebler, J. Brook,
T. Duisterdink, and B. Georgii

3CP3 Chemical States of Sulfate at Shenandoah National Park During the Summer 1034
Thomas A. Cahill, Paul H. Wakabayashi, and Teresa A. James

4A:  Chemistry and Physics of Single Particles

4AP1 A Real-Time Monitoring System for Airborne Particle Shape and 1049
Size Analysis
P.H. Kaye, K. Buckley, E. Hirst, S. Saunders, and J.M. Clark

4AP2 On the Generalized Theory of Atmospheric Particle Systems 1050
Part III. Fractal Geometry of Atmospheric Particles
Yangang Liu, David L. Mitchell, and W. Patrick Arnott

4AP3 Computations of Photophoretic Force on Micro-Heterogeneous 1060
Droplets in a Thermal Radiation Field
Marek A. Sitarski

4B:  Aerosol-Cloud Interactions

4BP1 Some Recent CCN Spectral Measurements at Palmer Station, Antarctica 1063
T.P. DeFelice

4BP2 A Parameterization of Aerosol Activation 1066
Steven J. Ghan, Catherine C. Chuang, and Joyce E. Penner

xix



4BP3 Anthropogenic vs. Natural Clouds and Cloud Condensation Nuclei 1074
James G. Hudson

5A:  Source Receptor Relationships

5AP1   Methylchloroform Transport to the Colorado Plateau: 1077
Implications for Visibility Degradation
Catherine F. Cahill, Robert E. Keislar, Douglas R. Lawson,
David E. Schorran, Patricia A. Walsh, and Mark C. Green

5AP2 Regional Source Profiles of Sources of SOx at the Grand Canyon 1089
During Project MOHAVE
Delbert J. Eatough, A. Du, Jyothi M. Joseph, Fern M. Caka, B. Sun,
Laura Lewis, N.F. Mangelson, Michele Eatough, Norman L. Eatough,
Robert J. Farber, and John G. Watson

5AP3 Source Attribution and Statistical Summary of Data Measured 1098
at Grand Canyon National Park During 1989-1991
Kristi A. Gebhart and William C. Malm

5AP4 Estimation of Emission Rates in Mexico by Receptor Modeling 1125
Kristi A. Gebhart and William C. Malm

5AP5 Source Apportionment of Airborne Particle Sulfur in Western 1143
Washington State: A Test of Multivariate Spatial Receptor Modeling
Ronald C. Henry

5AP6 Source Apportionment of Secondary Aerosols and Light Extinction 1153
Using Receptor Modeling Techniques
William C. Malm and Kristi A. Gebhart

5AP7 Wintertime Source Contributions to Light Extinction in Tucson, AZ 1187
John G. Watson, Judith C. Chow, E. Fujita, Z. Lu, Steven L. Heisler,
and Thomas Moore

5B:  Roles of Emissions, Transport, and Transformation on Visibility in the Southwest

5BP1 Summer Transport Patterns Affecting the Mohave Power Project Emissions 1191
Robert J. Farber, Thomas E. Hoffer, Mark C. Green, and Patricia A. Walsh

xx



5BP2 Source-Receptor Relationships for Visibility on the Colorado Plateau - 1215
II. Development of Meteorological Fields
Prasad Pai, Prakash Karamchandani, and Akula Venkatram

5BP3 Source-Receptor Relationships for Visibility on the Colorado Plateau - 1223
III. Transfer Matrices
Parkash Karamchandani, Prasad Pai, and Akula Venkatram

5BP4 Numerical Modeling of Air Pollution Transport in the 1229
Southwestern United States
Marek Uliasz, Roger A. Stocker, and Roger A. Pielke

5C:  Air Quality Visibility Models

5CP1 DAQM-Simulated Spatial and Temporal Differences Among Visibility, 1243
PM10 and Other Air Quality Indicators Under Realistic Emission
Change Scenarios
Paulette Middleton

5CP2 An Integrated Air Quality Modeling System for Estimating Effects 1247
on Visibility
John C. Vimont

6:  Atmospheric Science as Applied to Societal Issues

6AP1 A Psychological Approach to the Economic Valuation of Public Goods 1251
Paul A. Bell, George L. Peterson, Thomas C. Brown, Daniel W. McCollum,
Andrej A. Birjulin, and Andrea Clarke

