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APPENDIX A

�INTRODUCTION



Data analysis activities outlined below are organized to answer XX specific questions, that are of interest to scientists and decision-makers and that serve to focus and meet data analysis objectives.  The specific questions given in this data analysis plan can be addressed, at least partially, by the IMS95 database .  These specific questions, in turn, are a subsetsusbset of questions (Watson et. al., 1996) related more generally to understanding the causes of high particulate matter (PM) during all seasons and annually in the San Joaquin Valley of California.  The major questions posed by Watson et. al. in the overall CRPAQS data analysis plan and the reasons they are important are provided in Appendix A.  Review of Appendix A will to allow for an understanding of how the data analysis effort presented here ties into the overall plan for CRPAQS,.  As with all questions relating to environmental concerns, there are few definitive answers..  Data analysis activities are designed to examine the preponderance of evidence, testing the extent to which each question can be quantitatively and confidently resolved.  Where data or analytical tools are likely lacking,  new data acquisition and analysis activities need to be specified for subsequent phases.  Data analysis is designed to be carried out in three phases that correspond to major data acquisition efforts as follows:



Phase 1 analyzes existing data compiled from long-term and special study measurements in central California from 1988 through 1995, and made available via ARB’s network server (engine.arb.ca.gov).  This database includes information from nearly 30 data sets, which are listed in detail in the introduction of the overall data analysis plan.



Phase 2 analyzes data from the 1995 Integrated Monitoring Study’s (IMS95) fall and winter monitoring periods (Solomon et. al. 11996).  The IMS95 study domain extends from just south of Merced to south of Bakersfield and from the coastal mountains to 1000 m elevation in the Sierra Nevada.  These studies included a November 1995 saturation monitoring network in the Corcoran/Hanford area (the fall study) and a December 1995/January 1996 network that included saturation sampling for aerosols and reactive aerosol precursor gas phase species, fog chemistry measurements, high time resolution aerosol measurements, a surface and upper air meteorological measurement network, and a micrometeorological monitoring study.  Immediately after the major portion of winter program in the southern SJV, a short study was conducted in mid January to better understand the dynamics of fog and aerosols in the vertical dimension at a ~ 430 m tower just south of Sacramento in Walnut Grove.  The IMS95 data archive will also include relevant data from existing measurement networks operating during the November and December 1995 intensive measurement periods.  In addition, many of the ARB and SJV Unified Air Pollution Control District monitoring stations were augmented with higher frequency sampling during the November and December field studies.  . The results of these analyses will be presented in a series of presentations, published journal articles, and reports, with the first presentations given in May 1996 at the A&WMA Measurements of Toxic and Related Pollutants Conference and the second in October 1996 at the AAAR Annual Meeting.  Technical Support Study (TSS) data bases, data analysis associated with the TSS, and final reports for the field measurement programs are to be completed by December 1996.  Extended data analysis efforts described within this report are to be completed by December 1997.



Phase 3 analyzes data from future planned studies that are designed around knowledge gaps revealed by the Phase 1 and Phase 2 analyses.  The needs for additional data are defined by the lack of ability to answer specific questions with the existing and IMS95 data sets.  



Throughout this document and the overall plan, the terms PM10 and PM2.5 refer to particle size ranges of less than 10 um aerodynamic diameter (AD) and less than 2.5 um AD (at 50 % collection efficiency), respectively, and the term PM refers to both PM10 and PM2.5 particle size ranges.  The overall plan includes codes for the application of each activity to Existing Data (ED), IMS95 data (IMS95), and New Data (ND).  Of course, theis IMS95 data analysis plan only includes those activitiesactiveties that can be addressed, at least partially, using IMS95 data.  



This plan only presents the specific questions and describes proposed activities for analysis of IMS95 data, but does not provide answers or partial answers to the proposed questions based on the historical analysis.  That information will be available in separate reports by the investigators performing the historical analysis activities.  The IMS95 plan in itself is ambitious, and it is unlikely the IMS95 data will fully answer any of the major questions, and even most of the sub-questions.  The intent of this effort is to provide well defined incremental steps towards answering the major questions or even sub-quesitons, and most importantly, indicating knowledge gaps and recommending future approaches to filling those gaps.

�	�tc "�autonum�DATA ANALYSIS SUB-QUESTIONS AND ACTIVITIES"�DATA ANALYSIS SUB-QUESTIONS AND ACTIVITIES



Data analysis activities are grouped according to the major questions they are intended to answer.   Once again, the following sub-questions and activities only The IMS95 plan, in itself, is ambitious, and it is unlikely the IMS95 data will fully answer any of the major questions, and even most of the sub-questions.  The intent of this effort is to provide well defined incremental steps towards answering the major questions or even sub-questionsquesitons, and most importantly, indicating where knowledge gaps still exist and recommending future approaches to filling those gaps..  The complete set of data analysis questions are given relate to IMS95 data analyses needs and not the overall CRPAQS program.  For the latter see  in Appendix A, only simple headers are given below.  All but Mmajor questions 2.87 and 2.98, as given in Appendix A, cannot be addressed be partially answered using IMS95 data, so they are not part of the IMS95 data analysis plan.  Once again, the following sub-questions and activities only address knowledge gaps where IMS95 data may help to elucidate an answer.Watson et. al. (1996).



Measurement Methods Validation.  How well do PM and aerosol precursor species measurement systems and related laboratory chemical analysis methods quantify mass and chemical component concentrations, including precursor species?  How well do meteorological measurement systems quantify meteorological variables at the surface and aloft?  Should  other variables be measured and do suitable collection and analysis methods exist for those measurements? 

What is the comparability and equivalence among collocated aerosol sampling methods, what are the biases of one instrument with respect to others, and how can these biases be minimized?   

(In progressDRI funded for most tasks, but several added in latest version, May need to augment contract)



Determine the comparability of collocated measurements.  State and justify conclusions regarding:  1) accuracy, precision, and equivalence of different PM measurement methods, and likely causes of differences; 2) validity of 24-hour PM10 compliance concentrations exceeding 150 (g/m3; 3) the utility of hourly surrogates for representing diurnal PM10 and PM2.5 variations, and 4) the validity of continuous or short-term integrated species specific methods.  

(ED, IMS95, ND) �tc "�autonum�	Determine the comparability of collocated measurements.  State and justify conclusions regarding:  1) accuracy, precision, and equivalence of different PM measurement methods, and likely causes of differences; 2) validity of 24-hour PM10 compliance concentrations exceeding 150  g/m3; and 3) the utility of hourly surrogates for representing diurnal PM10 and PM2.5 variations. (ED, IMS, ND). " \l 3�

	Review IMS95 QA/QC methods, procedures, and results to ensure they provide valid measurements and acceptable estimates of precision and accuracy for each monitor employed during IMS95 and supplemental measurements from the existing routine networks.  For PM measurement methods, create a table of collocated particle mass measurements at each site for which they are available, indicating time periods of measurement overlap and the availability of chemical composition.  Include the following sampling methods: 1) Graseby-Andersen SSI; 2) Wedding SSI; 23) Graseby-Andersen dichotomous sampler; 34) R&P Tapered Element Oscillating Microbalance (TEOM); 45) Graseby-Andersen beta attenuation monitor; 56) Sequential Filter Sampler (CADMP, ERT, Oregon); 8) IMPROVE sampler; 69) MRI 1590 heated nephelometer; 710) Graseby-Andersen paper tape sampler (COH); 811) OPTEC unheated nephelometer; 912)  MRI 1590 heated nephelometer; and 1013) Aerometrics portable saturation sampler.  Create scatterplots of PM10 and PM2.5 mass concentrations and calculate linear regression slopes, intercepts, and correlations; average ratios; ratios of averages; propagated precisions; collocated precisions; and distributions of differences for those instruments measuring these parameters (e.g. Mathai et al., 1990� XE "Mathai et al., 1989" �).  Note where there is reasonable comparability and where there is not.  Identify outliers, especially those at high concentrations.  Create a table of samples in which the primary compliance monitor shows a 24-hour standard exceedance, but for which collocated reference measurements show no exceedances of 24-hour standards.  Estimate biases between different types of samplers, and explain those biases in terms of known differences in sampling and analysis methods.  . Identify methods to minimize these biases in future measurements.  Where chemical compositions are available, calculate the weighted sum of species and compare these to mass concentrations.  For hourly surrogate measures (COH, bscat), average these over time periods corresponding to collocated PM2.5 measurements and calculate the same statistics vs. PM2.5 measurements.  Compare other measurements of the same component (e.g. continuous vs. filter ammonia, sulfur dioxide, sulfate and elemental carbon) following the same procedures.  Determine at which sites and under what environmental conditions reliable relationships can be assumed between continuous and integrated measurements, specifically, the surrogates of PM2.5 as well as continuous measurements of mass and chemical species versus integrated filter based measurements.



	State and justify conclusions and assumptions regarding:  1) accuracy, precision, and equivalence of different PM measurement methods, and likely causes of differences; 2) the utility of hourly surrogates for representing diurnal PM10 and PM2.5 variations, and 3) the validity of continuous or short-term integrated species specific methods employed during IMS95.

How adequate and valid are current methods for measuring meteorological variables at the surface and aloft?  

(In New Task -- RFP)



Evaluate the adequacy and validity of surface and upper air meteorological methods.  State and justify conclusions regarding accuracy, precision, validity, and equivalency among methods. 

(ED, IMS95, ND)

	Review past studies (e.g., SJVAQS/AUSPEX, NOAA (Boulder tower), NARSTO North East, IMS95) where surface and upper air measurement systems have been evaluated or where attempts have been made to perform thorough external QA  Where additional analysis of IMS95 data can provide improved estimates of accuracy, precision, validity, and equivalency, perform those analyses.  For example, evaluate the use of sonic anemometers, RASS associated with the profilers, and any improvements that may have occurred with the radar profilers themselves, since the evaluation of the 1990 SJVAQS data by Thuillier (1994X).  Consideration should also be given as to how well these measurement systems perform under stable and stable and foggy conditions.  



	State and justify conclusions and assumptions regarding accuracy, precision, validity, and equivalency among methods. �tc "�autonum�	Determine the comparability of collocated measurements.  State and justify conclusions regarding:  1) accuracy, precision, and equivalence of different PM measurement methods, and likely causes of differences; 2) validity of 24-hour PM10 compliance concentrations exceeding 150  g/m3; and 3) the utility of hourly surrogates for representing diurnal PM10 and PM2.5 variations. (ED, IMS, ND). " \l 3�

Review past studies (e.g., SJVAQS/AUSPEX, NOAA (Boulder tower), NARSTO North East, IMS95) where surface and upper air measurement systems have been evaluated or where attempts have been made to perform thorough external QA.  Review QA/QC methods, procedures, and results to ensure they provide valid measurements.  Evaluate the success of these programs, especially for upper air measurements and indicate precisions and accuracies obtained, if relevant, and clearly state assumptions in obtaining those values.  Where additional analysis can provide improved estimates of accuracy, precision, validity, and equivalency, obtain the databases and compare collocated measurements where instruments of the same type, using the same measurement principle, and ones measuring like variables using different measurement principles (e.g., comparison of rawinsonde vs. radar profilers for WS/WD) were employed.  Compare surface measurements to the lowest layer of the upper air measurements and indicate conditions where these measurements might be expected to compare well (early morning, under cool stable conditions) and where they are likely not to agree.  State and justify the many assumptions needed to make the meteorological comparisons and determine precisions and accuracies that can be used to set uncertainty bounds on the measurements.�tc "�autonum�	Determine the comparability of collocated measurements.  State and justify conclusions regarding:  1) accuracy, precision, and equivalence of different PM measurement methods, and likely causes of differences; 2) validity of 24-hour PM10 compliance concentrations exceeding 150  g/m3; and 3) the utility of hourly surrogates for representing diurnal PM10 and PM2.5 variations. (ED, IMS, ND). " \l 3�

How do changes in sampler inlet characteristics affect PM10 and PM2.5 mass concentrations?  

(RFP)



Calculate sampling efficiencies for different measured particle size distributions relative to inlet sampling effectiveness.  State and justify conclusions regarding: 1) reasons for differences among collocated samplers owing to differences in coarse particle penetration; and 2) optimal, achievable 50% cut-points and slopes to distinguish between condensation, droplet, and coarse particle modes.  

(ED�tc "�autonum�	Calculate sampling efficiencies for different measured particle size distributions relative to and inlet sampling effectiveness.  State and justify conclusions regarding: 1)  reasons for differences among collocated samplers owing to differences in coarse particle penetration; and 2) optimal, achievable 50% cut-points and slopes to distinguish between condensation, droplet, and coarse particle modes (ED [AUSPEX, UCD DEMO], IMS)." \l 3�, IMS95, ND)	

	Create a spreadsheet in which sampling effectiveness curves for inlets used on different PM10 and PM2.5 samplers and impactors that can be combined with different size distributions to calculate sampling efficiencies (Wedding and Carney, 1983��XE "Wedding and Carney, 1983"�; Watson et al., 1983�XE "Watson et al., 1983"� XE "Wedding and Carney, 1983" �; Watson et al., 1983� XE "Watson et al., 1983" �).  Plot sampling efficiency vs. the peak in the coarse particle mode for coarse particle fractions of PM10 that are found in dichotomous samples.  Estimate the maximum and minimum biases to PM10 concentrations that might occur for different sampling effectiveness and size distributions, and explain outliers found in collocated measurements in terms of these biases.  Repeat the analysis for PM2.5 concentrations.  Determine the fraction of the coarse mode that would be sampled using PM2.5 and PM1.0 inlets for different ratios of PM2.5/PM10 and determine if the fraction of coarse particles (specifically soil related) in the fine particle fraction is a sampling artifact or real.  Examine chemically speciated impactor measurements to determine where actual cut-offs are between different sub-modes of the PM2.5 fraction.  Recommend optimal cut-points for further characterization of particle size in future studies.

How much ammonium nitrate is lost in the sampling and analysis?  

(In progressDRI funded for most tasks, but several added in version 3) 



Determine anion/cation balances and compare ammonium and nitrate concentrations on front and backup filters.  State and justify conclusions regarding: 1) the accuracy and validity of ammonium and nitrate sampling methods and 2) the extent to which acidic species have been neutralized in the atmosphere. 

