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I.
INTRODUCTION

The overall goals of the California Regional PM10/PM2.5 Air Quality Study (CRPAQS) are to: 1) provide an improved understanding of PM emissions, composition, and dynamic atmospheric processes; 2) establish a strong scientific foundation for informed decision making; and, 3) develop methods to identify the most cost-effective emission control strategies to achieve the PM10 and PM2.5 standards in central California.  A suite of objectives have been identified in order to meet these overall study goals.  The purpose of this document is to outline these objectives, identify the analytical methods that will be used to meet them, specify data needs for each proposed analysis method, and compare these to what is being collected as part of the field monitoring program.   This document thereby provides not only a clear specification of study objectives and methods, but also establishes a feedback mechanism between objectives, data needs and planned aerometric and emissions measurements. 

Both general and specific approaches are listed for meeting the stated objectives.  Typically, about 5 to10 different calculations, computations, or comparisons are described for implementing each specific approach.  Specific data analysis approaches are drawn from the overall data analysis plan for the study (Watson 1996a) as well as the data analysis plan for the 1995 Integrated Monitoring Study (Watson 1996b).    The assessments of current understanding, data needs, and principal knowledge gaps are drawn from historical data analysis and modeling reports (Lurmann 1996, Watson 1997) and from the various IMS95 data analysis reports (see comprehensive reference list at end of document).   The discussion of data adequacy for each proposed method is based upon the proposed field monitoring campaigns described in detail in the study aerometric field monitoring program plan (Watson 1998).  Tables 1 and 2 appended to this document provide a summary of the aerosol measurements that will be acquired at each type of site and the methods and averaging times that will be applied, while Table 3 summarizes the upper air meteorological monitoring network. Items addressing costs of added data acquisition/tradeoffs and recommendations are currently left blank.  These issues will be addressed by the Technical and Policy Committees in defining the version of the field program which is ultimately implemented.  

The proposed analyses are grouped into eight general categories with their associated objectives:

1.  Characterization of PM

· Characterize ambient PM2.5/PM10 throughout the study: concentrations, chemical composition, and size distributions, including seasonal, temporal, and spatial variability.

· Characterize meteorological conditions associated with high PM concentrations.

· Characterize visibility, including seasonal, temporal, and spatial variability. 

· Develop guidelines for assessing the extent to which adverse PM episodes are meteorologically driven vs. emissions-driven.

2.  Atmospheric Processes Contributing to PM Formation

· Develop a better understanding of key chemical and physical processes that contribute to elevated PM concentrations.

· Determine which precursors (VOC, NOx, NH3, HNO3, SO2) limit the formation of secondary aerosols, as a function of location and time of day.

3.  Emissions Estimation and Verification

· Develop reliable estimates of PM, VOC, NOx, and NH3 emissions.  For PM, determine chemical composition and size characteristics.  For VOCs, determine chemical composition.

· Explain discrepancies between emission inventories and ambient measurements with respect to the relative amounts of PM derived from geological and combustion sources.

· Understand the role and contributions of biogenic emissions to secondary organic pollutant formation in central California.

4.  Transport and Related Impacts

· Determine the extent of transport of precursors and secondary pollutants between the San Joaquin Valley (SJV) and major California air basins - the Bay Area, the North Central and Central Coast areas, the Sacramento area, the southeast desert area, and the Sierra Nevada – and the contributions of these transported pollutants, by area of origin, to ambient PM concentrations in the receptor areas during each season of interest.

· Estimate the contributions of emissions from one portion of the southern Central Valley to ambient PM concentrations in other portions, where the Valley is divided into the Sacramento area, the North SJV (Modesto, Stockton), central SJV (Fresno), and south SJV (Bakersfield), as well as contributions within each sub-area (i.e. east side versus west side of Kern County).

· Estimate the contribution of pollutants transported from central California to visibility impairment in the southeast desert and in Class 1 areas, notably national parks and forests.  Estimate the impacts on visibility impairment in these areas resulting from possible emissions reductions in the SJV.

· Develop procedures for assessing, for non-attainment areas, the upwind extent of the source region that should be subject to emissions reductions (i.e., the "zone of influence" issue) and its variation with chemical constituent and meteorological regime.

5.  Model Adaptation and Evaluation

· Assess the degree of reliability of models for estimating ambient pollutant concentrations.

· Establish modeling capabilities for use in reliably estimating future air quality for hypothetical scenarios.

6.  Emission Reduction Requirements and Impacts

· For monitoring sites located in central California having exceedances of the 24-hour and/or annual standards, determine which categories of sources contribute significantly to ambient concentrations, the relative proportion of their contributions, and the anticipated benefits of emissions reductions.