6AP3 Natural Scene Haze Memory: The Ability of Human Observers to 1261
Accurately Recall Incremental Changes in Uniform Haze
David M. Ross, Chen-Tuo Liao, William C. Malm, and  Hariharan Y. Iyer

6AP4 Clean Air Corridors: A Conceptual and Functional Definition 1266
Christine S. Sloane, Perry J. Sampson, Warren H. White, and William C. Malm

Subject Index 1271

Author Index 1286

xxi



 
Acknowledgments

The following organizations have provided financial support to the conference:

Brigham Young University

Geneva Steel

PacifiCorp

U.S. Department of Energy

Electric Power Research Institute

Southern California Edison

USDI - National Park Service

USDI - Forest
Service

International Science Foundation

Appreciation is expressed to Becky Armstrong,
Natalie Lucero, and Tamary Shoemaker

for their assistance in preparing
the abstract book and conference proceedings.

Printing of the proceedings books was provided courtesy of Southern California Edison
is gratefully acknowledged.

xxiii



Conference Committees

Technical Program Co-Chairs
William C. Malm, USDI - National Park Service

Peter K. Mueller, EPRI

General Conference Chair
Delbert J. Eatough, Brigham Young University

Exhibition Chair
Joseph A. Martone, CH2M Hill

Technical Program Committee
Scott Archer, USDI - Bureau of Land Management

Prem Bhardwaja, Salt River Project
Ronald C. Henry, University of Southern California

Helmuth Horvath, Institut für Experimentalphysik der Universität Wien
Sonia M. Kreidenweis, Colorado State University

Peter H. McMurry, University of Minnesota
Roger A. Pielke, Colorado State University

Marc L. Pitchford, NOAA/U.S. EPA
Steven L. Rhodes, NCAR

L. Willard Richards, Sonoma Technologies,  Inc.
Graeme L. Stephens, Colorado State University

John G. Watson, Desert Research Institute
Warren H. White, Washington University

Local Arrangements Comniittee
Judie Eatough, Brigham Young University

Nolan F. Mangelson, Brigham Young University
David W. Mills, PacifiCorp

Tamary Shoemaker, Brigham Young University
LaRell K. Smith, Brighain Young University

Visibility Committee (AB-6)
Warren White, Chair

Chuck McDade, Vice Chair
Robert Farber, Secretary

xxiv



Topic Chairs

1.  Field Observations
Peter H. McMurry

L. Willard Richards

2.  Atmospheric Optics
Warren H. White

Graeme L. Stephens

3.  Atmospheric Aerosols
Barry L. Huebert

Sonia M. Kreidenweis

4.  Joint Session Between Optics and Aerosols
Sonia M. Kreidenweis

K. A. Fuller

5.  Atmospheric Dynamics
John G. Watson
Roger A. Pielke

6.  Atmospheric Science as Applied to Societal Issues
Steven L. Rhodes
Ronald C. Henry

Particulate Committee (AB-1)
Steve Heisler, Chair

Delbert Eatough, Vice Chair and Secretary

Great Basin Chapter
Joseph Martone, Chair

David W. Mills, Vice Chair
Howard Saxion, Secretary

Paul Scott, Treasurer

Rocky Mountain States Section
Sharleen Pendergrass, Chair
David Holstein, Vice Chair

Jennifer Grinspoon, Secretary
David Gaige, Treasurer

W. Gale Biggs, Membership

xxv



List of Exhibitors

Air Resource Specialists, Inc. (Fort Collins, CO)
Professional consulting and support services in air quality monitoring, modeling and analysis.

ENSR Consulting & Engineering (Camarillo, CA)
Advanced atmospheric modeling and field research studies.  Display involved operating IBM
RISC-6000 workstation.

Rupprecht & Patashnick Co, Inc. (Albany, NY)
TEOM Series 1400A Ambient Particulate Monitor and Partisol Model 2000 Air Sampler, both
for measurement of PM-10, 2.5 & TSP.  Both are U.S. EPA approved.  Also, the 5400
Atmospheric Carbon Particulate Monitor.