(ED, IMS95, ND)

	Determine anion/cation balances and compare ammonium and nitrate concentrations on front and backup filters.  CalculateCalculate expected ammonium ion concentrations based on assumptions of different mixtures of sodium chloride, sodium nitrate, sulfuric acid, ammonium bisulfate, ammonium sulfate, and ammonium nitrate (Chow et al., 1994� XE "Chow et al., 1994" �)., and plot these against actual ammonium measurements of  3-hr data collected at the IMS95 core sites and 24-hr average data collected at saturation and boundary sites.   (Chow et al., 1994� XE "Chow et al., 1994" �).  Identify and investigate data pairs that are outside of expected ranges.  Determine which samples appear to be neutralized and which appear to contain acidic components, based on the ratios for neutralized sulfate and nitrate compounds.  From measurements using denuder difference sampling and absorbing filter packs, prepare time series plots for each site of:  1) denuder nitrate (gas phase nitrate); 2) front filter nitrate (non-volatilized particulate nitrate); 3) backup nylon filter nitrate (volatilized particle nitrate); 4) ratio of backup nitrate to sum of front and backup nitrate (proportion of volatilized particulate); 5) temperature for humidities <62% and >62%.  Perform the same analysis for the ammonium/ammonia pair, although limited data is available (IMS95).  Verify that these values are physically reasonable by comparing with literature values for ammonium nitrate equilibrium as a function of temperature and relative humidity.  . Estimate the amount of particulate nitrate and ammonium expected to evaporate during sampling as a function of temperature and of sampling site.  Where collocated with routine (existing) compliance monitors, compare nitrate and ammonium collected using compliance monitors with nitrate and ammonium concentrations measured from instruments specifically designed for accurate measurements of nitrate and ammonium.  Quantify nitrate and ammonium losses from routine compliance samples and determine the effects on PM10 concentrations as a function of observed environmental variables (T, RH).  Put results from central CaliforniaIMS95 data into perspective with those found in laboratory tests (e.g., Fitz et al., 1996� XE "Fitz et al., 1996" �) and other field monitoring programs, such as those observed during the Nitrogen Species Intercomparison Study (Hering et al, 1988). 



	State and justify conclusions and assumptions regarding:  : 1) the accuracy and validity of ammonium and nitrate sampling methods and 2) the extent to which acidic species have been neutralized in the atmosphere.

How much organic carbon is lost from samples due to volatilization and how much organic carbon is really due adsorption of vapors on filters? 

(In progressDRI Contract)

  

Examine carbon measured on front and backup filters.  State and justify conclusions about  bias in particulate carbon results due to adsorption of gaseous organic species and due to volatilization of organic particles during sampling.  

(ED, IMS95, ND).�tc "�autonum�	Examine carbon measured on front and backup filters.  State and justify conclusions about  bias in particulate carbon results due to adsorption of gaseous organics and due to volatilization of organic particles during sampling. (ED [AUSPEX, BAAQMD, IMPROVE, VAQS], IMS, ND)." \l 3�

Create scatterplots of front filter organic carbon vs. backup filter carbon.  Compare sums of chemical species with mass with and without backup carbon subtraction.  From detailed organic compound analysis of backup filters, summarize the fractions of what constituents are adsorbed by quartz fiber filter media.  From detailed organic compound analysis of front filters and organic equilibrium models, determine how much semi-volatile organic carbon is likely to volatilize during sampling and storage.  Identify methods, such as denuders and alternative sampling media, that might minimize adsorption and volatilization of organic carbon  Where collocated with compliance monitors where organic carbon is measured, compare organic carbon collected using compliance monitors with organic carbon concentrations measured from instruments specifically designed for accurate measurements of organic carbon.  Estimate organic carbon losses from compliance samples and determine the effects on PM10 concentrations as a function of observed environmental variables (T, RH).  .   Place results from central California measurements in perspective with those found in other areas (e.g. McDow and Huntzicker, 1990�XE "McDow and Huntzicker, 1990"�; Turpin et al., 1994�XE "Turpin et al., 1994"�; Eatough et al., 1992�XE "Eatough et al., 1992"�).  . Are results consistent with those observed during the Carbon Species Intercomparison Study (Lawson et al, 1990).  



State and justify conclusions and assumptions about  bias in particulate carbon results due to adsorption of gaseous organic species and due to volatilization of organic particles during sampling.

Should other components of PM or PM precursors or other meteorological variables be measured and do suitable collection and analysis methods or monitoring systems exist for those measurements?   

(New Task -- RFP)



Review recent literature and interview experts in the field to identify if other PM components, PM precursors, and/or meteorological variables should be measured.  State and justify conclusions regarding use of additional or alternate methods and indicate how the measurement should improve our understanding of aerosol formation.   

(ED, IMS95, ND)

	Recently organic aerosol species have been measured in a number of source samples resulting in organic aerosol source profiles for the sources tested (Rogge et. al., 1993 Caltech report to ARB, ARB # A932-127), Rogge, (1996 feasibility study for CRPAQS).  The profiles were used in receptor modeling to identify the impact of sources on ambient organic aerosols.  Polycyclic aromatic hydrocarbons (PAH) have also been identified as having the capability to differentiate between diesel and gasoline burning automobiles (Fujita et al, 1996, personal communication)  The feasibility of applying these methods to ambient samples in urban and non-urban areas need to be evaluated.  The evaluation also should include a thorough review of QA/QC procedures and estimates of accuracy and precision based on those procedures and methods.  Data from samples collected during IMS95 at the three core sites need to be analyzed.  The analysis should include examining the differences between the site types (urban-motor vehicle dominated, urban-with a strong influence from oil production, and rural).

	

	This activity should not be limited to organic species, but should include inorganic trace species (e.g., single particle analysis) or other properties of particles that might provide insight to the causes of high PM through the development of source - receptor relationships.  QA/QC procedures should also be evaluated for providing reasonable estimates of uncertainty bounds and the confidence in those estimates.



	Meteorological variables for improved measurements of wind speed and direction, especially under stable conditions, and integrated and continuous measurements of temperature, relative humidity, and solar radiation as a function of wavelength should also be evaluated.  Special emphasis should be paid to meteorological methods that allow for continuous measurements of these variables aloft.  QA/QC procedures should also be evaluated for providing reasonable estimates of uncertainty bounds and the confidence in those estimates.  Based on the review, expert interviews, and critical evaluation, recommend if warranted, other approaches that should be considered in future field programs for the measurement of air quality or meteorological variables at the surface and aloft.  Clearly state how the measurement should improve our understanding of causes of high PM concentrations in the SJV, list analytical capabilities of the methods, and state all assumptions associated with conclusions. 

Are current typically employed analytical methods used to chemically analyze IMS95 samples (inorganic and organic species in the gas and aerosol phases) sufficiently selective and sensitive or can more recently developed analytical methods provide improved measurement capabilities and/or additional species information that might be important to understanding PM in the SJV?

 (In New  Task  -- RFP)



Determine the analytical capabilities (e.g., selectivity, sensitivity, precision, accuracy) of current analytical methods and evaluate emerging methodologies with potentially improved capabilities.  State and justify conclusions regarding: 1) accuracy, precision, limits of detection, interferences, and equivalence of different analytical methods and procedures, and likely causes of differences 

(ED, IMS95, ND). �tc "�autonum�	Determine the comparability of collocated measurements.  State and justify conclusions regarding:  1) accuracy, precision, and equivalence of different PM measurement methods, and likely causes of differences; 2) validity of 24-hour PM10 compliance concentrations exceeding 150  g/m3; and 3) the utility of hourly surrogates for representing diurnal PM10 and PM2.5 variations. (ED, IMS, ND). " \l 3�

	Review the IMS95 measurement methods and data bases historical data bases and the literature and provide a detailed listing by method and species of the analytical capabilities of thecurrent inorganic and organic chemical analysis methods for aerosol, gas phase, and aqueous samples collected speciesduring IMS95.  Review  the analytical capabilities in terms of selectivity, sensitivity, precision, and accuracy and evaluate emerging methodologies with potentially improved capabilities.  . For emerging methods, are Are interferences really known, are the methods sensitive enough, have precision and accuracy been adequately defined, are proper QA/QC procedures being used, have some investigators modified methods and obtained improvements over standard methodsusual usage?  Review current literature and contact experts in the field and provide a summary of emerging methods, their capabilities, and indicate how the new methodologies will add to the existing base of knowledge.   In particular the review should consider continuous methods for obtaining species specific concentrations.  Based on the review, recommend the most cost-effective methods that provide data of the highest quality and with known uncertainty.  Suggest new methods that if applied to samples collected using existing collection methods may improve our understanding of atmospheric processes related to PM buildup in the SJV.  



	State and justify conclusions and assumptions regarding:  : 1) accuracy, precision, limits of detection, interferences, and equivalence of different analytical methods and procedures, and likely causes of differences;, 2) provide recommendations on the suitability of methods used during IMS95; and 3) provide recommendations on new methodologies, if they exist, for obtaining improved species specific information...

What combinations of instrumentation and analysis are most practical for research and compliance monitoring?  

(RFP) 



(ED, IMS95)�tc "�autonum�	State and justify conclusions regarding the most cost-effective and practical instrumentation for gaining future data sets with sufficient accuracy, precision and validity for future interpretation. (ED, IMS).   (The answer to this is a function of sampling frequency.)  Perhaps more direct answers will be obtained if you define sampling frequencies e.g., continuous with an 1 hour average objective, 24-hr average daily, 24 hr average every X number of days. )  " \l 3�

	Synthesize the results from the previous data analysis activities and the current literature to justify the continuation of currently used monitoring methods, or their replacement with more accurate or practical methods.  Review literature and contact researchers who are expert in the measurement of different aerosol chemical components, aerosols precursors, meteorological variables and chemical and physical properties of fog.  Use information gained from previous work elements, which look strictly at the methods, in the overall integrated analysis for network design for compliance and research networks.  Identify promising new methods worthy of future development, and identify methods that have been shown to be feasible, and that could be made practical for special studies and for long-term monitoring.  Include an evaluation of how practical (ease of use, man power to operate at suggested time scales, preparation of substrates, and requirements for chemical analysis) the method is for compliance monitoring, for use in episodic type field programs, for extended field programs for up to a year, etc. and evaluate cost of use under each circumstance.   Evaluate EPA proposals for compliance monitoring in light of the knowledge gained from answering this and the previous aerosol measurement questions.

Do collection and analysis methods or monitoring systems exist for obtaining improved measurements of PM, PM components, PM precursors and meteorological variables over what was used during IMS95? 

(In RFP)



	Identify and evaluate the suitability of collection and analysis methods for obtaining components of PM or PM precursors, especially continuous species specific methods, or meteorological variables that were measured and not measured dduring IMS95,  as well as methods which were not used.  Review recent literature and interview experts in the field to identify important/unique species and methods.  For example, organic aerosol species have been measured recently in a number of source samples resulting in organic aerosol source profiles for the sources tested, (Rogge et. al., 1993 Caltech report to ARB, ARB # A932-127), Rogge, (1996) feasibility study for CRPAQS).  The profiles were used in receptor modeling to identify the impact of sources on ambient organic aerosols.  Polycyclic aromatic hydrocarbons (PAH) have also been recently identified as having the capability to differentiate between diesel and gasoline burning automobiles (Fujita et al, 1996, personal communication)  The feasibility of applying these methods to ambient samples in urban and non-urban areas needs to be evaluated.  The evaluation also should include a thorough review of QA/QC procedures and estimates of accuracy and precision based on those procedures and methods.   Organic gas and aerosol phase species data from samples collected during IMS95 at the three core sites needs to be evaluated to determine if suitable samples were obtained (e.g., proper sampling frequency and averaging times, spatial resolution).  Would inclusion of other methods, for example, measurement of PAH species improve understanding of source - receptor relationships?

	

	This activity should not be limited to organic species, but should include inorganic trace species (e.g., species specific continuous monitors, single particle analysis) or other properties of particles that might provide insight to the causes of high PM through the development of source - receptor relationships.  QA/QC procedures should also be evaluated for providing reasonable estimates of uncertainty bounds and the confidence in those estimates.



	Meteorological variables for improved measurements of wind speed and direction, especially under stable conditions, and integrated and continuous measurements of temperature, relative humidity, and solar radiation as a function of wavelength should also be evaluated.  Special emphasis should be paid to meteorological methods that allow for continuous measurements (with less than 5 min integration times) of these variables at the surface and aloft.  QA/QC procedures should also be evaluated for providing reasonable estimates of uncertainty bounds and the confidence in those estimates.  Based on the review, expert interviews, and critical evaluation, recommend if warranted, other approaches that should be considered in future field programs for the measurement of air quality or meteorological variables at the surface and aloft.  Clearly state how the measurement should improve our understanding of causes of high PM concentrations in the SJV, list analytical capabilities of the methods, and state all assumptions associated with conclusions. 



	State and justify conclusions and assumptions regarding use of additional or alternate methods and indicate how these measurement will improve our understanding of the PM problem in the SJV if used in future field studies.





State and justify conclusions regarding the most cost-effective and practical air quality and meteorological instrumentation for gaining future data sets with sufficient accuracy, precision and validity for future interpretation.  Consider the following sampling frequencies in the analysis: continuous with a 1 hour average objective,  3-hr average and 24-hr average taken daily, 24-hr average every 3 days, and 24-hr average taken every 6 days. 





Optimizing Network Design.  What are the optimum temporal and spatial requirements for research and compliance monitoring networks?

What is the spatial representativeness of a receptor site under various meteorological conditions and during peak and non-peak periods?  Given this, how well do IMS95 sites represent their designated site type and how well do existing PM monitoring sites with in the IMS95 saturation site networks represent human exposure, maximum PM concentrations, and maximum source impacts. 

(In New Task -- RFP) 



Describe aerosol and precursor species sampling sites and their surroundings.  Classify the spatial scale of sites (neighborhood to regional) and site types (agricultural to industrial).  Evaluate the adequacy of monitoring networks for representing human exposure, maximum PM concentrations, and source influences.

(ED, IMS95, ND)

�tc "�autonum�	Describe aerosol sampling sites and their surroundings.  State and justify conclusions about what types of environments the different sites are likely to represent, and how that representation might change in response to different source activities (ED, IMS, ND).  What is the spatial representativeness of a given site and what is the spatial influence of a given source?" \l 3�	Obtain, for IMS95 sites, Create tables of site codes, coordinates, site classifications, and descriptions of surroundings, which include site drawings, still photographs, video tapes, and electronic maps of the areas around the sampling site and prepared at several scales showing residences, restaurants, major roads, and industrial or agricultural operations.  .  Obtain similar information, as available, for routine monitors operated the ARB and SJVUAPCD and within the IMS95 study domain.  Using easily available data bases (e.g. DeLorme CD Phone Search and Street Atlas, Wessex MapInfo CDs of streets and TIGER/LINE data), site drawings, still photographs, and video tapes, create electronic maps (already available for IMS95) of sampling site surroundings showing residences, restaurants, major roads, and industrial or agricultural operations.  VerifyClearly define siting criteria and site classifyications (e.g., neighborhood, urban, up and down wind urban, suburban, boundary, regional, flows into and out of the valley) and site types (residential, industrial, agricultural, motor vehicle), designated a priori in planning IMS95 (Solomon and Magliano, 1996), based on review of the site descriptions each site according to one of the criteria (e.g., neighborhood, urban, up and down wind urban, suburban, boundary, regional, flows into and out of the valley).  Use statistical analysis, such as spatial correlation analysis, cluster analysis, empirical orthogonal functions, and analysis of variance, and emissions activities as a function of distance from the receptor to obtain a better understanding of the relationships between/among sites and their surrounding.  Examine the spatial representativeness of  IMS95 and existing routine monitoringresearch/compliance sites.  Evaluate the appropriateness of State and justify conclusions and assumptionsconclusions about appropriateness of site classifications as a function of spatial representativeness and as a function of peak and non-peak periods for both the fall and winter seasons and different meteorological conditionsseason and conceptual model.  Do site classifications, spatial representativeness, and spatial scales of influence change with during the sampling period (during fall versus or during winter studies), between for the different sampling periods, season, under different meteorological conditions, or due to variations in source strength?  Plot existing and IMS95research networks and overlay with the spatial scale each site represents.  Compare to population distributions and locations of major source types/land-use types.  Evaluate adequacy of site coverage and recommend a) adequacy of sites during IMS95, b) how sites may have been better located during IMS95,new sites and bc) indicate changes in site classification changesfor IMS95 sites, and d) suggest where changes. in routine ARB and SJVAPCD site locations and/or site classifications may be beneficial.based on the analysis.