· Estimate the impact on ambient ozone concentrations of emissions reductions that are contemplated for reducing PM concentrations, and vice versa.

7.  Attainment-related Concerns

· Determine the effects of meteorological variability on the likelihood of exceeding the standards.  Assess the likelihood of "flip-flopping" into and out of attainment of the standards.

· Determine the extent to which high 24-hour average values contribute to exceedance of the annual average standard, regardless of whether the 24-hour average standard is exceeded.  Assess the relative impacts of types of episodes on the annual average.

· Evaluate the extent to which the long-term PM monitoring networks represent levels to which larger populations are exposed under a variety of emissions and meteorological conditions.

8.  Conceptual Models

Objectives:

· Refine conceptual models that explain the causes of elevated PM concentrations and interactions among emissions, meteorology, and ambient PM concentrations.

II.
DISCUSSION OF APPROACHES

1.  Characterization of PM

Characterization analyses are expected to contribute to the successful completion of later topics as well.  

Objectives:

· Characterize ambient PM2.5/PM10 throughout the study: concentrations, chemical composition, and size distributions, including seasonal, temporal, and spatial variability.

· Characterize meteorological conditions associated with high PM concentrations.

· Characterize visibility, including seasonal, temporal, and spatial variability. 

· Develop guidelines for assessing the extent to which adverse PM episodes are meteorologically driven vs. emissions-driven.

General Approaches:


Analyze data collected, (a) as a part of the study, (b) during the period of the study, but under other auspices, and (c) earlier, i.e., historical, data.  Build on analyses conducted to date; see reports describing this work.  Revisit selected past analyses in light of the availability of new data.  

Conduct analyses stratified by meteorological characteristics and in turn emissions characteristics as appropriate.  Approaches will include relational (such as regression), correlational, graphical (such as visual recognition of patterns), time series, and principal component (and similar) analyses.  

Apply models to selected periods during the study and to selected historical periods.  Compare results of modeling and data analyses.

Specific Approaches: 

1.1  Determine the fraction of PM10 that is PM2.5 and how this relationship changes with measurement site, season, and environmental conditions (i.e., T, RH). 

Approach: 

Create PM2.5/PM10, PM10/coarse, 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.  Assess these ratios for peak and non-peak periods 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 daily emissions activity surveys.  Develop similar scatter plots and stacked time series plots using grid-based modeling results.  Assess the consistency of measured and modeled results.

Current Understanding:

· On average, about 50% of PM10 is in the PM2.5 size fraction at all sites.  For winter, however, PM2.5 is 70% to 80% of PM10, and during fall PM2.5 is 50% to 60% of PM10 (Watson 1997).  

· PM10 and PM2.5 are highly correlated during different seasons, but their regression slopes are not consistent.  There are some significant outliers from the predictive relationship, especially outside of winter (Watson 1997).

· During non-winter months, the highest concentrations of PM10 are dominated by crustal material and have little spatial homogeneity. The PM2.5 geological components of aluminum, silicon, iron, and titanium are about 10% of their corresponding values in the PM10 fraction.  The PM2.5 fraction is dominated by nitrate, sulfate, ammonium, organic carbon and elemental carbon which account for 75% to 80% of the PM2.5 mass. 

· Average PM2.5 ammonium, nitrate, and sulfate concentrations are similar among the urban and non-urban sites. The spatial homogeneity of PM10 and PM2.5 mass concentrations is similar, and is most homogeneous between the two major cities, Fresno and Bakersfield. Crustal contributions are not evenly distributed in the PM10 fraction but are more homogeneously distributed in the PM2.5 fraction (Watson 1997).

· Geological material in the PM2.5 fraction is highly correlated with geological material in the PM10 size fraction.  Geological PM2.5 is in the smaller size fraction of the coarse mode rather than in the upper size range of the accumulation mode.  On average 2% to 9% of PM2.5 mass is contributed by this coarse mode aerosol.  For individual samples, the geological PM2.5 can approach 50% of the PM2.5 mass.  This extreme usually occurs when PM2.5 concentrations are relatively low, however, and at non-urban sites (Watson 1997).
Principal knowledge gaps

PM10 composition has been well characterized over the period 1988-98 at a limited number of sites and more extensively for limited periods of time, e.g., during IMS95.  PM2.5 has been characterized at a more limited number of sites with dichotomous samplers and during special studies.  The principal needs are to develop a longer record of PM2.5 composition at numerous sites and to maintain an adequate temporal record for PM10, permitting analysis of long-term trends and evaluation of weather-induced variations over time.

Data needs

Measure PM10 and PM2.5 at ~ 20 urban and rural sites for at least one year, with 24-hour time resolution and a sampling frequency between daily and once-per-six-days.  Measure speciation and collect simultaneous meterological measurements of hourly T, RH, WS, and WD. 