TSI Incorporated, Particle Instrument Division (St Paul, MN)
New high-sensitivity integrating nephelometer, condensation particle counters, and particle shape
analyzer for atmospheric aerosol measurement and climate research.

URG Corporation (Carrboro, NC)
Outdoor/indoor ambient air sampling instruments for acid aerosols (2.5 µm cut), organic and
inorganic.  Versatile air pollutant sampler (10 µm cut and 2.5 µm cut).  Annular denuders,
sampling pumps, filter packs, cyclones.

xxvii



 
PREFACE

The conference proceedings is meant to be a complete record of the papers presented; however, the
papers have not been peer reviewed.  In some cases, the proceedings include complete draft
manuscripts; in other cases, only an extended abstract and the visuals used at the conference are
presented.  The table of contents is a road map not only to the conference proceedings, but also to
the order in which the papers were presented.

For those authors that chose to publish their papers in a peer-reviewed journal format, arrangements
were made with the Air & Waste Management Association and the American Geophysical Union
for publication in special editions of their respective journals: Journal of Air & Waste Management
Association and Journal of Geophysical Research.  The technical co-chairs were appointed as guest
editors for these journals.

The conference was organized around the interaction of radiation with aerosols and the resulting
effect on visibility and global climate.  Visibility has been of concern for many years, especially to
the military where the ability to see a target was of vital importance.  However, visibility in terms
of the ability to clearly see landscapes and urban features has evolved as a critical issue in recent
years.  Every three to four years beginning in 1981, a visibility specialty conference has focused on
issues pertaining to understanding how natural and manmade emissions impair our ability to see and
appreciate the environment around us.  These conferences have not only addressed the interaction
of light with the atmosphere, but have also addressed the chemistry and physics of aerosol transport,
transformation, and deposition.  Because visibility involves the “seeing” and appreciating of urban
or rural “vistas,” a portion of the conferences have always focused on the perceptual nature of the
interaction between the human visual system and the visual environment, as well as on the value the
human observer places on good visibility.

[NOTE: APCA sponsored an earlier Visibility Speciality Conference “View on Visibility –
Regulatory and Scientific” in Denver, Colorado, on November 26-27, 1979] 

More recently, global climate change has emerged as a societal concern.  The role of aerosols on
radiative balance and hence its effect on climate change is now recognized as an important area of
global climate research.  Radiative balance requires an understanding of how electromagnetic energy,
including visible radiation or light, interacts with the atmosphere.  As in the field of visibility, it is
necessary to understand how particles and gases are formed and transported as a function of
meteorology and emissions, and how these constituents absorb and scatter or redirect radiation from
the incident direction.

Because research on visibility and global climate change have evolved somewhat independently of
each other, scientists in their respective communities, although aware of one another’s work, have
not consistently had the opportunity to exchange information on a detailed level.  It was felt that a
forum was needed to facilitate the open exchange of ideas and research results involving scientists
from both fields.  Therefore, a conference was organized around the general topics of aerosols and
atmospheric optics as they relate to radiative balance and visual air quality.

The resulting International Specialty Conference, “Aerosols and Atmospheric Optics: Radiative
Balance and Visual Air Quality,” was held September 26-30, 1994 at Snowbird, Utah, and was
cosponsored by the Air & Waste Management Association and the American Geophysical Union.
Snowbird, nestled high in the Wasatch Mountain Range, was an ideal location to report on the
relationships between aerosols and atmospheric optics.  The conference Technical Program Co-
chairs were  William C. Malm  of the  USDI-National Park Service  and  Peter K. Mueller  of the
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Electric Power and Research Institute, while the Program Chair was Delbert J. Eatough of
Brigham Young University.  More than 150 papers were submitted to the conference, with
approximately 125 papers presented.

The conference was unique because it brought together scientists from many nations.  Russia was
well represented, with eight scientists and nine papers.  Other countries and their representation were
as follows: Canada, with four scientists and five papers; Australia, with two scientists and two
papers; Estonia, with one scientist and one paper; Germany, with one scientist and one paper;
Austria, with one scientist and one paper; England, with one scientist and two papers; Iran, with one
scientist and one paper; The Netherlands, with two scientists and two papers; Italy, with one scientist
and two papers; and Mexico, with four scientists present.