	State and justify conclusions and assumptions regarding the adequacy of the IMS95 and existing monitoring sites  for representing designated site types, human exposure, maximum PM concentrations, source influences, and spatial gradients for primary and secondary species.

How well do IMS95 existing meteorological measurements represent the following phenomena:   1) representativeness with respect to its surroundings (i.e., is measurement influenced by local effects; 2) transport and dispersion under low wind speed/stagnation conditions;   23) frequency, spatial extent, and intensity of fogs; 34) temperatures at 850 mbar;   ;             45) downvalley and cross-valley flows; and 65) mixed layer depths, vertical distributions of winds, temperature, and relative humidity.  ; 6) wind gusts above suspension thresholds.  What changes might be are needed in routine and research oriented long-term and short-term meteorological monitoring? 

(In progressSole Source -- Lehrman/Smith )



Describe meteorological measurement sampling sites and their surroundings.  Evaluate the three dimensional spatial coverage of surface and upper-air wind, temperature, relative humidity, and solar radiation measurements.  State and justify conclusions about the suitability of surface and upper-air meteorological data collected during winter and non-winter periods to describe important meteorological phenomena when high PM concentrations occur, and recommend additional measurements needed to characterize these meteorological fields 

(ED, IMS95, ND). �tc "�autonum�	Evaluate Surface and Upper-Air Wind and Temperature Measurements.  State and justify conclusions about the quality and suitability of surface and upper-air meteorological data collected during winter and non-winter periods when high PM concentrations occur, and recommend additional measurements needed to characterize these meteorological fields (ED, IMS, ND). " \l 3�

	Obtain, for IMS95 sites,  tables of site codes, coordinates, site classifications, and descriptions of surroundings, which include site drawings, still photographs, video tapes, and electronic maps of the areas around the sampling site and prepared at several scales showing residences, restaurants, major roads, and industrial or agricultural operations  Obtain similar information, as available, for routine monitors operated the ARB and SJVUAPCD and within the IMS95 study domain.  Create tables of site codes, coordinates, site classifications, and descriptions of surroundings.  Using easily available data bases (e.g. DeLorme CD Phone Search and Street Atlas, Wessex MapInfo CDs of streets and TIGER/LINE data), site drawings, still photographs, and video tapes, create electronic maps (already available for IMS95) Examine of sampling site surroundings documenting possible obstructions to both surface and upper air wind speed and wind direction measurements and items that might influence temperature, relative humidity, or solar radiation measurements (e.g., site on a roof near heat or moisture vents).    Plot time-height cross-sections of wind vectors, temperatures, and relative humidity from rawinsonde and continuous upper air measurements from radar profiler (with or with out RASS) and Doppler acoustic sounder measurements (as appropriate), spatial and time series vector plots of surface winds, and spatial and time series plots of surface temperatures, relative humidity, and solar radiation for periods of elevated PM concentrations.  Examine these plots to determine the degree of spatial and temporal consistency in the dataevaluate the three dimensional spatial coverage of surface and upper-air wind, temperature, relative humidity, and solar radiation measurements.  Determine when and where (horizontal and vertical) actual wind speeds are lower than those achievable by standard instruments with wind speed thresholds of >0.5-1 m/s.  Evaluate occurrence of wind speeds > 0.05 m/s for locations and times where sonic anemometers are operated.  Examine site descriptions and describe the meteorological phenomena that are represented by the upper air and surface meteorological measurements in terms of measurement location, elevation, and surrounding terrain.  Examine similarities and differences within and above the local boundary layer.  Examine the winds, temperatures, and relative humidities at the highest altitudes, generally above the tops of the terrain where synoptic forcing should dominate, and compare the results obtained by the different measurement systems and locations.  For peakepisode days, examine synoptic flow patterns using upper-air meteorological maps and hourly satellite images (as available) to identify periods of consistency and inconsistency with surface and upper air measurements.  Evaluate each upper-air station with respect to its representation of regional flow patterns.  Determine the vertical elevations of measurements that distinguish regional from local transport.  Identify which measurement locations are suitable for representing transport phenomena on different scales for each conceptual model.  Evaluate the utility of each existing network for the elucidation of each conceptual model, and recommend measurement locations, sampling frequencies, sampling periods, observables, and monitoring equipment to supplement current networks.



	State and justify conclusions and assumptions about the suitability/adequacy of surface and upper-air meteorological data collected during winter and fall IMS95 measurement periods at routine and IMS95 sites to describe important meteorological phenomena when high PM concentrations occur, and recommend additional measurements needed to characterize these meteorological fields.	

�How extensive is the three dimensional coverage of fogs in the valley?  How well do existing measurements characterizecharaccterize the  presence of fogs and/or stratus clouds?  

(In progressLehrman)



Evaluate the frequency, spatial extent, and intensity of fogs and low lying stratus clouds.  State and justify conclusions concerning the ability to determine the spatial extent of fogs and low lying stratus clouds.  

(ED, IMS95, ND)�tc "�autonum�	Evaluate the frequency, spatial extent, and intensity of fogs and low lying stratus clouds occurrence and intensity measurements.  State and justify conclusions concerning the ability to determine the spatial extent of fogs and low lying stratus clouds. (ED, IMS, NDIMS,ND)" \l 3�

	Plot the locations of and describe existing fog measurement systems in operation during IMS95, including National Weather Service observations, satellite photos, relative humidity measurements, CALTRANS visibility sensor network and other surrogates.  Review the adequacy of using these systems based on the historical data analysis evaluation (Lehrman, 1997).  Plot hours of fog and low lying stratus cloud observations for each day during winter from existing data from measurement approaches deemed adequate in the historical review and determine differences and similarities between measurement sites.  Evaluate the frequency, spatial extent, and intensity of fogs and low lying stratus clouds observed during IMS95 using measurements deemed adequate based on results of the review.  .    Examine spatial distributions of RH data and relate these to fog observations.  Do measurement methods exist that can provide the elevation and spatial coverage of the bottom of the fog layer when it has lifted from the surface?  Evaluate the utility of each existing network for the elucidation of the wintertime fog conceptual model, and recommend measurement locations, sampling frequencies, sampling periods, observables, and monitoring equipment to supplement current routine and future research networks.



	State and justify conclusions and assumptions concerning the ability to determine the two and three dimensional spatial extent of fogs and low lying stratus clouds, including mixing heights or depth of the fog or stratus layer, as occurred during IMS95.

What is the optimum sampling frequency for PM, aerosol precursors, and meteorological variables.  

(NInew Task -- RFP)



Examine shortest time averaged data available from continuous PM measurements or PM surrogates (e.g., bscat, COH) and evaluate the diurnal variations of PM.  Examine high frequency (< 5 min) meteorological data and evaluate that against understanding meteorological phenomena, modeling needs, and vector vs. scalar wind speed averages.  State and justify conclusions about the need for a shorter then 24-hr sampling frequency for PM and shorter than 1-hr average sampling frequency for wind direction, as well as for other meteorological variables.  

(ED, IMS95, ND)

	Examine shortest time averaged data available from continuous PM measurements, less than 24-hr PM filter measurements, continuous and filter based precursor species measurements, and/or PM surrogates (e.g., bscat, COH) and evaluate the diurnal variations of PM.  Examine high frequency (< 5 min) meteorological data and evaluate that against understanding meteorological phenomena, modeling needs, and vector vs. scalar wind speed averages.  . Using time series analysis, frequency distributions, and an understanding of data needs, both for modeling and data analysis, examine the data collected during the IMS95 winter study for the need to sample more frequently then routinely performed.  Consider source attributes and meteorological changes in the decision process.  For example, development and break up of the boundary layer, traffic patterns, etc.  Evaluate short-term (3-hr, 1-hr, or less) average sampling for PM and PM precursors and higher than 1-hr average sampling frequency for meteorological variables collected during special field programs (e.g., IMS95).  Create a table indicating optimal sampling frequencies for each IMS95 variable (PM mass, specific PM chemical components, precursor species [organic and inorganic], fog related species and measurements, and surface and aloft meteorological variables, including ones related fog).  Indicate in the table the species of interest, the optimal sampling frequency under IMS95 winter conditions, suggest one or several available methods for obtaining the measurement, give limits of detection at the stated integration time, and estimates of accuracy and precision for the measurement at the given sampling frequency.  If no available method exists to meet the higher sampling frequency needs, examine the possibility of research methods, orand finally, is the measurement limited by the availability of insufficient measurement methods?.  Under IMS95 environmental conditions, Aare longer sampling frequencies needed then is optimally desired, due to measurement limitations and what is the impact for understanding atmospheric processes and developing control strategies?  Make recommendations as to optimal sampling frequencies for each species or group of related species and measurement methods and indicate if the measurement can be obtained at reasonable cost or is it limited by no available measurement method at the frequency needed.  If research methods exist, indicate at what level they are at regarding routine use in the field or for use during special studies.  State all assumptions in the analysis.   



	State and justify conclusions and assumptions about the need for a shorter then 24-hr sampling frequency for PM (PM10, PM2.5, PMcoarse), precursors species (primary and secondary), and shorter than 1-hr average sampling frequency for wind speed and direction, as well as for other meteorological variables.





Descriptive AnalysisGases and Aerosols:  :�tc "�autonum�	What are the temporal, spatial, chemical, and size characteristics of suspended particles and precursor gases in central California?" \l 2�What are the temporal, spatial, chemical, and size characteristics of suspended particles and precursor gases in central California?

How much of PM10 is composed of PM2.5 and how does this relationship change by measurement site, fall Vsvs winter sampling periodsseason, conceptual model, peak and non-peak periods, and environmental conditions (i.e.i.e, T, RH)?  How accurately can PM2.5 concentrations be deduced from PM10 measurements?  What are the major chemical components of PM10, PM2.5, and the coarse particle fraction (PM10 - PM2.5) and how do these differ by site, season, time of day, and emission activity?  How important is the  crustal component in PM2.5 and how much of it is real or a possible artifact due to sampling inlet efficiencies?  

(In progressDRI Contract, but several tasks have been added, Augment if needed)



Create scatterplots, create time series plots, and calculate comparability statistics for ratios of PM2.5/PM10, coarse/PM10, and PM2.5/coarse.  State and justify conclusions about:  1) the ratios of PM2.5, PM10, and coarse particles and how these vary among sites and seasons; 2) the chemical components that are most abundant in the PM2.5 and the coarse fraction; and 3) implications for attainment or non-attainment of future PM2.5 standards.  

(ED, IMS95, ND)

	Using IMS95 wintertime data collected at core and boundary sites, Ccreate PM2.5/PM10, coarse/PM10, and PM2.5/coarse scatter plots and stacked time series plots of mass concentrations, silicon or aluminum, sulfur or sulfate, nitrate, ammonium, organic carbon, and elemental carbon where data are available.  Assess these ratios for peak and non-peak periods each conceptual model; identify where and when ratios are consistent, within reasonable variability, and when they are different.  Divide data into periods with generally consistent relationships and calculate comparability measures, including slopes, intercepts, correlation coefficients, average ratios, and ratios of averages for and between the different periods.  List specific outliers from these measures, and compare the occurrence of these outliers with exceptional meteorological and emissions events that might be indicated in the daily emissions activity survey. identified by other data analysis activities.  Using the detailed chemistry and the comparability factors Ddetermine the extent, and with what accuracy and precision, PM2.5 concentrations might be estimated from PM10 concentrations at sites where PM2.5 is not measured.  Quantify the proportion of each major chemical component that is in the PM2.5 fraction as opposed to its abundance’s in the PM10, and identify conditions under which these proportions will be valid an invalid.  Using chemical concentrations of the abundant crustal species Al (* 1.89 for Al203), Si (* 2.14 for SiO2), Fe (* 1.43 for Fe2O3), Mg (* 1.66 for MgO), and Ca (* 1.40 for CaO), apply multiplication factors representing their oxide forms and calculate the fraction of PM2.5 that might be attributed to crustal material.  Estimate incremental amounts of geological material in PM2.5 relative to amounts of geological material in PM10.  For each site at which data are available, estimate the annual and seasonal average contribution, the contribution to the highest PM2.5 concentrations, and the contributions in which the crustal contribution is largest.  .  Examine meteorological and emissions conditions when the geological contribution is high and determine when this is due to wind erosion and when it is due to emissions activities.  Compare the geological contributions to PM2.5 with the levels of proposed PM2.5 standards.  Review the literature and CRPAQS historical analysis to determine what fraction of the PM2.5 crustal component is an artifact due to sampling inlet efficiencies.



	State and justify conclusions and assumptions about:  1) the ratios of PM2.5, PM10, and coarse particles and how these vary among sites and seasons; 2) the chemical components that are most abundant in the PM2.5 and the coarse fraction; 3) potential artifact of crustal related species in the PM2.5 fraction due to sampling inlet efficiencies; and 4) implications for attainment or non-attainment of future PM2.5 standards.

What are the day-to-day and diurnal variations in PM mass and chemical components and in PM precursor species concentrations observed during IMS95? 

(In DRI Contractprogress)



Examine the day-to-day (24-hr average) and diurnal variations of PM10 and PM2.5 and their chemical components and PM precursors species.  State and justify conclusions concerning: 1) differences between sites,  2) chemical composition as a function of time of day, 3) chemical composition on episode vs non-episode days, 4) differences between PM10 and PM2.5 and precursor species as a function of the time of the day and for episode vs non-episode days. 

(IMS95, ND)

	For IMS95 fall and winter sites, Pplot PM10 and PM2.5PM mass and composition and precursor species concentrations as a function of time for sites collecting data at a frequency greater than once per day (i.e.i..e, < 24-hr average; IMS95 core sites) and for sites collecting 24-hr data.  Note similarities and differences between 1) diurnal patterns for PM10 and PM2.5 and their chemical components and 2) peakepisode and non-peakepisode days for PM10 and PM2.5 and their chemical components and assess dominant species in each size fraction by time of day peak Vsvs lower values.  Plot spatial pie charts and describe spatial patterns as a function of time of day and over a 24-hr average period (mid-night to mid-night).  Compare peakepisode periods to periods of lower PM concentrations as a function of the time of day and location by site type or site environment.  