Adequacy of planned data acquisition

PM10 and PM2.5 mass measurements will be obtained at over 125 and 65 ARB backbone sites, respectively.  PM10 ion analyses will be obtained at  over 40 sites and complete PM2.5 chemical speciation will be determined at over 25 sites.  Complete PM2.5 speciation will also be obtained at anchor and satellite sites at the requisite temporal resolution and frequency or better. 

Costs of added data acquisition and potential trade-offs

Recommendations

1.2  Determine the day-to-day and diurnal variations in PM mass and chemical components and in PM precursor species concentrations.

Approach:

Calculate a nitrogen, sulfur, crustal material, and organic species balance for each sample.  Plot PM10 and PM2.5 mass and composition and precursor species concentrations as a function of time for sites collecting data at a frequency greater than once per day 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) peak and non-peak days for PM10 and PM2.5 and their chemical components and assess dominant species in each size fraction by time of day and time of year.  Plot spatial pie charts and describe spatial patterns as a function of time of day and time of year.  Compare peak periods to periods of lower PM concentrations as a function of the time of day and location by site type or site environment.  As appropriate, conduct similar analyses using grid-based modeling results and assess the consistency of measured and modeled values.

Current Understanding:

· Exceedances of the PM10 and PM2.5 standards require a minimum buildup period of three to four days.  Longer buildup periods translate into generally higher concentrations (Chow 1997).

· Significant diurnal variations in PM concentrations occur during the winter months.  Urban sites exhibit the greatest variations, with up to a factor of 10 difference between highest nighttime concentrations and lowest daytime concentrations.  Diurnal variations at rural sites are not as pronounced, with highest PM concentrations occurring midday.  The diurnal pattern observed at urban sites was driven by organic and elemental carbon, while the rural pattern was driven by secondary ammonium nitrate (Chow 1997, Magliano 1998).

· Secondary ammonium nitrate concentrations peak midday at both urban and rural sites.  Carbon concentrations peak midday at rural sites, and during the night at urban sites.  Sulfate concentrations were highest midday at urban sites and at night at rural sites (Chow 1997, Magliano 1998, Kumar 1998).

· Temporal variability is greater than spatial variability for secondary aerosol species (Kumar 1998).

· NO and NO2 diurnal patterns during the winter exhibit a pattern indicative of daytime NO to NO2 conversion.  NO fractions were generally highest at night and early morning while NO2 fractions were highest midday and late afternoon (Kumar 1998).

· SO2 diurnal patterns during the winter were fairly flat at urban sites, with a slight daytime peak at rural sites (Kumar 1998).

Principal knowledge gaps:

Diurnal variation of PM mass and species concentrations were studied during IMS95.  The causes of diurnal variations are not well established, and may include emissions variations, mixing of aloft pollutants, photochemical production, and variation of mixing height.  Enhanced understanding of these processes will contribute to the overall conceptual model.  

Data needs:

Chemical and meteorological data of high (5 to 30 min) temporal resolution are needed from ~2 urban, ~2 near-urban, and ~2 rural sites.  Fresh emissions can be identified as spikes, with plume width and distance indicated by spike duration.  Mixing and photochemical production are indicated by simultaneity of concentration rise and fall among sites during mid-morning and mid-day, respectively; time lags among sites are indicative of surface transport.  Measurements of both gas-phase and particulate species are needed.


Adequacy of planned data acquisition:

During the annual study, the portable DUSTRAK nephelometers will provide measurements of a mass surrogate (bsp) at 5-minute resolution daily at 5 sites and once every six days at 31 sites.  Additional 5 to 30-minute time resolution measurements of PM2.5 or PM10 mass, and some species such as nitrte and sulfate, will be available from the 5 to 13 sites during the winter study.  Suitable contrasts can be made between the urban and rural sites.  The progressive diminution of spikes from urban to near-urban to rural sites may be observable.  The Angiola site may exhibit fall concentrations characteristic of the Corcoran sub-regional background.  

Costs of added data acquisition and potential trade-offs:

Recommendations:

1.3  Determine PM concentrations at the boundaries, and how they vary temporally and spatially.  Determine natural background concentrations and composition (not influenced by anthropogenic sources), regional background (possibly influenced by anthropogenic sources) and boundary conditions. 

Approach:

Review and extend efforts conducted under IMS95.  If needed, provide a clear definition of what is a boundary site and what is a background site (natural and regional) for use by data analysts and by modelers.  The definition may change as a function of: 1) season, and 2) local versus regional considerations.  All assumptions associated with the definitions need to be clearly defined.  Plot PM mass and composition and precursor species concentrations at boundary sites.  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 boundaries vary during the day?  Determine how boundary concentrations vary as a function of season and peak versus non-peak days.  Indicate which sites act as boundary and which act as background sites.  As appropriate, assess the consistency of regional modeling results and measurements at boundary sites.