The conference was organized to cover five primary topics, each supported by sessions on key
aspects and with an overview lecture by knowledgeable scientists in their respective areas.  The
topics were to be fundamental to the interests of both the visibility and global climate communities.
The conference topics evolved into six major topics: 1) Field Observations, with Topic Co-chairs
Peter H. McMurry and L. Willard Richards, and Session Chairs Peter K. Mueller, Peter H. McMurry,
L. Willard Richards, and Antony D. Clarke; 2) Atmospheric Optics, with Topic Co-chairs Warren
H. White and Graeme L. Stephens, and Session Chairs Warren H. White, Edward S. Macias, and
Kirk A. Fuller; 3) Atmospheric Aerosols, with Topic Co-chairs Barry L. Huebert and Sonia M.
Kreidenweis, and Session Chairs Barry L. Huebert and Sonia M. Kreidenweis; 4) a Joint Session
between Optics and Aerosols, with Topic Co-chairs Sonia M. Kreidenweis and Kirk A. Fuller, and
Session Chairs Kirk A. Fuller and Cynthia Twohy; 5) Atmospheric Dynamics, with Topic Co-chairs
John G. Watson and Roger A. Pielke, and Session Chairs Judith C. Chow, Mark C. Green, and
Christian Seigneur; and 6) Atmospheric Science as Applied to Societal Issues, with Topic Co-chairs
Steven L. Rhodes and Ronald C. Henry, and Session Chair Ronald C. Henry.  Papers in all sessions
were presented in platform or poster format.

State-of-the-science lectures were presented by Peter H. McMurry and L. Willard Richards on
measurements, Warren H. White and Patrick Minnis on atmospheric optics, Stephen E. Schwartz
on atmospheric aerosols, John H. Seinfeld on atmospheric dynamics, and Ronald C. Henry and
Robert Watson on atmospheric science as applied to societal issues.

The first session under field observations reviewed sampling methodologies and programs.  Several
papers emphasized the need for field observations as ground truth for theoretical models and the
need for well-established data quality goals.

A second session on regional and spatial patterns reported on modeling and characterizing vertical
optical and aerosol profiles, as well as on spatial and temporal patterns associated with a number of
field studies.  A session on determination of optical depth or albedo reported on measurements of
extinction, aerosols, and optical depth over marine and terrestrial environments and introduced new
measurement techniques.

The second topic, atmospheric optics, opened with a session on climate and aerosols.  Discussion
focused on the need for standard conventions for calculating extinction budgets to reduce
ambiguities.  Direct and indirect mechanisms of radiative forcing by atmospheric aerosols were
reviewed, along with current estimates of magnitudes.  A global climate model was used to estimate
the effect of mineral dust on radiative forcing while other discussion centered around the use of
radiative perturbation theory as a tool to parameterize radiative impacts in climate models.  A session
on visibility and extinction highlighted the potential importance of atmospheric absorption and
associated carbonaceous material to atmospheric extinction and albedo.  A visibility equilibrium
model was used to estimate the effect of aerosols on climate, while other discussions addressed the
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effect and calculational accuracy of aerosol size models as they related to optical properties.  Other
papers discussed the three-dimensional modeling of the relationship between aerosols and visibility
effects.  One presentation incorporated a full treatment of dispersion and radiative transfer
calculations to show how a scene is modified using computer imaging techniques.

A session on radiative transfer featured several papers that discussed the relationship between
aerosol size distribution and the scattering phase function.  Papers addressed the need for radiative
transfer algorithms that incorporate an accurate handling of multiple scattering effects.  A paper was
presented on new measurement technologies to measure the full matrix of aerosol and hydrosol
consisting of nonspherical particles.  The influence of aerosols on ground-level irradiance was
discussed, along with the effect of crystalline clouds on scattering and absorption.  One of the more
interesting papers focused on lidar data collected from the space shuttle Discovery.  Results from the
experiment included the mapping of the eye of Typhoon Melissa and observations of smoke plumes
from South American biomass burning and Saharan dust over the Atlantic Ocean.