	State and justify conclusions and assumptions concerning:  : 1) differences between sites;, 2) chemical composition as a function of time of day;, 3) chemical composition on peak Vsvs non-peak days and during the build-up and decline of a peak period;, 4) differences between PM10 and PM2.5 and precursor species as a function of the time of the day and for peak Vsvs non-peak days.

�

What are PM concentrations at the boundaries, both at the surface and aloft, and how do they vary temporally and spatially during the IMS95 study periodwith time of day, season, and location?  WFor the IMS95 study domain, what is the PM natural natural background (not influenced by anthropogenic sources), and regional background (possibly influenced by anthropogenic sources) and boundary conditions for a given zone of influence, for the IMS95 study domain, ands.  Wwhat are the characteristics of a background site and a boundary site with respect to IMS95 modeling and data analysis needs?  

(InNew Task - RFP)



Clearly define the characteristics of a background and a boundary site.  State and justify conclusions regarding 1) the concentrations and chemical composition of background and boundary sites and how these may vary by season/conceptual model and by episode/non-episode periods, 2) the ability to detect background contributions versus those from local sources at boundary and receptor sites at different temporal scales, and 3) the appropriate usage of background concentrations for varying data analysis and modeling activities.  

(ED, IMS95, ND)

	Provide a clear definition of what is a boundary site and what is a background site (natural and regional) for use by IMS95 data analysts and by modelers.  The definition may change as a function of: season or 1) seasonconceptual model (fall Vsvs winter);  and 2) for local versus regional considerations. and Aaall assumptions associated with the definitions need to be clearly defined.  Plot PM mass and composition and precursor species concentrations at boundary sites (including the IMS95 core boundary site (SWC) where 3-hr samples were obtained).  Evaluate differences between sites and compare to concentrations and chemical composition at source oriented and receptor sites.  What fraction, as a function of location, does background contribute to receptor sites within the valley?  How does the concentration at the boundary (Northern boundary for IMS95) vary during the day?  Determine how boundary concentrations vary as a function of fall and winterseason, conceptual model, and peakepisode versus non-peakepisode days during the IMS95 study period.  Using the definition defined earlier, indicate which sites act as boundary and which act as background sites. Where applicable data applies, perform this analysis for both the fall and winter study periods. 



	State and justify conclusions and assumptions regarding: 1) the concentrations and chemical composition of background and boundary sites and how these vary during the monitoring period, and, in particular during  peak and non-peak periods;, 2) the ability to detect background contributions versus those from local sources at boundary and receptor sites at different temporal scales;, and 3) the appropriate usage of background concentrations for varying data analysis and modeling activities.





Meteorology:  �tc "�autonum�	What meteorological characteristics are associated with elevated PM10 and PM2.5 concentrations?" \l 2�What meteorological characteristics are associated with elevated PM10 and PM2.5 concentrations.

What are the relationships between peak PM concentrations that occur during the fall and winter and regional and synoptic meteorological variable?conditions are associated with previously observed PM10 standard exceedances?    Which variables are most important for each situation?  Can peak PM periodsepisodes be forecasted? 

(In progress)RFP)



Describe synoptic weather patterns, local and regional wind speeds and directions, changes in mixed layer depth, changes in relative humidity, and fog characteristics for selected examples of 24-hour PM10 exceedances and for both IMS95 the study periods for special studies (e.g., IMS95).  State and justify conclusions regarding 1) which variables are most relevant to the highest PM values, 2) meteorological indicators on days prior to a high PM event involving each conceptual model, 3) the degree to which meteorological conditions conducive to either each conceptual model (clear sky stagnation or stagnation with fog) might be forecast,  and 4) how the meteorological variables they are likely to affect high PM levels within eacheither conceptual model category? 

(ED, IMS95, ND)

	Divide exceedances or monitoring days for special studies into categories dominated by each conceptual model.  Select one or two examples from each conceptual model and fFully describe the meteorological situation for both the fall and winter IMS95 study periods, using synoptic weather maps, hourly maps of winds, temperature, relative humidity, and fog, and available chemical composition and size fractions of PM measurements.  Include in the description synoptic weather patterns, local and regional wind speeds and directions, changes in mixed layer depth, changes in relative humidity, and fog characteristics.  Examine meteorology during the study period and how key meteorological variables changes as peak PM periods build and decline.  Create spatial plots of surface and upper air layers of WS, WD, T, and RH and examine in detail the surface and upper air meteorological data during each study period to better understand flow above and within the mixed layer.  Modifyother exceedances within each category and note similarities and differences with respect to the example cases.  For special studies, such as IMS95, describe the meteorology during the full study period.  Modify the surface and upper air meteorological description of each of the two conceptual models that relate to IMS95 study periods, to make themit more descriptive of actual situations.  Note exceptions to the model and explain why these occur.  Determine the probability of forecasting elevated PM peak periods episodes for either each conceptual model scenario.  Validate current forecast criteria (Hackney and Solomon, 1996) to determine success of forecasting IMS95 fall and winter peak periodsepisodes.



	State and justify conclusions and assumptionsconclusions regarding: 1) which variables are most relevant to the highest PM values;, 2) meteorological indicators on days prior to a high PM event;, 3) the degree to which meteorological conditions conducive to either conceptual model (clear sky stagnation or stagnation with fog) the fall and winter PM episodes might be forecast;,  and 4) how the meteorological vvariables  are likely to affect high PM levels within either conceptual model category during the fall and winter periods?

What are the transport pathways within and between air basins in central California? When is transport between air basins associated with elevated PM concentrations?   How do flows aloft differ from those at the surface? 

(RFP)



Examine horizontal wind fields at different layers.  State and justify conclusions regarding transport of PM and precursor gases between: 1) the Bay Area and the SJV; 2) between the northern, central, and southern San Joaquin Valley; 3) between the San Joaquin Valley and Class I areas (Sequoia, Kings Canyon, Yosemite); and 4) between the San Joaquin Valley and the Mojave desert?  

(ED, IMS95, ND)

	Using upper air data available for periods when PM is high, plot horizontal wind fields at the surface, within the mixed layer, and above the mixed layer.  Examine the consistency of these flow vectors within and between each layer and with those indicated by weather maps and pressure gradients.  Note similarities and differences with respect to season (especially winter compared to non-winter periods), elevation, location, PM episode, and conceptual model.  Associate the wind directions with the expected phenomena of low-level jet, slope flows, eddies, and bifurcation. Examine these flows in the vicinity of transport corridors, especially those between the Bay area and the SJV, the SJV and Yosemite and Sequoia National Parks, and between the SJV and the Mojave desert to estimate the intensity and duration of transport between these areas during winter and non-winter periods when PM concentrations are elevated in one or more of these areas.  In conjunction with meteorological data, calculate a mass balance for PM and its chemical components across specified flux planes.

How do emittants disperse and dilute under low wind conditions and what is the role of diffusion versus organized flow patterns during stagnant, low wind speed situations as potential mechanisms for pollutants to mix?

(In progressSAI Contract, with several additional tasks -- Augment SAI/AV contract as needed)



Characterize mixing and dispersion of pollutants during low wind speed conditions using data collected during special studiesthe IMS95 winter field program.  Evaluate the representativeness of the TSS5a core site using data collected from sonic anemometers located throughout the study region.  Evaluate how low winds speeds are as a function of time of day, location in the valley, and PM10 and PM2.5 concentrations using data from all sonic anemometer sites.  State and justify conclusions regarding 1) the ability to model pollutant transport under calm conditions, 2) the spatial distribution of very low winds during and between PM peak periodsepisodes, and 3) specify the need to use very low threshold wind speed and direction sensors or less expensive standard sensors that are of high quality and highly maintained.

(IMS95, ND)

Characterize vertical and horizontal mixing and dispersion of pollutants during low wind speed conditions using data collected during the IMS95 winter field program.  . Using analysis tools unique to micrometeorological measurements, dDevelop a conceptual model for dispersion and mixing underat low wind speeds.  Based on theFrom the conceptual model, develop or modify existing models or modules for mixing and dispersion during calm conditions.  Validate the models or modules using tracer data.  Set uncertainty bounds on the measurements and modeling results.  Based on data analysis and modeling, if suitable models exist, and using meteorological data from the existing network, if adequate, estimate the role of diffusion versus organized flow patterns during stagnant, low wind speed situations as potential mechanisms for pollutants to mix.  Evaluate the representativeness of the TSS5a core site using data collected from sonic anemometers located throughout the study region.  .  Apply spatial correlation statistics to evaluate the representativeness of the TSS5a core site and of each of the five sonic anemometer sites deployed throughout the study domain.  Perform time series analysis and plot frequency distribution and determine by location in the valley the fraction of time wind speeds are below 1 m/s, 0.5 m/s, and 0.1 m/s.  Based on the analysis indicate how low winds speeds are as a function of time of day, location in the valley, and PM10 and PM2.5 concentrations using data from all sonic anemometer sites.   Indicate the need, if any, for very low, but more expensive, wind monitoring equipment.  State and justify assumptions.  



State and justify conclusions and assumptionsconclusions regarding: 1) the ability to model pollutant transport under calm conditions, including influence on choice of meteorological model (diagnostic, prognostic, statistical);, 2) the spatial distribution of very low winds during and between PM peak periodss;, and 3) specify what threshold values are needed for wind speed and direction (u, v, and w)  measurements and the need to use very low threshold wind speed and direction sensors  or less expensive standard sensors that are of high quality and highly maintained.   State and justify assumptions.  





Emissions:  How well are sources characterized with respect to emissions/sour ce profiles and what is the relationship of emissions to air quality?  Specifically, what are the spatial, temporal, size, and chemical characteristics of emissions from specific sources that allow their contributions to ambient PM concentrations to be distinguished from each other?  What are the specific source contributions to the 24-hr (peak and non-peak periods), monthly/seasonal, and annual average PM10 and PM2.5 concentrations?

How well can emissions data be reconciled with ambient data? 

(In RFP)



Compile and summarize emissions and ambient data.  Compare ratios of species and species composition between ambient and emissions data.  State and justify conclusions about: 1) the comparability of the data, and  2) the reasons for any discrepancies.  

(ED, IMS95, ND)

	Prepare tables of annual and seasonal primary particle, sulfur dioxide, oxides of nitrogen, and reactive organic gas emissions, by county and major source type for the years 1983 through 1993.  Identify changes between years and relate these to changes in emissions controls, fuels, and population growth.Compile and summarize emissions and ambient data.  Prepare tables of day specific and period average primary particle, sulfur dioxide, oxides of nitrogen, and reactive organic gas emissions, by county/study domain area and major source type for the IMS95 special study periods.  Identify similarities and differences between sites for years before vs after emissions controls have been implemented and between for peakepisode and non-peakepisode periods.   for special study data.  Compile gridded emissions with as fine a resolution as possible with estimates for areas surrounding ambient routine and IMS95 monitoringspecial study monitoring sites.  Compare ratios of ambient VOC/NOx, PM/NOx, and CO/NOx,, and related PM components (e.g., Al/Si, Fe/Si, CO/Pb, CO/EC)  to ratios derived from emissions data.  Assess the comparability of ambient and emissions VOC and particulate speciation profiles.  Apply principal components analysis and/or empirical orthogonal functions to ambient data to elucidate primary contributing sources.  Identify discrepancies between ambient and emissions data.  Assess the degree to which the reconciliation methods are valid and where differences suggest inaccurately characterized or missing sources.



	State and justify conclusions and assumptionsconclusions about: 1) the comparability of the data,  and  2) the reasons for any discrepancies.

Which source contributions are most likely based on CMB source apportionment forapportionment as a function of month/season, conceptual model,peak value? for the fall and winter IMS95 study periods?

(In RFP)



Calculate source contribution estimates usingwith the chemical mass balance (CMB) modeling approach.  State and justify conclusions about how much of measured PM is contributed by: 1) geological material (agricultural, road, construction, and windblown dust), 2) motor vehicles (pre-1991 diesel, post-1991 diesel, well maintained gasoline, poorly maintained gasoline, and cold-start vehicle exhaust), 3) vegetative burning (fireplace, wood stove, agricultural, prescribed, and wildfires), 4) other industrial sources (ic engines, steam generators, food processing, resource recovery), and 5) secondary aerosols (ammonium nitrate, ammonium sulfate, organic species).   Provide, for each source catagory, the adequacy of the profiles for purposes of calculating relationships.  

(ED, IMS95, ND)

	Using the CMB receptor model, or other receptor methods,  and measured source profiles, calculate source contributions and their uncertainties to measured PM concentrations for both 3-hour and 24-hour samples collected at routine monitoring sites and at core, saturation, and boundary/flux plane sites operated during IMS95.  Examine the temporal and spatial variation of source contribution estimates with respect to known spatial and temporal distributions of emissions and determine consistencies and inconsistencies.  Plot these contributions for each sample as stacked bar charts and compare the apportionments among sampling sites and sampling periods and for peakepisode and non-peakepisode days.  Summarize the magnitudes of source contributions at each sampling site in frequency tables.  Conduct sensitivity and randomized data tests to evaluate the magnitudes of uncertainties in apportionments.  Compare source contributions among nearby sites for consistencies and inconsistencies.  Classify each available sample by its major contributors and determine how many cases of peakexcessive PM concentrations are dominated by a single source type versus those that represent a super-position of sources. Based on previous experience, indicate the adequacy of existing source profiles for their ability to account of sources impacting receptor sites during the fall and winter field programs and the adequacy of the individual source profiles for calculating source - receptor relationships.   



	State and justify conclusions and assumptionsconclusions about how much of measured PM is contributed by:  : 1) geological material (agricultural, road, construction, and windblown dust);, 2) motor vehicles (pre-1991 diesel, post-1991 diesel, well maintained gasoline, poorly maintained gasoline, and cold-start vehicle exhaust), 3) vegetative burning (fireplace, wood stove, agricultural, prescribed, and wildfires);, 4) other industrial sources (ic engines, steam generators, food processing, resource recovery);, and 5) secondary aerosols (ammonium nitrate, ammonium sulfate, organic species).

Can specific source activities be detected at given sites to confirm source influences? 

(In RFP)



Examine day-specific emissions activity data in relationship to ambient data.  State and justify conclusions regarding when and where certain activities take place, and evidence for these activities in ambient data sets. 

(IMS95, ND).

	For IMS95 saturation networks, including core sites, during which daily activities were monitored (i.e.,e.g., the IMS95 day-specific database), document day-by-day changes in activities, especially those within sight of the monitoring site and for days on which PM concentrations largely exceeded those measured at neighboring sites.  Examine the incremental chemical compositions and source contribution estimates derived from CMB or other receptor analyseis for samples that correspond to nearby activities and relate these increments in PM mass levels to those activities by their chemical presence or absence.  Evaluate whether the day-specific database can be used to infer the impact of specific sources that cannot be deduced from receptorCMB  analysis alone (e.g., differentiation of specific sources of fugitive dust based on the presence of an activity near a receptor).  Document, if possible, specific evidence that indicates where dust comes from when winds are low and the ground is wet (i.e., during wintertime PM peak periodsperiodsepisodes when secondary species are high and moisture is abundant).