Current Understanding:

· Clean air background and sources outside the region do not appear to play a significant role in determining Valley concentrations during fall and winter PM episodes (Collins 1998).

· Clean-air and non-anthropogenic background sites do not currently exist as part of ongoing or previous special study networks (Collins 1998).

· Elevated boundary sites experienced very low concentrations (50-10 ug/m3) at the onset of episodes, but eventually reach concentrations equaling concentrations at non-urban sites on the Valley floor by the end of the episode (Collins 1998).

Principal knowledge gaps:

The transition distances from sub-regional to regional background concentrations are not well known.  Under winter stagnation conditions, air movement may be so limited that it is not meaningful to characterize sites as boundary or flux-plane sites; however, boundary concentrations at commencement of episodes can be characterized and compared with episode peaks.  Non-anthropogenic background concentrations are unknown.

Data needs:

To characterize regional and sub-regional backgrounds, data are needed from IMS95 core sites, ~2-3 sites near the peripheries of each IMS95 urban saturation network domain (preferably, sites identified as sub-regional background sites by the IMS95 data analysis, such as C02), and ~4-6 rural Valley sites (e.g., the IMS95 sites southwest of Chowchilla or at Kern Wildlife Refuge).  ~ 8 boundary sites will be needed (2 N, 2 E, 2 S, 2 W).

Adequacy of planned data acquisition:

Adequate numbers of boundary and rural sites are planned for the winter and annual studies.  Satellite sites for the fall study and the annual-study rural sites are adequate for defining transitions from peak to regional background concentrations during fall.  Angiola may experience concentrations typical of the fall Corcoran sub-regional background.  The near-urban background sites around Fresno and Bakersfield (i.e., 10-20 km from the core sites) will help define the transition from urban peak through near-urban background to regional background concentrations.

Costs of added data acquisition and potential trade-offs:

Recommendations:

1.4  Determine the relationships between peak PM concentrations and regional and synoptic meteorological variables.

Approach:

Review and extend efforts conducted under IMS95 and SARMAP.  For the CRPAQS study period, fully describe the meteorological situation for each PM or ozone episode of interest, using synoptic weather maps, hourly maps of winds, temperature, relative humidity, and fog, and available 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 periods and how key meteorological variables change 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.  Create hourly interpolated wind fields.  Analyze surface and upper air transport using 3-dimensional particle paths.  Assess the consistency of meteorological model outputs with measured values of WS, WD, T, and RH, both near the surface and aloft.  If tracer releases areconducted, reconcile particle paths with tracer concentrations.  Research new meteorological field measurement and forecast techniques, such as satellite derived wind and temperature products and real-time MM5 output.  Develop PM forecasting tools, such as new PM2.5 forecast equations, forecast evaluation software, and graphical forecast maps.  Compare findings with earlier meteorological characterizations and evaluate the representativeness of the study period. 

Current Understanding:

· Maximum and annual average PM10 are much higher during drought years.  These years experience longer periods of high pressure between wintertime storms that allow primary and secondary contributions to build up.  More surface moisture and vegetation during other parts of the year suppress dust.  PM10 levels are now much lower than they were during the 1987 to 1992 drought (Lehrman 1996).

· Morning and evening 850 mb temperatures from the Oakland sounding are the most reliable meteorological indicator of winter and fall PM exceedances.  This is associated with persistent high pressure systems.  Low to negative pressure gradients between Oakland and Reno or Las Vegas are also highly associated with the high pressure system (Lehrman 1996).

· The presence or absence of fog is not a reliable indicator of excessive PM.  Intense fog attenuates PM levels by increasing deposition rates.  Fogs form as a by-product of the limited mixing caused by high pressure after storms have deposited substantial surface moisture.  They co-occur with, rather than serve as the major causes of, secondary nitrate formation.  (Lehrman 1996, Watson 1997).

· A necessary condition for high PM concentrations during the winter is a wind speed below 2-3 m/s.  However, a low wind speed in and of itself does not necessarily result in a high PM concentration (Carr 1998a).

Principal knowledge gaps:

The meteorological conditions that lead to high PM are qualitatively well -known.  Quantitative statistical relationships have not been established, though regression-based forecasting methods are being used and refined.  Meteorological typing (e.g., through CART analysis) has not yet been undertaken.  Frequencies of each type of meteorological condition and the associated probabilities of high PM are not yet established.  The meteorological representativeness of the annual, fall, and winter CRPAQS studies will need to be evaluated.