The third topic was atmospheric aerosols.  The first session, on hygroscopic aerosols, focused on the
effect of mixed aerosols in variable humidity environments on their optical properties.  Experiments
on the theory of nucleation were presented, and the need for aerosol observations to validate models
was emphasized.  A session on sulfate aerosols described recent measurements of chemical
speciation, size distributions, and hygroscopicity of particulate matter with an emphasis on sulfate,
its degree of neutralization, and consequent impact upon light extinction.  Results reported from a
number of field studies re-emphasized the importance of sulfates to extinction, the role of
heterogenous chemistry in sulfate production, and seasonal variations in sulfate characteristics.  They
also indicated the need for better estimates of sulfur speciation and hygroscopicity.  Some critical
sampling needs that were identified included improved size resolved impactor measurements and
elucidation of whether a non-extractable sulfur component exists.

A session on organic aerosols reported on new sampling strategies to minimize sampling artifacts.
Another paper reported on organic measurements in the summer 1990 SJVAQS/AUSPEX study in
California.  In general, the results in this session pointed to the ubiquity of organic compounds in the
atmosphere and their significant role in light extinction.  Strategies for improved understanding of
organic sampling artifacts and for minimizing such artifacts are urgently needed.  There is also a
need for more information on the speciation of particulate organic matter, which would assist in
understanding hygroscopic behavior and scattering/absorption characteristics.

The fourth topic was a joint session between optics and aerosols.  The lead session dealt with the
chemistry and physics of single particles.  Much of our current understanding of the properties of
atmospheric aerosols is based on earlier studies conducted either theoretically or in controlled
laboratory settings, often involving single particles.  In this session, papers representing the state of
the art in particle diagnostics were presented and fell roughly into two categories: 1) investigations
of the optical properties of particles that cannot be completely described by the standard Lorenz-Mie
theory for spheres, and 2) techniques for studying the chemistry and thermodynamics of single
particles.  A second session on aerosol/cloud interactions primarily dealt with how aerosol particles
influence cloud microphysics by acting as cloud condensation nuclei (CCN).  In particular, the
apparent increase in droplet number and decrease in droplet size in marine stratus caused by
particulate emission from ships was discussed.  Other presentations dealt not with stratus clouds but
with upper tropospheric clouds such as contrails and cirrus.  A laboratory technique for studying the
formation of supercooled droplets of ice was introduced, and observations of the condensation of
individual water and sulfuric acid droplets at temperatures down to 233 °K were presented.  Finally,
the feasibility of using the counterflow virtual impactor for measuring condensed water was
demonstrated.
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The fifth topic, atmospheric dynamics, began with a session on source receptor relationships.  A
number of papers focused on the apportionment of extinction, sulfur, and other aerosol species to
their sources in the Grand Canyon region of the southwestern United States, while other papers
examined the application of chemical mass balance modeling for the apportionment of secondary
and primary aerosols.  Two papers examined the use of tracers of opportunity to apportion or identify
source areas that contribute to visibility degradation on the Colorado Plateau.  A personal computer
implementation of a particle transport model was presented.  A second session on the role of
emissions, transport, and transformation on visibility in the Southwest included several papers that
focused on source receptor relationships on or near the Colorado Plateau.  Emission inventories,
variation in regional and mesoscale wind fields as a function of interpolation schemes and first
principal calculations, the effect of climatology on visibility, and clean air corridors were examined.

A final session on air quality and visibility models presented several new models for examining the
effects of relative humidity, marine aerosol dynamics, and diurnal variations.  A second-generation
plume model was presented, along with a new source-oriented model for air pollutant (including
organics) effects on visibility.  Model validation needs were discussed.

The final topic was on atmospheric science as applied to societal issues.  Considerable discussion
centered on the role of the scientist in decision-making processes that affect the society in which we
live.  Decision makers make decisions with or without scientific input.  Therefore, it is imperative
that the scientist become involved in the decision-making process and that the decisions be based
on good science, although it may be incomplete.  Papers examined the level of haze that is just
perceptible, the value people place on visibility as a function of haze, and the adequacy of scientific
information to make a decision.  The results of setting visibility standards at Lake Tahoe were
discussed, and conceptual and functional definitions of clean air corridors were proposed.
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