	State and justify conclusions and assumptionsconclusions regarding when and where certain activities take place, and evidence for these activities in ambient data sets.

Where are the ammonia sources, how much do they emit, and when do they emit it?  How well do emissions data and ambient data compare?  

(In RFP)



�tc "�autonum�	Examine ammonia concentrations and their proximity to large ammonia sources.  State and justify conclusions about the influence of these nearby activities and meteorological variables on ammonia concentrations (ED (DEMO, and TSS 14 & 15), IMS [SATURATION NETWORKS])." \l 3�Examine ammonia concentrations and their proximity to large ammonia sources.  State and justify conclusions about the influence of these nearby activities and meteorological variables on ammonia concentrations. 

(IMS95, ND)

	From the best available emissions maps and results of TSS15 ammonia emissions inventory, plot locations and relative magnitudes of suspected ammonia sources (e.g. dairies, feedlots, chicken coops, sewage plants).  Augment inventory if necessary to fill in gaps.  Examine ammonia concentrations and their proximity to large ammonia sources.  For the fall and winter IMS95 sampling periods, where NH4NO3 is a significant portion of the collected mass, superimpose on the emissions maps indicators of ammonia concentrations (circles or bars) and wind roses as developed from ambient data.  Determine the extent to which ammonia levels are elevated downwind of different ammonia sources.  Stratify samples by temperatures, relative humidity, and activity levels that are conducive to high and low ammonia emissions, and identify the degree to which these changes are confirmed by ambient measurements.  Identify other locations in the study area, where ambient sampling has not yet taken place, where similar situations might be found.  . Are there unexpected areas of high ambient NH3 concentrations relative to what would be expected from the NH3 emissions database?



	State and justify conclusions and assumptionsconclusions about the influence of these nearby activities and meteorological variables on ammonia concentrations.

What are the gaseous and particulate chemical compositions of source emissions that provide precursors for secondary organic formation and permit source sub-categories to be distinguished from each other?  Specifically for:  : 1) wood smoke, prescribed and agricultural burning; 2) well-maintained and poorly maintained engines; ;  3) diesel and gasoline engines; 4) cooking; 5) biogenic emissions; 6) agricultural processes, such as pesticides; and 7) secondary organic aerosols. 

(Sole source to CassIn progress)



Using current or new source profiles and ambient organic aerosol precursor and ambient organic aerosol species data provide insight into the contribution different sources have on ambient levels?  

(IMS95, ND) 

	Review current source profiles (Cass, Hildemann, Rogge [Caltech and SJV feasibility study]) in conjunction with know sources of primary and secondary precursors for organic aerosols and indicate for central California where data are missing.  Identify sources that might have a significant impact on secondary aerosol formation and recommend approaches for obtaining source profiles.  Review ambient data sets where organic aerosols have been collected and compare those to VOC (C2-C20) data collected simultaneously to determine if specific precursors can be identified and related back to sources.  .  Where data are available, calculate conversion rates of precursor species to aerosol.  Assess variations in conversion rates as a function of environmental conditions.  Reconcile sources with ambient data and perform organic aerosol species CMB analysis or more sophisticated analysis methods to apportion primary and secondary organic aerosols to sources.  Evaluate uncertainties in both the ambient and analytical measurement methods for precursor and organic aerosol species determinations.    



	State and justify conclusions and assumptionsconclusions regarding sources of organic aerosol species and the fraction of organic carbon that is secondary in nature.  Identify, if possible, precursor species of secondary organic aerosols and attemptattemp to relate these back to their sources.  

What is the zone of influence of components of interest from sources (e.g., PM10 versus PM2.5PM2.5, or primary particles Vsvs primary precursor gases)?

(RFP)





Compare source contributions from each identifiable source categories among nearby measurement locations.  State and justify conclusions about the zone of influence of each source type relative to the components the influence PM concentrations.  

(IMS95, ND)

	Compare source contribution estimates from identifiable source categories based on from CMB or other receptor  analyseis using data collected at fall and winter IMS95 saturation monitoring sites and from short-time resolution 3-hr measurements at coreatcore sites special monitoring networks.  Plot locations of major emissions sources and compare to calculated source contributions.  Examine changes in source contributions with time and compare to expected diurnal profiles of emissions sources.  Plot hourly wind roses for each day of sampling, and in conjunction with daily emissions activity data attempt, to verify source influences at a receptor site(s).  Identify gradients between monitors in the downwind direction from the source, and determine dilutions with downwind transport.  Estimate the mass emissions needed to provide incremental concentrations over background, and compare this to actual emissions.  



	State and justify conclusions and assumptionsconclusions about the zone of influence of each source type relative to the components that compose  ambient PM concentrations.





Atmospheric Chemistry:  What are the chemical processes involved in PM formation?  How does the presence of fog affect aerosol formation?

How well do we understand dynamic atmospheric process and the formation of secondary aerosols from primary and secondary aerosol precursors and their relationship to phase properties (liquid, solid, gas).  

(New task - In RFP)



Examine PM composition and precursor species concentrations as a function of phase.  State and justify conclusions concerning the distribution of nitrogenous, sulfur, and organic species between the solid, liquid, and gaseous phases and how these vary by time of day and environmental conditions.  State and justify whether the atmosphere is in chemical equilibrium under stable stagnant conditions and the impact of that on understanding chemical processes.

(IMS95, ND)

Examine gas, aerosol, and aqueous phase data collected during the IMS95 winter study and calculate the fraction of nitrogen, sulfur, and carbon and their individual compounds in each phase relative to the total in all phases.  Plot these data as a function of the time of day and environmental parameters (e.g., temperature and relative humidity).  Statistically describe the data and use comparability statistics (e.g., ratios, multiple regression, frequency distributions, cluster analysis) to obtain an understanding of the distribution of species among the phases.  Using theory, calculate the phase distribution expected under equilibrium conditions and determine under what situations the atmosphere might be in equilibrium and indicate what chemical and physical mechanisms might be important for obtaining the phase distribution.  State assumptions and indicate the importance of these mechanisms for improving mathematical models.



State and justify conclusions and assumptionsconclusions concerning: 1) the distribution of nitrogenous, sulfur, and organic species between the solid, liquid, and gaseous phases and how these vary by time of day and environmental conditions; and 2) whether the atmosphere is in chemical equilibrium under stable stagnant conditions and the impact of that on understanding chemical processes.

Is the regional nature of secondary pollutants (e.g., ammonium nitrate and ammonium sulfate) due to well-defined transport between upwind and downwind regions, is it primarily due to slow diffusion over multi-day stagnation periods, or is it due to a wide spread of sources throughout the study domain?  How does the ammonia generated in rural areas mix with the oxides of nitrogen generated along roadways and in urban areas under low wind, stagnant conditions?  	

(RFP)



Determine transport patterns from standard and micrometeorological measurements and apply theory to estimate oxidation rates of NOx under different environmental conditions and compare these results to ambient data collected during the IMS95 winter study.  Compare deposition and oxidation rates to transport times to determine ability of oxidized nitrogen (HNO3) to mix with ammonia and form ammonium nitrate.  State and justify conclusions about how far emissions can be transported during stagnation periods relative to the time for deposition, oxidation, and neutralization to occur for secondary aerosol precursors.  Examine the role of diffusion versus organized flow patterns during stagnant, low wind speed situations as potential mechanisms for pollutants to mix?

(IMS95, ND)

	Compare IMS95 micrometeorological measurements with those acquired from existing networks that operated during IMS95.  Determine whether or not the existingIMS95   meteorological networks adequately represent flows from rural to urban areas.  Calculate transport times from rural to urban areas during peak periodsepisodes, and estimate the distance from rural locations from which ammonia has potentially originated to urban receptors.  Examine land use and emissions maps to identify potential ammonia and NOx sources.  Examine saturation measurements for ammonia/ammonium and NOx/HNO3/nitrate to determine gradients in ammonia, ammonium, HNO3, and nitrate with distance from urban and source oriented  measurement locations.  Estimate the potential for interaction of ammonia and oxidized NOx based on flow patterns.

Is the nitrate really ammonia-limited or NOx-limited in urban areas?  Is it really less ammonia-limited, or ammonia saturated in rural areas near ammonia sources?  To what extent will  further SO2 reductions free up ammonia to create ammonium nitrate? 

(In RFP)



Apply equilibrium models (e.g. Kim et al., 1993a; 1993b) to total ammonia and total nitrate values available over periods of constant temperature and relative humidity.  State and justify conclusions about where and when ammonium nitrate concentrations are limited by ammonia levels, and when they are limited by nitrate levels.  

(IMS95, ND)

	Apply equilibrium models (e.g. Kim et al., 1993a; 1993b) to total ammonia and total nitrate values available over periods of constant temperature and relative humidity.  Calculate the partition between ammonia gas, nitric acid gas, and ammonium nitrate particles.  Compare these with measurements and evaluate how well the equilibrium model applies to the SJV situation during the IMS95 winter study periods.  Examine model sensitivities to changes in temperature and relative humidity over available sampling intervals.  Determine whether or not shorter measurement intervals are needed or whether longer intervals can be tolerated.  Using the chemical equilibrium portion of these models, plot isopleths of constant ammonium nitrate concentrations as functions of total ammonia and nitrate.  Identify the location of typical measurements on these plots and determine the amounts of ammonia or nitrate precursors that must be reduced before significant changes in ammonium nitrate concentrations would be observed.  Classify each sample as ammonia or nitrate limited.  For each sample, reduce each ammonium sulfate concentration by half, and to zero, examining the changes in ammonium nitrate with these reductions.  Determine the extent to which further sulfate reductions might result in increases in ammonium nitrate concentrations.  Apply the aerosol evolution model to the gas and particle source profiles using aging times determined by trajectory modeling.  Create “aged” source profiles that represent the changes due to gas-to-particle conversion and deposition.  Plot contours of aged apparentaparent emissions on maps and compare to ambient data.  Do aged sourcesourece profiles improve comparisons between ambient data and sources of precursor species?



	State and justify conclusions and assumptionsconclusions about where and when ammonium nitrate concentrations are limited by ammonia levels, and when they are limited by nitrate levels.



Is the regional nature of secondary pollutants (e.g., ammonium nitrate and ammonium sulfate) due:  : 1) to well-defined transport between upwind and downwind regions;, is it          2) primarily due to sto slow diffusion over multi-day stagnation periods; ;  or 3) , or is it dto replication of analogous local processes throughout the domain?ue to a wide spread of sources throughout the study domain?  How does the ammonia generated in rural areas mix, under low wind and stagnant conditions with the oxides of nitrogen and sulfur generated along roadways and in urban areas under low wind, stagnant conditions?

(In RFP)



	Compare IMS95 micrometeorological measurements with those acquired from existing networks that operated during IMS95.  Determine whether or not the IMS95   meteorological network adequately represent flows from rural to urban areas.  Determine transport patterns from standard and micrometeorological measurements and calculate transport times from rural to urban areas during peak periods, and estimate the distance from rural locations from which ammonia has potentially originated to urban receptors. .  Examine land use and emissions maps to identify potential ammonia and NOx sources.  Examine saturation measurements for ammonia/ammonium and NOx/HNO3/nitrate to determine gradients in ammonia, ammonium, HNO3, and nitrate with distance from urban and source oriented  measurement locations.  Apply theory to estimate oxidation rates of NOx under different environmental conditions and compare these results to ambient data collected during the IMS95 winter study.  Compare deposition and oxidation rates to transport times to determine ability of oxidized nitrogen (HNO3) to mix with ammonia and form ammonium nitrate.  Estimate the potential for interaction of ammonia and oxidized NOx based on flow patterns.



	State and justify conclusions and assumptionsconclusions about how far emissions can be transported during stagnation periods relative to the time for deposition, oxidation, and neutralization to occur for secondary aerosol precursors.  Examine the role of diffusion versus organized flow patterns during stagnant, low wind speed situations as potential mechanisms for pollutants to mix?.



How do elevated oxides of nitrogen emissionsemitted above the stable mixed layer get into the shallow mixed layer when fog or stratus clouds are present?  What are the important oxidants and how much oxidant (ozone, peroxides, et al.) is above the shallow mixed layer and how much of it is within gets into the mixed layer?  How is NOx oxidized to nitric acid in a stagnant, cloudy environment with little photochemistry? How do variations in concentrations of oxidants and SO2 (and NOx) in space and time influence aerosol formation in fog drops?

(In progressNew task -- Augment Collett/Pandis)



Determine how mixed layer depths change.  Examine gas, aerosol, and aqueous chemistry to determine what oxidants are present as a function of altitude, within and above the mixed layer.  State and justify conclusions about: 1) the depth of the mixed layer into and above which pollutants are emitted and can interact with each other; 2) diurnal boundary layer development; 3) where and when elevated emissions and pollutants carried over from prior days mix with those at the surface or are de-coupled from surface phenomena; 4) the fraction and depth to which oxidants are mixed into the mixed layer; and 5) what their role is in the oxidation of nitrogen and sulfur oxides.

(IMS95, ND)�tc "�autonum�	Determine how mixed layer depths change. State and justify conclusions about: 1) the depth of the mixed layer into and above which pollutants are emitted and can interact with each other; 2) diurnal boundary layer development; and 3) where and when elevated emissions and pollutants carried over from prior days mix with those at the surface or are decoupled from surface phenomena. (IMS, ND)" \l 3�

	For IMS95 data, Aapply the Dye et al. (1995)��XE "Dye et al. (1995)"��XE "Dye et al. (1995)"� XE "Dye et al. (1995)" �� XE "Dye et al. (1995)" � objective analysis technique to the radar refractive index parameter and the RASS vertical virtual temperature measurements to determine hourly mixing depths.  Examine selected corresponding vertical temperature plots from radiosonde sites, estimate mixed layer depths, and compare these with the mixing depths estimated from the radar profilers for hours with corresponding measurements.  Determine how mixed layer depths change during the course of the day.   Describe the correspondence between the diurnal evolution and apparent elevation of mixed layers seen in color slides and time-lapse videos and the mixing depths estimated from vertical temperature measurements.  .   Using chemical data taken at the surface and aloft, determine what oxidants are found above the mixed layer and their profiles within the mixed layer and the boundary layer.  Identify dominant pathways for aerosol formation in the aqueous phase from observations of IMS95 fog chemistry and IMS95 measurements of oxidants (ozone and peroxides) and catalysts (Fe and Mn).  Variations in these parameters in space (north-south, urban vs. rural, ground vs. aloft) should be evaluated to determine when and where aqueous phase aerosol formation is most important and what factors limit the rate of its formation.  Examine the change in oxidant formation and distribution during the day as the mixed layer builds in the morning and lowers in the evening.  What is the role of light vs. nighttime reactions and oxidants at the surface vs. oxidants aloft above the fog layer?    What role do these oxidants play in the formation of HNO3 and sulfuric acid under clear and foggy conditions.  For sulfur, this analysis should also consider the formation of S(IV)-aldehyde complexes like hydroxymethanesulfonate which may limit aqueous phase sulfate production.