Data needs:

Surface meteorological measurements are needed at all chemistry sites.  Accurate measurement of wind speeds less than 1 m s- 1 is needed.  Also needed is accurate measurement of relative humidity.  Upper-air data are needed to support calculation of mixing heights, pressure gradients, and 3D flows.  

Adequacy of planned data acquisition:

Surface and upper-air meteorological siting is adequate.

Costs of added data acquisition and potential trade-offs:

Recommendations:

1.5  Determine correspondence of elevated wind speeds and PM concentrations.

Approach:

For PM or surrogate concentrations, calculate and plot average PM concentrations as a function of wind speed at each site.  If possible, identify the wind speed threshold at which PM concentrations begin to increase.  Examine these thresholds with respect to the threshold velocity for each type of wind measurement instrument.  Sort wind speed data from sites near PM monitors by wind speeds and examine times and dates for clusters of below-threshold winds that correspond to a PM measurement.  Determine the duration of wind-speed-induced events and estimate the minimum duration needed to make significant contributions to 24-hour average concentrations.  Contrast high wind speed situations that do and do not correspond to high PM concentrations and postulate causes for lack of correspondence.  Compare the measured PM and crustal source contribution estimates to similar meteorological conditions with low wind speeds.  For samples that exceed the standards, determine how many contain significant contributions from geological sources.   As appropriate, conduct similar analyses using grid-based modeling results and assess the consistency of measured and modeled values.

Current Understanding:

· Wind speeds at existing stations exceeding 8 m/s are necessary, but not sufficient, indicators to predict windblown dust emissions.  Wind gusts can raise dust in areas without monitors, or they can be of short enough duration that gusts are averaged into less intense winds during an hour.

Principal knowledge gaps:

The frequency and extent of elevated PM concentrations due to high wind speeds are not well known.

Data needs:

High time-resolution meteorological and speciated PM data are needed.

Adequacy of planned data acquisition:

Adequate (5-minute) data will be available from the anchor sites.

Costs of added data acquisition and potential trade-offs:

Recommendations:

1.6  Determine the spatial representativeness of receptor sites under various meteorological conditions and during peak and non-peak periods.  

Approach:

Review and extend results of IMS95 analyses.  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 surroundings over the course of a year.  Determine the spatial representativeness of study and existing routine monitoring sites during both episode and non-episode conditions and by season.  Evaluate whether site classifications, spatial representativeness, and spatial scales of influence change during the sampling periods, between the different sampling periods, under different meteorological conditions, or due to variations in source strength?  Plot existing and study networks and overlay with the spatial scale each site represents.  Compare to population distributions and locations of major source types/land-use types.  

Current Understanding:

· During IMS95 spatial representativeness varied considerably among sites, days, and chemical components.  Averaged across all days, the mean fraction of the saturation monitoring domain which recorded concentrations within 20% of those at the core site were:  Corcoran - 87%, Kern Wildlife - 79%, Bakersfield - 65% and Fresno - 44%.  Population-based representativeness was approximately equal to or slightly greater than areal representativeness.  High representativeness and high concentrations were correlated (Blanchard 1998).  

· The Corcoran core site represented domain-wide average concentrations well .  It did not however capture peak concentrations within the saturation network.  Site C05  recorded PM10 concentrations up to 130 ug/m3 greater than concentrations at the core site (Blanchard 1998).  
· The Bakersfield and Fresno core sites tended to better represent peak concentrations within their respective saturation networks.  Differences between PM10 concentrations at the core sites and the maximum saturation sites averaged less than 5 ug/m3 (Blanchard 1998).  
· During the winter population-based representativeness exceeding 90% was achieved by supplementing the core site with only two additional sites (Blanchard 1998).
· Spatial representativeness was greatest for secondary species and least for crustal and carbonaceous components (Blanchard 1998).
Principal knowledge gaps:

The spatial representativeness of receptor sites was well characterized using data from the IMS95, but conclusions are temporally limited.  

Data needs:

Data are needed from saturation networks having sites spaced at a scale of ~ 10 km.  Interpretation is most straightforward if sites are placed uniformly or randomly, and are not all source-oriented sites.  Daily measurements of PM mass suffice, but speciation provides additional information about PM components.  

Adequacy of planned data acquisition:

During IMS95, PM mass concentrations varied by 20 percent over distances of about 5 to 15 km from the core sites.  During the fall CRPAQS study, it will be possible to characterize representativeness at scales of about 0.5 km (using DUSTRAK nephelometers) to 10 km (using portable PM samplers at 5 sites).  DUSTRAK nephelometers will also be operated daily at 39 sites during the winter study, though the spatial scale will exceed 10 km.  Approximately 3 to 6 PM10 sites will be located in the vicinity of each of several cities (San Jose, Sacramento, Stockton, Fresno, and Bakersfield), permitting some assessment of spatial representativeness in each of those locations over the duration of the annual study.

Costs of added data acquisition and potential trade-offs:

Recommendations:

1.7  Determine the spatial and temporal characteristics of visibility (total extinction and its components).  Determine where, how much, how long, and how often visibility reduction occurs in the SJV, Class I areas, and in the Mojave Desert.

Approach:

Review and extend analyses conducted for the IMS95 and for historical data.  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 at sites in central California, the Mojave Desert, and Class I areas where data are available from either nephelometers or human observers.  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 daily 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 at the surface and/or aloft in the Mojave Desert or Class I areas.  As appropriate, assess the consistency of measured and model-derived visibility degradation estimates for selected periods during the study.

Current Understanding:

· During the winter, some fog events are valleywide, while others affect only one end of the SJV or the other.  Fog events at Stockton, Modesto, and Merced are similar to one another, while Fresno fog patterns are more similar to those in Bakersfield.

· Higher wintertime light scattering at night observed at rural sites compared to urban sites is due to the greater presence of fog outside the cities (Main 1998).

· There is a minimal effect on visibility in the desert during the winter due to aerosol generated in the SJV and other central California source regions.  The SJV and the South Coast supply the majority of visibility reducing particles to the Mojave desert during the summer (Main 1998, Watson 1997).

Principal knowledge gaps:

The spatial and temporal characteristics of visibility have been well characterized during IMS95 and in the historical (1988-95) data base.  There is a need to continue this characterization during the CRPAQS.  The covariability of visibility and particulate mass at fine-time resolution are not known.

Data needs:

Some of the new ARB backbone sites are collocated with existing instrumentation, including ARB heated nephelometers.  However, the existing ARB nephelometer network is not intended to provide quantitative data; if data from those nephelometers are used, the instruments must be calibrated and audited.  There is a need to collocate open, unheated, and heated nephelometers to establish data comparability.  Additional nephelometers are needed in Fresno, Kern Wildlife Refuge, Tehachapi Pass, Lake Isabella, the transport paths to Yosemite and Sequoia National Parks, China Lake, Mojave, and Edwards Telhill.  Characterization of fine-time resolution covariability of nephelometer and particulate data will require sampling with ~5-10 minute resolution.

Adequacy of planned data acquisition:

Portable nephelometers will provide broad coverage (36 sites) during the annual study.  The CRPAQS anchor and satellite sites will be sufficient, except along the transport path to Yosemite National Park.  If calibrated and compared with unheated nephelometers, the existing heated ARB nephelometer data may be useful.  High temporal resolution sampling is adequate: 5-min nephelometer, aethalometer, and particulate data will be available from 3 anchor sites throughout the annual study and 2 additional sites during the winter study.

Costs of added data acquisition and potential trade-offs:

Recommendations:

1.8  Determine where, how much, how long, and how often different chemical constituents contribute to different levels of visibility reduction.

Approach:

Using chemically-speciated and size-segregated aerosol concentrations obtained during the study, 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.  Compare findings with those of previous analyses.

Current Understanding:

· During the winter ammonium nitrate is the largest contributor to light extinction, with organic carbon, elemental carbon, and sulfate contributing substantially on some days.  Crustal material is usually a small contributor during the winter (McDade 1998).

· During the winter, light scattering due to particles was the major contributor to total light extinction accounting for 75% at Bakersfield and 60% at Fresno.  Most of the rest of the light extinction is due to absorption by particles (Main 1998).

· During the summer, organic carbon, elemental carbon, and ammonium sulfate are the largest contributors to light extinction, especially once concentrations reach the Mojave Desert where high temperatures and a dearth of ammonia cause available ammonium nitrate to evaporate (Watson 1997).

Principal knowledge gaps:

The contributions of different chemical constituents to visibility reduction have been estimated during IMS95 and in the historical (1988-95) data base using empirical extinction efficiencies.  There is a need to update these assessments using the CRPAQS data.  Since size-resolved, chemically speciated data were obtained only at Bakersfield (10 samples) during IMS95, it is not known how well the derived RH-dependent extinction efficiencies apply to other monitoring locations or other seasons.  Existing ARB nephelometer data from Sacramento, Stockton, and Modesto cannot be reconstructed adequately using extinction efficiencies that worked well during the IMS95; however, the difficulty may lie in the nephelometer data.

Data needs:

Size-resolved, chemically speciated data are needed to determine extinction according to Mie theory and to ascertain the generality of the emprical RH-dependent extinction efficiencies.  Empirical extinction efficiencies can be applied to 24-hour resolution speciated site data.  Accurate nephlometer data are needed.