	State and justify conclusions and assumptionsconclusions about:  : 1) the depth of the mixed layer into and above which pollutants are emitted and can interact with each other; 2) diurnal boundary layer development; 3) where and when elevated emissions and pollutants carried over from prior days mix with those at the surface or are de-coupled from surface phenomena; 4) the fraction and depth to which oxidants are mixed into the mixed layer; and 5) what their role is in the oxidation of nitrogen and sulfur oxides.

Lacking photochemistry under stagnant foggy conditions, to what extent is secondary organic formation a contributor in this situation, especially in light of the significant amount of nitric acid/nitrate formation oxidation of NOx ?  To what extent is secondary organic aerosol formation a contributor under non-foggy/stratus cloud wintertime conditions?

(InNew task -- RFP)



Examine speciated organic aerosol data, OC/TC and EC/TC ratios, and oxidant formation potential as a function of photochemical activity, atmospheric stability and mixing depth, presence of fogs, and distance from a source area.  State and justify conclusions regarding the fraction of secondary organic aerosols present in ambient samples during foggy, stable vs. clear, and stable conditions.  Suggest sources for organic aerosol precursors based on species observed and describe mechanisms for the formation of secondary organic aerosols.  

(IMS95, ND)

	Review IMS95 ambient speciated organic gas phase (C2-C20) and speciated organic aerosol data for primary (anthropogenic and natural) and secondary organic species.  Relate, if possible, secondary species to their primary precursor species, based on known atmospheric chemical processes.  . Examine speciated organic aerosol data, OC/TC/OC and EC/TC/EC ratios, and oxidant formation potential as a function of photochemical activity, atmospheric stability and mixing depth, presence or absence of fogs, and distance from a source area to help better understand secondary organic gas phase and aerosol phase formation.  Examine the relationship between primary and secondary aerosols as a function of meteorological variables (e.g., temperature, RH, solar radiation) and evaluate  differences in spatial and temporal patterns.   Also Uuse the more abundant OC, EC, and TC, data to support the analysis and provide a wider spatial estimate of the fraction of secondary aerosols.  



	State and justify conclusions and assumptionsconclusions regarding the fraction of secondary organic aerosols present in ambient samples during foggy and, stable vs. clear, and st stable wintertime conditions.  Suggest sources for organic aerosol precursors based on species observed and describe mechanisms for the formation of secondary organic aerosols.



How does PM chemical composition and concentration change before, during, and after fogs? 

(Collett/Pandis funded for most activities, but several added in latest version, need to augment contract for those activities In progress)



 Examine PM composition and precursor species concentrations as a function of changes in chemical composition due to the presence of fog.

(IMS95, ND)

	Calculate a nitrogen, sulfur, crustal material, and organic species balance using IMS95 wintertime data.  Plot changes in the distribution of species as a function of time noting if fog was present or not at the site or within reasonable transport times to the site.  Determine the chemical composition of PM samples before, during and after fog events.  Evaluate how the presence of fog alters both the chemical composition of PM species as well as the distribution of aerosol precursors species.  Identify chemical and/or physical mechanisms due to the presence of fog that alters the size distribution and chemical composition of the aerosol from before the fog was present until after it dissipates.  Confirm that the physical and chemicalchemcial mechanisms are appropriately represented in mathematical models and if not recommend changes in the mathematical models and additional experiments to verify these mechanisms.    State assumptions and indicate the importance of these mechanisms for improving mathematical models.



	State and justify conclusions and assumptionsconclusions regarding the affect that fog has on PM concentrations and composition.  State assumptions and indicate the importance of these mechanisms for improving mathematical models.

�How does deposition, owing to fog droplet growth, balance the creation of secondary aerosols in fog droplets?  How significant an influence does the drop size-dependence of the fog chemistry have on aerosol formation and deposition in fogs.  

(In progressAugment Collett/Pandis’s Contract)



Calculate deposition rates for particle sizes typical of fog.  Examine fog chemistry as a function of fog droplet size.  Examine how deposition rates differ with respect to time and location and examine the changes in chemical composition due to differences in composition in different size droplets.  State and justify conclusions about how fast droplets are removed by deposition and how these balance the rates at which secondary particles area created and how deposition changes the size distribution of the aerosol due to the presence of  fog?  

(IMS95, ND)	

	Examine fog chemistry as a function of fog droplet size.  Compare 2- and 3-stage cloud collector data with bulk data to determine the added value of the size-fractionated fog drop chemistry measurements.  Evaluate  enhancements of aqueous phase oxidation rates in the chemically heterogeneous fog drop population (represented by the multi-stage collectors) vs. the rates predicted from the average fog composition (represented by the bulk fog collector samples).  Using measurements of fog droplet size taken as the fog forms and dissipates, plot quantities of major species (crustal material, nitrate, sulfate, ammonium, and organic and elemental carbon) in fog droplets deposited as a function of time throughout an peak periodepisode.  Examine the non-uniform distribution of sulfate, nitrate, and organic species across the drop size distribution on estimates of removal by fog drop deposition.  Include in the analysis the spatial variability (north to south, urban vs. "rural") as well determine whether the size-dependent nature of the chemistry is more important in one environment vs. another.  Compare the deposition rates with rates of formation determined by the aerosol evolution model.  The magnitude of errors in deposition and oxidation resulting from looking only at average (bulk) fog chemistry should be quantified to evaluate what resources should be expended in future work to obtain size-dependent fog drop composition information (vs. say augmenting spatial coverage in a bulk-only fog network).



	State and justify conclusions and assumptions assumptions and conclusions about how fast droplets are removed by deposition and how these balance the rates at which secondary particles area created and how deposition changes the size distribution of the aerosol due to the presence of  fog.  Make recommendations for the need or not of size fractionatedfractionaed fog droplets.

How does acidification of drops due to aqueous phase acid production (e.g., SO2 --> H2SO4) limit aerosol formation in fog drops?

(In progress)RFP)



Examine the buffering capacity of fog droplets as a function droplet size and in bulk fog samples.  State and justify conclusions regarding species responsible for the high buffering capacity of fog in the valley and provide theoretical justification of the effect of buffering on the formation of sulfate in fog droplets.  

(IMS95, ND)

	Quantify the extent of buffering present in fog samples size size fractionated and in bulk fog samples and the buffering capacity its ability, relative to NH3 uptake, to prevent fog drop acidification and thereby promote aqueous phase particle production.  Titrate additional fog samples collected during IMS95 (and other SJV fog studies) to quantify the buffering present, review compounds (probably organic buffering agents) likely to be present that would provide buffering in the pH regime observed (pH 6 to 7), and develop a simple model of the effect of the buffering on rates of sulfate production



	State and justify conclusions and assumptionsconclusions regarding species responsible for the high buffering capacity of fog in the valley and provide theoretical justification of the effect of buffering on the formation of sulfate in fog droplets...

Visibility



2.7�Visibility:

What are the accuracy, precision, validity, and equivalence of light scattering measurements?

(IN RFP)



	Extending the historical analysis, use wintertime IMS95 data to evaluate potential nephelometer interferences.  Estimate the effects of sample heating by:  1) plotting differences between ambient and detection chamber humidities as a function of time and ambient temperature; 2)  calculating relative humidity reductions due to temperature changes as a function of time, ambient temperature and ambient relative humidity; and    3) using existing relations between light scattering and relative humidity and typical particle compositions to determine the resulting biases caused by sample heating as a function of relative humidity.  Plot nephelometer zero and span values vs. temperature to determine the effects of temperature variations on instrument response.  Estimate the amount of measured scattering due to coarse particles and the biases introduced by the angular truncation of the scattering geometry from prior studies with total and PM2.5 nephelometer size fractions.  Determine which samples might be significantly affected by coarse particle scattering from PM2.5 measures of crustal species (Al, Si, Fe, Ti, and Ca).  Generate tables for each nephelometer indicating the number of hours per month the data are flagged as being influenced by meteorological effects.  Acquire airport visibility data for the SJV, Class I areas, and the Mojave desert.  Convert airport human observer visual range data to extinction coefficient values using Koschmieder’s formula along with appropriate choice of threshold value for human visual perception.  Compare extinction coefficient data derived from airport observations to extinction coefficient values obtained from instrumental methods at those locations where nephelometers are sited near to controlled airports.  Seek to describe causes of any systematic differences between human observer and instrumental methods.



	State and justify conclusions and assumptionsassumptionsconclusions that quantify biases in light scattering measurements owing to the heating of the aerosol sample, changes in nephelometer response due to ambient temperature fluctuations, and the partial response to light scattering by coarse particles caused by the angular truncation in the light scattering geometry.

What are the spatial and temporal characteristics of visibility (total extinction and its components) during IMS95?  Where, how much, how long, and how often does visibility reduction occur in the SJV, Class I areas, and in the Mojave Desert?

(IN RFP)



	Determine diurnal variations in visual range, light scattering, and absorption, and total extinction.  Plot monthly box-and-whisker plots of hourly light scattering and, light absorption, and total extinction for IMS95 core sites and at sites in the SJV, Mojave desert, and Class I areas where data are available from either nephelometers or human observers.  at sites in the SJV, Mojave Desert, and Class I areas where data are available.  Compare statistical deviations in diurnal patterns among the measurement sites and for peak and non-peak PM10 and PM2.5 periods and identify consistencies and inconsistencies with the current understanding of diurnal variations in emissions, transport, and vertical mixing.  Identify differences in diurnal patterns with time of year.  Tabulate the times and locations of hourly maxima, and examine one-dailydaydaily time series plots of these situations to advance hypotheses for their causes.  Quantify the degree to which the time-averaged aerosol sampling periods represent a constant level of light scattering and absorption in data sets corresponding to visibility measurements.  Briefly describe each haze event and specify its beginning and ending dates, its visual character, and its apparent spatial extent.  Include events that available monitoring data, color slides, or time-lapse photos show to be uniform and regional as well as those that appear local and layered.  Identify those events when it is possible that sources in the SJV may have made a perceptible contribution to haze in or above the Mojave Desert or Class I areas.



	State and justify conclusions and assumptionsassumptionsconclusions about the pattern of diurnal changes in visibility during the IMS95 winter study and the times when deviations from that pattern occur.



Where, how much, how long, and how often do different chemical constituents contribute to different levels of visibility reduction in the SJV during IMS95?  and in the Mojave Desert?

(IN RFP)



	Using chemically-speciated and size-segregated aerosol concentrations obtained during IMS95, in the SJV and in the Mojave Desert apply a size-inversion model, and examine the aerosol size modes.  Submit these distributions to a Mie-formulated extinction efficiency model and calculate extinction efficiencies as a function of relative humidity.  Evaluate changes in efficiencies for different assumptions including:  1) each chemical compound present as pure particles (external mixture); 2) soluble species mixed together in each particle (internal mixture); 3) ammonium sulfate around a carbon core; and         4) different formulations for changes in particle size with relative humidity.  Compare efficiencies used to reproduce measured extinction (constant shape of size distribution) with those used to estimate effects of emissions reductions (constant number distribution).  Calculate empirical extinction efficiencies by the multiple linear regression (MLR) method using different formulations of relative humidity dependence.  Include collinear measures such as singular value decomposition to evaluate the validity of the MLR efficiencies.  Compare the derived extinction efficiencies with those found in prior studies and with each other.  Attach uncertainty intervals to uncertainties that can be propagated through calculations of chemical extinction. Compare predicted scattering coefficient values to measured light scattering and compare predicted light extinction values to light extinction inferred from human observer records.



	State and justify conclusions and assumptionsassumptionsconclusions about the efficiency factors and their uncertainties that relate chemical concentrations to light extinction, especially as sub-modes of the PM2.5 vary.

� 

How do chemical constituents contribute to the light extinction budget?

(IN RFP)



.	Apply extinction efficiencies that account for relative humidity effects on aerosol chemical concentrations to each major chemical component of elemental carbon, organic carbon, ammonium nitrate, ammonium sulfate, and crustal material.  Compare the sum of fine particle scattering contributions calculated from chemical concentrations with measured scattering and identify the differences that exceed propagated uncertainty intervals.  Determine the cause of these differences.  If discrepancies can be attributed to inadequate estimates of size distributions, evaluate the need to include measurements of such size distributions in subsequent measurements. Plot chemical contributions to extinction, including Rayleigh scattering, as time series of stacked bars.  Compare and contrast the relative contributions to extinction as a function of sampling site and time of day.  Identify where and when contributions differ significantly between sites in the northern SJV, the southern SJV, the Mojave Desert, and Class I areas in the Sierra Nevada.  Note differences in relative humidity between sampling locations during peak periodsperiodsepisodes and determine the extent to which differences in extinction are due to chemical composition differences or differences in the liquid water content of the aerosol.  Create frequency distributions that show the fractional contributions to extinction from Rayleigh scattering, sulfates, nitrates, organic carbon, elemental carbon, and crustal material.



	State and justify conclusions and assumptionsassumptionsconclusions about the contribution from each major chemical compound to light extinction at different locations and times where IMS95 data permit.



How do emissions sources contribute to the light extinction budget?



	Using source apportionment results from section 2.57.25 of this study that relate source emissions to the concentrations of chemical constituents in the airborne particles, determine how the emissions from the major source types create the light extinction budgets computed in Section 2.7.4.  Plot source contributions to extinction as time series of stacked bars.  Compare and contrast the relative contributions to extinction as a function of sampling site and time of day.  Identify where and when contributions differ significantly between sites in the northern SJV, the southern SJV, the Mojave Desert, and Class I areas in the Sierra Nevada.



	State and justify conclusions and assumptions about the contribution to light extinction from major emissions sources.



  �tc "�autonum�	How will emissions reductions affect visibility impairment in the San Joaquin Valley, nearby Class I areas, and in the Mojave Desert?" \l 2�How do aerosols generated in the San Joaquin Valley  affect visibility within the San Joaquin Valley, in nearby Class I areas, and in the Mojave Desert?  

What are the accuracy, precision, validity, and equivalence of light scattering measurements?

(In RFP)



Extending the historical analysis, use winteritme IMS95 data to Eevaluate potential nephelometer interferences.  State and justify conclusions that quantify biases in light scattering measurements owing to the heating of the aerosol sample, changes in nephelometer response due to ambient temperature fluctuations, and the partial response to light scattering by coarse particles caused by the angular truncation in the light scattering geometry.