Adequacy of planned data acquisition:

Size-resolved, speciated data are to be collected at Fresno using a MOUDI sampler during the winter study, so Mie-theory calculations can be done for that site and time period.  Using existing extinction efficiencies, or efficiencies derived from the Fresno MOUDI sampler, extinction budgets can be constructed for anchor, satellite, and backbone sites, provided accurate nephelometer data are available for comparison. 

Costs of added data acquisition and potential trade-offs:

Recommendations:

2.
Atmospheric Processes Leading to PM Formation
Objectives:
· Develop a better understanding of key chemical and physical processes that contribute to elevated PM concentrations.

· Determine which precursors (VOC, NOx, NH3, HNO3, SO2) limit the formation of secondary aerosols, as a function of location and time of day.

General Approach:
Use available measurements to characterize the importance of suspension, advection, diffusion, and deposition processes and their influence on PM levels under various meteorological conditions.

Analyze gas- and aqueous-phase chemistry measurements to characterize the key processes that influence the development of secondary aerosols.  Use these measurements to determine important factors that may limit aqueous-phase aerosol formation.

Apply methods developed for analyzing pollutant-limiting situations.  The latter include those developed by Blanchard et al. (for both the gas phase and aerosol systems), Cardelino and Chameides (for ozone), and Stillman (for ozone).

Specific Approaches:

2.1  Examine suspension and deposition properties of wind blown dust.

Approach:

Using vertical measurements of PM, estimate the attenuation of PM concentrations with height as a function of wind speed adjacent to and at different downwind distances from windblown dust sources.  Where particle size fractions are available, estimate differences in vertical extent for differing particle size ranges.  Using upper air temperature and wind data, estimate the depths of mixed layers when wind speeds exceed thresholds.  Calculate the degree to which surface emissions are diluted as they mix through this layer uniformly and according to vertical profiles.  Determine how much and how long windblown dust emissions would persist to create constant concentration increments of 10 ug/m3.  Estimate potential transport distances that balance suspension and deposition for different levels within the boundary layer.  For selected periods, assess the consistency of emissions and grid-based modeling results as they relate to the suspension and deposition of wind-blown dust.

Current Understanding:

· Unknown

Principal Knowledge Gaps:
Little is known.

Data Needs:
Controlled experiments utilizing high time- and space-resolution sampling are needed.

Adequacy of Planned Data Acquisition:
The planned experiments are adequate.

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
2.2  Determine how PM and precursor species disperse and dilute under low wind conditions and the role of diffusion versus advection.

Approach:

Review and extend efforts conducted under IMS95.  Characterize vertical and horizontal mixing and dispersion of pollutants during low wind speed conditions using data collected during appropriate study periods.  Based on data analysis and modeling, and using meteorological data from the existing network, if adequate, estimate the role of diffusion versus advection under organized flow regimes during stagnant, low wind speed situations as potential mechanisms for pollutants to mix.  Perform time series analysis and develop frequency distribution plots to 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.  For selected periods, assess the consistency of wind estimates developed from meteorological models with the measured values.

Current Understanding:

· During stagnation events (wind speeds <1 m/s) diffusion processes tend to dominate over advection processes.  The duration of stagnation events measured during IMS95 were typically less than 5 hours (Carr 1998b).

Principal Knowledge Gaps:
The frequency of low wind speeds will need to be determined during CRPAQS.  Sporadic breakdown of nocturnal stable layers has been hypothesized and was observed during one of eleven 3-hour periods in IMS95; their long-term frequency and potential significance for pollutant movement are unknown but may not be as important as other mechanisms of pollutant dispersal.

Data Needs:
Low-threshhold anemometers are needed.  Nocturnal stable-layer breakdown can be studied with minisodar (1 minute temporal resolution, 5 m vertical resolution, 15 m lower limit).

Adequacy of Planned Data Acquisition:
Nine annual-study sites will have R.M. Young low-threshhold anemometers (accuracy of +/- 0.25 m s- 1 at 0 to 5 m s- 1.  Conventional sodars (11 sites for annual or winter continuous study) will probably not have the sensitivity needed to identify sporadic breakdown of the nocturnal stable layer (specs for conventional sodars are given as 15 minute temporal resolution; 30-50 m vertical resolution; 50 m lower limit).

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
2.3  Determine how well we understand dynamic atmospheric processes influencing the formation of secondary aerosols from primary aerosols and secondary aerosol precursors and their relationship to phase properties (liquid, solid, gas).

Approach:

Examine gas, aerosol, and aqueous phase data collected during the study periods 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 of selected chemical species, 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.