(ED, IMS95)�tc "�autonum�	Evaluate potential nephelometer interferences.  State and justify conclusions that quantify biases in light scattering measurements owing to the heating of the aerosol sample, changes in nephelometer response due to ambient temperature fluctuations, and the partial response to light scattering by coarse particles caused by the angular truncation in the light scattering geometry (ED, IMS95). " \l 3�

	Extending the historical analysis, use wintertimewinteritme IMS95 data to evaluate potential nephelometer interferences.  Estimate the effects of sample heating by 1) plotting differences between ambient and detection chamber humidities as a function of time and ambient temperature, 2)  calculating relative humidity reductions due to temperature changes as a function of time, ambient temperature and ambient relative humidity, and 3) using existing relations between light scattering and relative humidity (e.g. Sisler and Malm, 1994��XE "Sisler and Malm, 1994"��XE "Sisler and Malm, 1994"�; Pitchford and McMurry, 1994�XE "Pitchford and McMurry, 1994"� XE "Sisler and Malm, 1994" �� XE "Sisler and Malm, 1994" �; Pitchford and McMurry, 1994� XE "Pitchford and McMurry, 1994" �) and typical particle compositions to determine the resulting biases caused by sample heating as a function of relative humidity.  Plot nephelometer zero and span values vs. temperature to determine the effects of temperature variations on instrument response.  Estimate the amount of measured scattering due to coarse particles and the biases introduced by the angular truncation of the scattering geometry from prior studies with total and PM2.5 nephelometer size fractions (e.g., White et al., 1994).  Determine which samples might be significantly affected by coarse particle scattering from PM2.5 measures of crustal species (Al, Si, Fe, Ti, and Ca).  Generate tables for each nephelometer indicating the number of hours per month the data are flagged as being influenced by meteorological effects. 



	State and justify conclusions and assumptionsconclusions that quantify biases in light scattering measurements owing to the heating of the aerosol sample, changes in nephelometer response due to ambient temperature fluctuations, and the partial response to light scattering by coarse particles caused by the angular truncation in the light scattering geometry.

What are the spatial and temporal characteristics of visibility (total extinction and its components) during IMS95?  Where, how much, how long, and how often does visibility reduction occur in the SJV, Class I areas, and in the Mojave Desert?

(In RFP)



�tc "�autonum�	Determine Diurnal Variations in Light Scattering and Absorption.  State and justify conclusions about the monthly pattern of diurnal changes in visibility and the times when deviations from that pattern occur  (ED, IMS, ND)" \l 3�Determine Diurnal Variations in Light Scattering and Absorption.  State and justify conclusions about the monthly pattern of diurnal changes in visibility and the times when deviations from that pattern occur.  

(ED, IMS95, ND)

	Determine diurnal variations in light scattering, and absorption, and total extinction.  Plot monthly box-and-whisker plots of hourly light scattering and, light absorption, and total extinction for IMS95 core sites and any existing sites where valid data are available.  at sites in the SJV, Mojave Desert, and Class I areas where data are available. Compare statistical deviations in diurnal patterns among the measurement sites and for peak and non-peak PM10 and PM2.5 periods and identify consistencies and inconsistencies with the current understanding of diurnal variations in emissions, transport, and vertical mixing.  Identify differences in diurnal patterns with time of year.  Tabulate the times and locations of hourly maxima, and examine one-daydaily time series plots of these situations to advance hypotheses for their causes.  Quantify the degree to which the time-averaged aerosol sampling periods represent a constant level of light scattering and absorption in data sets corresponding to visibility measurements.  Briefly describe each haze event and specify its beginning and ending dates, its visual character, and its apparent spatial extent.  Include events that available monitoring data, color slides, or time-lapse photos show to be uniform and regional as well as those that appear local and layered.  Identify those events when it is possible that sources in the SJV may have made a perceptible contribution to haze in or above the Mojave Desert or Class I areas.



	State and justify conclusions and assumptionsconclusions about the pattern of diurnal changes in visibility during the IMS95 winter study and the times when deviations from that pattern occur.



Where, how much, how long, and how often do different chemical constituents contribute to different levels of visibility reduction in the SJV during IMS95?  and in the Mojave Desert?

(In RFP)



Calculate Extinction Efficiencies.  State and justify conclusions about the efficiency factors that relate chemical concentrations to light extinction, especially as sub-modes of the PM2.5 vary.

(ED, IMS95, ND)

	Using chemically-speciated and size-segregated aerosol concentrations obtained during IMS95, in the SJV and in the Mojave Desert, apply a size-inversion model, and examine the aerosol size modes.  Submit these distributions to a Mie-formulated extinction efficiency model and calculate extinction efficiencies as a function of relative humidity.  Evaluate changes in efficiencies for different assumptions including: 1) each chemical compound present as pure particles (external mixture), 2) soluble species mixed together in each particle (internal mixture), 3) ammonium sulfate around a carbon core, and 4) different formulations for changes in particle size with relative humidity.  Compare efficiencies used to reproduce measured extinction (constant shape of size distribution) with those used to estimate effects of emissions reductions (constant number distribution).  Calculate empirical extinction efficiencies by the multiple linear regression (MLR) method using different formulations of relative humidity dependence.  Include collinear measures such as singular value decomposition to evaluate the validity of the MLR efficiencies.  Compare the derived extinction efficiencies with those found in prior studies and with each other.  Attach uncertainty intervals to uncertainties that can be propagated through calculations of chemical extinction. 



	State and justify conclusions and assumptionsconclusions about the efficiency factors and their uncertainties that relate chemical concentrations to light extinction, especially as sub-modes of the PM2.5 vary.

How do chemical constituents contribute to the light extinction budget?

(In RFP)



Calculate Light Extinction Budgets using IMS95 winter data.  State and justify conclusions about the contribution to light extinction from each major chemical compound at different locations and times. 

(ED, IMS95, ND)

.	Apply extinction efficiencies that account for relative humidity effects on aerosol chemical concentrations to each major chemical component of elemental carbon, organic carbon, ammonium nitrate, ammonium sulfate, and crustal material..  Compare the sum of fine particle scattering contributions calculated from chemical concentrations with measured scattering and identify the differences that exceed propagated uncertainty intervals.  Determine the cause of these differences.  If discrepancies can be attributed to inadequate estimates of size distributions, evaluate the need to include measurements of such size distributions in subsequent measurements. Plot chemical contributions to extinction, including Rayleigh scattering, as time series of stacked bars.  Compare and contrast the relative contributions to extinction as a function of sampling site and time of day.  Identify where and when contributions differ significantly between sites in the northern SJV, the southern SJV, the Mojave Desert, and Class I areas in the Sierra Nevada.  Note differences in relative humidity between sampling locations during peak periodsepisodes and determine the extent to which differences in extinction are due to chemical composition differences or differences in the liquid water content of the aerosol.  Create frequency distributions that show the fractional contributions to extinction from  Rayleigh scattering, sulfates, nitrates, organic carbon, elemental carbon, and crustal material.



	State and justify conclusions and assumptionsconclusions about the contribution from each major chemical compound to light extinction at different locations and times where IMS95 data permit.





	

Overall Integration and Ssynthesis.

What are the causes of excessive PM10 concentrations in the SJV?  What is the influence of meteorology, emissions, chemistry, and deposition on PM concentrations?  What differences are observed for PM and PM components and precursors species among urban, rural, and industrial area?  What are the chemical processes for the formation of secondary aerosols, especially during foggy conditions when the  photochemical process may be limited?  What is the influence of fog on PM concentrations?  What is the spatial influence of primary emissions and secondary aerosol precursors during each conceptual model scenario?  What controls the annual average PM concentrations; peak 24-hr values or moderate range PM concentrations?  What chemical species are most important for controlling the annual average and does it vary as a function of the time of the year?  What modifications are needed to conceptual models?  What knowledge gaps still exist and what data are needed to fill those gaps?  What are recommendations for future field, modeling, and data analysis studies?  What statements can be made regarding priority for emissions controls for primary aerosol and secondary precursor aerosol species?  If a new PM standard is promulgated, where and when might it be  exceeded, what are the major chemical components, and what its relationship, from a chemical, spatial, and temporal aspect, to the existing PM standard?



Synthesize data from other analyses.  Update understanding of conceptual models.  Provide detailed descriptions of case studies for each conceptual model.  



State and justify conclusions and assumptionsconclusions regarding the ability of current data to adequately describe each conceptual model and the need for new data/studies to provide an improved understanding;. and develop new conceptual models if needed., 

(ED, IMS95, ND)

What combinations of instrumentation and analysis are most practical for research and routine monitoring?  



(RFP) 



 Based on the IMS95 data set and results from earlier activities, state and justify conclusions regarding the most cost-effective and practical air quality and meteorological instrumentation for gaining future data sets with sufficient accuracy, precision and validity for future interpretation. such as modeling   Consider the following sampling frequencies in the analysis: continuous with a 1 hour average objective,  3-hr average and 24-hr average taken daily, 24-hr average every 3 days, and 24-hr average taken every 6 days. 

(ED, IMS95)�tc "�autonum�	State and justify conclusions regarding the most cost-effective and practical instrumentation for gaining future data sets with sufficient accuracy, precision and validity for future interpretation. (ED, IMS).   (The answer to this is a function of sampling frequency.)  Perhaps more direct answers will be obtained if you define sampling frequencies e.g., continuous with an 1 hour average objective, 24-hr average daily, 24 hr average every X number of days. )  " \l 3�

	Synthesize the results from the previous data analysis activities and the current literature to justify the continuation of currently used routine monitoring methods, or their replacement with more accurate or practical methods.  Consider the following sampling frequencies in the analysis:  : continuous with a 1 hour average objective,  3-hr average and 24-hr average taken daily, 24-hr average every 3 days, and 24-hr average taken every 6 days.   Review literature and contact researchers who are expert in the measurement of different aerosol chemical components, aerosols precursors, meteorological variables and chemical and physical properties of fog.  Use information gained from previous work elements, which look strictly at the methods, in the overall integrated analysis for network design for compliance and research networks.  Identify promising new methods worthy of future development, and identify methods that have been shown to be feasible, and that could be made practical for special studies and for long-term monitoring.  Include an evaluation of how practical (ease of use, man power to operate at suggested time scales, preparation of substrates, and requirements for chemical analysis) the method is for compliance monitoring, for use in episodic type field programs, for extended field programs for up to a year, etc. and evaluate cost of use under each circumstance.   Evaluate EPA proposals for compliance monitoring in light of the knowledge gained from answering this and the previous aerosol measurement questions.



State and justify conclusions and assumptionsconclusions, based on the IMS95 data and results from earlier activities, regarding the most cost-effective and practical air quality and meteorological instrumentation for gaining future data sets with sufficient accuracy, precision and validity to meet future interpretation needs. such as modeling  Note, that monitoring will be used for source and receptor modeling, understanding of PM formations, determining actual effectiveness of rules, and compliance and maintenance with standards.  Consider  less then 24-hr average sampling times for PM and related species and less than 1 hr averaging times for meteorological variables.  Also consider measurementsmeasuements surface and aloft.



How will emissions reductions affect visibility in the San Joaquin Valley, in nearby Class I areas, and in the Mojave Desert?  



Examine current and proposed emissions reductions associated with the 1995  Ozone and the 1997 PM10 State ImplementationImplimentation Plans and estimate the effect these controls will have on visibility for within the San Joaquin Valley of California.  



State and justify conclusions and assumptionsconclusions regarding the effect of pollutant reductions on visibility in the SJV, nearby Class I areas, and in the Mojave Desert, if transported out of the valley.  

What are the major sources of imprecision in source contribution estimates determined by different types of models, and which improvements would have the greatest effect on reducing those imprecisions?



Critically evaluate the data analysis methods, including simple models, with respect to their formulations, assumptions, and adequacy of input data.  State and justify conclusions about needed developments in model and input data sets.  

(IMS95, ND)

	Critically evaluate the data analysis methods, including simple models, with respect to their formulations, assumptions, and adequacy of input data.  Tabulate the different methods used for analysis, including their needed inputs, the availability and uncertainty of those inputs, their assumptions, and compliance with those assumptions.  Assign levels of confidence to conclusions, and identify needed development efforts for future studies.



	State and justify conclusions and assumptionsconclusions about needed developments in model and input data sets.

Which contributions to PM are proportional to emissions rates and which are not?  For those contributions that are not proportional to emissions, what is the limiting precursor, and by how much is it limiting?  Over what distance, and at what times, will reductions in a specific emissions source be detectable as PM reductions at receptors?



Synthesize data from other analyses.  State and justify conclusions about ammonia, oxides of nitrogen, organic species, and sulfur dioxide precursors’ effects on PM concentrations.  

(IMS95, ND)

	Synthesize data from other analyses.  Evaluate where precursor emissions are concentrated and estimate how reductions in one part of the Valley will affect concentrations in other parts of the Valley.  Provide a rationale for local as well as Valleywide emissions reductions.



	State and justify conclusions and assumptionsconclusions about ammonia, oxides of nitrogen, organic species, and sulfur dioxide precursors’ effects on PM concentrations.





Should other components of PM or PM precursors or other meteorological variables be measured and based on earlier work elements, do suitable collection and analysis methods or monitoring systems exist for those measurements?   



	Synthesize information from earlier work elements.



 recent literature and interview experts in the field to identify if other PM components, PM precursors, and/or meteorological variables should be measured.  State and justify conclusions regarding use of additional or alternate methods and indicate how the measurement should improve our understanding of aerosol formation.   

(ED, IMS95, ND)

Review recent literature and interview experts in the field to identify if other PM components, PM precursors, and/or meteorological variables should be measured.  Recently organic aerosol species have been measured in a number of source samples resulting in organic aerosol source profiles for the sources tested (Rogge et. al., 1993 Caltech report to ARB, ARB # A932-127), Rogge, (1996 feasibility study for CRPAQS).  The profiles were used in receptor modeling to identify the impact of sources on ambient organic aerosols.  Polycyclic aromatic hydrocarbons (PAH) have also been identified as having the capability to differentiate between diesel and gasoline burning automobiles (Fujita et al, 1996, personal communication)   The feasibility of applying these methods to ambient samples in urban and non-urban areas need to be evaluated.  The evaluation also should include a thorough review of QA/QC procedures and estimates of accuracy and precision based on those procedures and methods.  Data from samples collected during IMS95 at the three core sites need to be analyzed.  The analysis should include examining the differences between the site types (urban-motor vehicle dominated, urban-with a strong influence from oil production, and rural).

	

	This activity should not be limited to organic species, but should include inorganic trace species (e.g., single particle analysis) or other properties of particles that might provide insight to the causes of high PM through the development of source - receptor relationships.  QA/QC procedures should also be evaluated for providing reasonable estimates of uncertainty bounds and the confidence in those estimates.



	Meteorological variables for improved measurements of wind speed and direction, especially under stable conditions, and integrated and continuous measurements of temperature, relative humidity, and solar radiation as a function of wavelength should also be evaluated.  Special emphasis should be paid to meteorological methods that allow for continuous measurements of these variables aloft.  QA/QC procedures should also be evaluated for providing reasonable estimates of uncertainty bounds and the confidence in those estimates.  Based on the review, expert interviews, and critical evaluation, recommend if warranted, other approaches that should be considered in future field programs for the measurement of air quality or meteorological variables at the surface and aloft.  Clearly state how the measurement should improve our understanding of causes of high PM concentrations in the SJV, list analytical capabilities of the methods, and state all assumptions associated with conclusions.



	State and justify conclusions and assumptionsconclusions regarding use of additional or alternate methods and indicate how the measurement should improve our understanding of aerosol formation.
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CRPAQS Data Analysis Plan:



Major Questions and Rationale�



The overall data analysis plan by Watson et. al. (1996) includes a series of data analysis activities to answer specific questions regarding the development of conceptual models for the causes of high PM in the San Joaquin Valley of California as well as an examination of the potential effect of emissions reductions on ambient PM concentrations and other pollutants (e.g., visibility and ozone).  The specific questions then combine to answer ten major questions, the last being an integration step.  The overall plan includes codes for the application of each activity to Existing Data (ED), IMS95 data (IMS95), and New Data (ND).  The major questions presented in the overall plan and the reasons they are important are presented below in their entirety.  Those indicated as being partially answered by IMS95 data are included in the IMS95 data analysis plan.



The major questions presented in the overall plan and the reasons they are important are presented below in their entirety, and are as follows:



1.	Measurement Methods:  How well do PM and aerosol precursor species measurement systems and related laboratory chemical analysis methods quantify mass and chemical component concentrations, including precursor species?  How well do meteorological measurement systems quantify meteorological variables at the surface and aloft?  Should other variables be measured and do suitable collection and analysis methods exist for those measurements?

	Objective:  These data analyses will determine the validity of current data bases for subsequent analyses, and identify measurements needed in future routine and research monitoring networks.



	Motivation:  Suspended particles are complex moieties, containing numerous chemical components and spanning size ranges of 0.01 to 100 microns in aerodynamic diameter.  Precursor species include those emitted directly into the atmosphere (NOx, NH3, SOx, gas phase organic species) and those formed in the atmosphere (HNO3, H2SO4, and secondary gas phase organic species).  With regards to the collection of PM mass, the major components have been identified, often accounting for greater than 90 percent of the collected mass, however, other components may provide unique insight into chemical processes or source - receptor relationships.  Evaluating current methods, Chow (1995), Watson et. al. (1995a), and Watson et. al. (1995b) identify major limitations of existing monitoring technology to accurately and precisely quantify suspended particles.  Chemical analysis methods also need to be evaluated in conjunction with the sample collection methods as other biases can results during the chemical analysis process as well.  The validity and accuracy of measurement methods for wind speed, wind direction, temperature, relative humidity, and solar radiation at the surface and aloft need to be better understood with clearly quantified uncertainty limits; upper air measurements are particularly weak in this area.  Quality assurance and quality control (QA/QC) methods need to be addressed for all measured variables as well, as these provide confidence  to the measurements, setting uncertainty bounds to each measured data point.  Deviations from standard operating procedures might also result in discrepancies. Non-routine methods for quantifying species typically not measured, or routinely measured species at higher time or wider spatial resolution, will also be examined to identify knowledge gaps that might be filled by these measurements if performed routinely or during special studies.



2.	Optimizing Network Design:  What are the optimum temporal and spatial requirements for research and routine monitoring networks? 

	Objective:  These data analyses will determine the adequacy of monitoring networks for understanding the spatial and temporal nature of aerosols in the San Joaquin Valley.



	Motivation:  Current understanding of average and maximum PM concentrations is limited owing to every sixth-day sampling over 24-hour averaging times at a few sites (relative to the size of central California).  The measurement locations and sampling periods are not optimized to support air quality assessment models, to quantify source contributions, to determine human exposures, or to call air pollution alerts.  Since resources are limited, the number of sites and frequency of sampling will need to remain relatively small for long-term compliance monitoring, and will still be limited during research monitoring.  It is therefore important to understand the area or scale (neighborhood to regional) that a single site represents within different environment types (e.g., urban [motor vehicle, industrial, residential], agricultural [field crop, livestock], rural, background).  Temporal variations in meteorology and source activities and strengths are also important for defining the frequency of sampling, especially for compliance networks

 

3.	Descriptive AnalysisGases and Aerosols:  What are the temporal, spatial, chemical, and size characteristics of suspended particles and precursor gases in central California? 

	Objective:  These data analyses determinedeterimine the spatial and temporal nature of PM, PM components, and related species focusing on peak and seasonal variations.



	Motivation:  The timing, location, chemical composition, and aerodynamic diameters of suspended particles and the temporal and spatial characteristics of precursor gases provide understanding of their sources, transport properties, formation, and health effects.  These descriptive analyses over  many years of measurements at many locations, as well as during intensive measurement campaigns, serve to focus subsequent analyses on those time periods and sites that are most likely to provide a link to atmospheric processes and emissions sources and thus yield an improved understanding of the causes of elevated concentrations of PM in the atmosphere.  These analyses also allow the frequency of occurrence of conditions found in special studies to be related to similar occurrences over a multi-year period.



4.	Meteorology:  What meteorological characteristics are associated with elevated PM10 and PM2.5 concentrations?

	Objective:  These descriptive analyses determine which meteorological variables are likely to affect different components of PM and indicate where meteorological measurements are needed to better understand the influence of meteorology on PM concentrations in Central California.  



	Motivation:  Meteorological variables affect the suspension, accumulation, transport, deposition, formation, and transformation of suspended particles.  Current understanding suggests that the usually measured meteorological variables (T, WS/WD, RH, SR) represent those needed to obtain an understanding of PM processes in the atmosphere, however, other meteorological variables not currently measured may be important (e.g., details of cloud coverage, distribution, depth, and water content of fog, solar radiation as a function of altitude and wavelength).

. 

5.	Emissions:  What are the spatial, temporal, size, and chemical characteristics of emissions from specific sources that allow their contributions to ambient PM concentrations to be distinguished from each other?  What are the specific source contributions to the 24-hr, monthly/seasonal, and annual average PM10 and PM2.5 concentrations? 

	Objective:  These analyses determine where and when emissions exist, their zones of influence under different meteorological conditions, and the characteristics that allow the contributions from one emitter to be differentiated from other emitters.



	Motivation:  Emissions are the only variable that can be affected by pollution control planning to attain standards.  However, emissions characteristics are poorly known for many sources of primary particles and primary precursor gases, in particularpraticular ammonia and organic aerosol precursor species.  Often, emissions inventoriesinvenories or estimates do not agree with what is found in the ambient air under conditionsunderconditions where they should agree, questioning both the emissions estimates and/or the measurement methods.  Little is known about the precursor emissionsemssions of secondary aerosols or how the precursor emissions relate to ambient concentrationsconcnetraitons or about the zone of influence of sourcessoureces for most components of PM..  .  



6.	Atmospheric Chemistry:  What are the chemical processes involved in PM formation?  How does the presence of fog affect aerosol formation? 

	Objective:  These data analyses examine chemical process occurring in all phases (gas, liquid, and solid) and determine relationships among aerosol precursors, aerosol species, and oxidation and acid-base chemistry that often drive gas or liquid phase species to the solid phase.  



	Motivation:  Secondary aerosols play a significant role in the Valley, particularly in the fall and winter.  Data analysis activities will investigate the interactions of aerosol precursors to form secondary ammonium nitrate, ammonium sulfate, and organic species and address the vertical and horizontal distributions of precursor species.  In addition the role of fog on aerosol size distributions and chemistry will be explored.

	

7.	Visibility:   What are the temporal and spatial characteristics of visibility related parameters (bscat, babs, total extinction) and how do the chemical and size characteristics of suspended particles affect visibility reductionimpairment in the San Joaquin Valley, in nearby Class I areas, and in the Mojave Desert?  

	Objective:  These data analysis activities will determine where, how often, and by how much visibility is reduced in the SJV, the major PM components that contribute to light extinction, and how visibility-reducing particles are transported to pristineprestine areas.  



	Motivation:  The relationships between suspended particles and light extinction are well-established (Malm, 1979; Watson and Chow, 1994), and reductions in PM10, and especially the PM2.5 fraction, are likely to cause improvements in the frequency, intensity, and duration of visibility peaks.  However, the frequency and magnitude of reduced visibility in the valley is not well understood as well as the impact of the transport of visibilityvisitility reducing pollutants to downwind pristine areas.



8.	Annual Average:  How do 24-hr average PM concentrations that exceed 24-hr PM standards impact the related current or proposed annual average standards and what is the impact of PM values between an annual standard and its related 24-hr standard on annual average PM concentrations?  Which chemical components, as a function of space and time, play the most important role in defining annual average concentrations?

	Objective:  These data analyses will determine what factors are most important for attaining the annual average standard.



	Motivation:  Annual average PM10 concentrations exceed the current Federal and state PM10 standards in many locations in the San Joaquin Valley of California.  It is likely that annual average PM2.5 concentrations will also exceed proposed future Federal PM2.5 standards.  PM10 or PM2.5 annual average values are influenced by peak PM concentrations that occur during any season of the year (i.e., during any of the conceptual model scenarios describe below).  A determination is needed as to which periods most strongly influence the annual average and whether controlling the peak concentrations during those periods will allow for compliance of current and proposed annual average standards.  Also impacting the annual average PM concentrations are non-episodic PM concentrations with values greater than the annual average standard but less than the 24-hr standard.  An evaluation of the chemical components for lower PM levels is needed for an improved understanding of source and receptor relationships impacting the annual average.  This determination is needed in both space and time as sources and meteorology during different seasons will impact the annual standard differently, as well as different land use patterns, e.g., urban vs. agriculturally dominated.



9.	Other Pollutants:  What is the relationship of PM and PM precursors peak to other pollutant issues, such as ozone?

	Objective: These data analyses help to determine to develop and refine a conceptual model for the interrelationships among and between the various pollution issues.



	Motivation:  Because of the recognized relationships among pollutant issues, there is now a desire at the Federal level to begin an integrated approach to pollution control for ozone, PM, visibility, and regional haze.  Other programs (e.g., NARSTO Continental and the SCAQS97) are also recognizing these relationships and are attempting to develop integrated programs and obtaining information on ozone, PM (particularly PM2.5), and their related precursor species.  Thus, integrated studies to develop a more comprehensive conceptual model and to develop and test comprehensive air quality models must be initiated and must include air quality, meteorological, emissions, and deposition measurements.



10.	Integration and synthesis:  What have we learned and what are recommendations for future studies.

	The intent of this task is to integrate and summarize the information from the previous 9 questions, indicate what fraction of each question has been answered for each phase, clearly define where knowledge gaps still exist, and recommend what studies need to be implemented to obtain the information needed to fill those gaps.  Analysis of existing data has already identified four types of peaks or conceptual models that are differentiated based on meteorological conditions and/or major chemical components/source types.  A clear and accurate conceptual model describing the causes for  of annual average standards still needs to be developed.  Therefore, one aspect of the synthesis effort will be to modify and refine the initial conceptual models, determine how often each occurs when PM10 and/or PM2.5 concentrations are high, and develop a conceptual model for the annual average.  Specific sub-questions regarding the conceptual models to be addressed under the integration task include:



	--How accurate and prevalent is the low wind speed (< 10m/s) fugitive dust conceptual model?  The highest PM10 concentrations are dominated by fugitive dust contributions resulting from a nearby activity, such as tilling, construction, traffic on a dirty paved road, or excessive traffic on an unpaved road.  This can occur at any time during the year, but it is most prevalent during the summer and fall when the land is dry and agricultural and construction activities are more numerous.  The impact of fugitive dust on fine particle (< 2.5 um AD) emissions occurring during this scenario will also be evaluated as this may impact attainment of proposed PM standards using PM2.5 as the indicator.



	--How accurate and prevalent is the high wind speed (> 10m/s) fugitive dust conceptual model?  The highest PM10 concentrations in this scenario are dominated by fugitive dust contributions, resulting from suspension, elevation to high altitudes, and transport by high speed winds.  These high winds often precede a frontal passage.  The impact of fugitive dust on fine particles (< 2.5 um AD) emissions occurring during this scenario will also be evaluated.  Activities will also examines when wind speeds are high and no excessive 24-hr average PM10 concentrations are observed (i.e., values at or above the annual average standard) to determine how dust contributions might be reduced under these conditions as PM at these concentrations may impact annual average concentrations.



	--How accurate and prevalent is the clear sky stagnation model?  The clear sky stagnation model usually occurs between mid-September and mid-November, when PM consists of a combination of fugitive dust, agricultural burning, motor vehicle exhaust, and secondary ammonium nitrate contributions.  Since temperatures are moderate and relative humidities are low, nitrate may be more influenced by nearby ammonia sources than by low temperature equilibria.



	--How accurate and prevalent is the stagnation with fog model?  The stagnation with fog model describes elevated PM situations dominated by the PM2.5 size fraction, especially ammonium nitrate, that occur across the majority of central California during winter months (typically mid-November through mid-February).  The maximum concentrations often occur between (not during) intense fogs, though fog is present somewhere at some time nearly every day.  A combination of primary and secondary contributors is needed to exceed standards.



	--What drives exceeds of the annual average standard?  Current annual average Federal and state PM10 standards are exceeded at numerous locations within the San Joaquin Valley.  The current model indicates that these exceeds are not dominated by peak values, but are the result of a sufficient number of days with concentrations above the annual average standard value but below the value of the 24-hr average standard.  A combination of primary and secondary pollutants contribute to exceeds of the annual average with crustal material dominating during dry periods and secondary species dominating during the winter when fog, rain, and stagnant conditions keeps the soil related material on the ground.



A number of other questions will be addressed in the integration section, including imprecisions in source contribution estimates and the effect of population growth and changes in emissions due to currently implemented or proposed emissions reduction efforts.





Though the data analysis activities are framed in terms of producing an output (plots, tables, model results), these are of little value without interpretation.  As stated above, each activity has a specific goal of stating and justifying conclusions regarding the answers to each question.  These conclusions, their justifications, and their exceptions are the essential part of each activity.  The activity is not complete without them, and the mere production of tables, plots and model results without critical examination and introspection is an unacceptable outcome for the investigator with responsibility for the activity.



The remainder of this data analysis plan will be concerned only with IMS95 data analysis activities and others given in the overall data analysis plan have been omitted.  For consistency, however, codes indicating the use of historical data or needed data from future studies have been retained.  This plan also only presents the specific questions and describes proposed activities for analysis of IMS95 data, but does not provide answers or partial answers to the proposed questions based on the historical analysis.  That information will be available either in the overall data analysis plan or in separate reports by the investigators performing the historical analysis activities.  The plan in itself is ambitious, and it is unlikely the IMS95 data will fully answer any of the major questions, and even most of the sub-questions.  The intent of this effort is to provide well defined incremental steps towards answering the major questions or even sub-quesitons, and most importantly, indicating knowledge gaps and recommending future approaches to filling those gaps.
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