Current Understanding:

· During the winter, NO is oxidized to NO2 and HNO3 in the daytime via photochemical reactions.  The aerosol phase is thermodynamically favored both day and night.  However, the majority of nitrogen occurs in the gas rather than the particle phase.  On average, during IMS95, only 12% of the NOx oxidized to nitrate in the urban areas, and only 30% in non-urban areas (Kumar 1998). 

· During the winter, sulfate is formed primarily from daytime photochemistry in the urban areas, and from transport and fog reactions in non-urban areas.  On average, during IMS95, gas-phase sulfur dominated at urban sites (77%), while particle-phase sulfur dominated at rural sites (78%) (Kumar 1998).

· During IMS95, NOx and SOx species were more oxidized at Kern Wildlife Refuge than at the urban sites (Kumar 1998).

· During the IMS95 winter program, the gas-phase accounted for approximately 95% of carbon, with gaseous alkanes the most abundant species (Kumar 1998).

Principal Knowledge Gaps:
The spatial and temporal variability of secondary inorganic aerosol over a full one-year period has not been evaluated.  The IMS95 data showed higher concentrations of nitric acid than were predicted by thermodynamic equilibrium models, possibly as a result of sampling bias under conditions of high relative humidity, but perhaps resulting from non-equilibrium conditions.  

Data Needs:
The evaluation of phase distributions requires speciated PM measurements, along with gas-phase and liquid-phase concentrations.  Gas-phase species include HNO3, SO2, and NH3.  Aerosol species include sulfate, nitrate, and ammonium.  Co-located meteorological measurements (T and RH) are needed for equilibrium calculations.  High time resolution (< 1 hour) sampling can help in evaluating equilibrium.

Adequacy of Planned Data Acquisition:
During the annual study, sixteen satellite sites will have 24-hour resolution measurements of PM2.5 ions plus NH3 and HNO3, permitting evaluation of equilibrium (SO2 will not be measured, so the phase distribution of sulfur cannot be determined at these sites).  During the winter episodic study, high time-resolution ( < 10 minutes) measurements are planned for HNO3, SO2, NH3, sulfate, and nitrate, but not ammonium at 8 anchor or satellite sites. The lack of a high-resolution ammonium ammonium measurement may prove limiting.  However, 3-8 hour measurement of ions, HNO3, and NH3 will be collected on the 15 winter intensive days.  Phase distributions of sulfur can be evaluated at Bakersfield, which will have an SO2 monitor.

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
2.4  Examine diurnal co-variation with PM of ozone and photochemical precursors and end-products.  Determine the significance of contributions to particulate end products and their contributions to elevated PM10 and PM2.5 concentrations.

Approach:

Plot time series of ozone, oxides of nitrogen, VOCs (specific compounds where available), particulate nitrate, nitric acid, and PAN.  Plot time series of organic carbon to elemental carbon ratios to assess the potential for secondary organic carbon formation.  Examine available meteorological data and determine which afternoon peaks in photochemical end products are likely due to recent chemical transformation and which result from transport from upwind areas.  Determine whether or not photochemical end products associated with ozone formation are significant or insignificant contributors to PM concentrations that cause daily or annual exceedances.  Employ process analysis techniques in conjunction with grid-based modeling to determine the significant contributors to PM formation in various parts of the study domain.  Assess the consistency of these results with those developed from analyses of measured data.  In planning this effort, determine what types of modeling approaches may prove useful, from grid to box models 

Current Understanding:

· Ozone concentrations that exceed standards do not correspond to PM2.5 concentrations that exceed standards.  There have been some corresponding exceedances of the PM10 standard, but these are not consistent nor are they associated with secondary pollutants that derive from ozone formation.  While secondary nitrate and secondary organic aerosol are formed along with ozone, high temperatures keep most of the nitrate in the gas phase and favorable transport and dilution (relative to fall and winter) mitigate against the buildup of secondary organic aerosol (Watson 1997).

Principal Knowledge Gaps:
The rate of oxidation of NOx under varying conditions (T, RH, NOx concentration, ozone concentration) is not well quantified.  Ozone can be a significant source of free radicals.  Within similar ranges of T and RH, variations in concentrations of photochemical precursors and end-products may affect the rates and amounts of secondary inorganic PM.  Distributions of NOx and aerosol nitrate during IMS95 indicated that a lower fraction of NOx existed in oxidized form (12 to 30 percent) than was predicted by model calculations (oxidation rates of greater than 50 percent per day).

Data Needs:
High time-resolution measurements of a variety of gas-phase species are needed, including ozone, OH, CO, NO, NO2, NOy, PAN, HNO3, and SO2.  NO2 can be accurately measured with instruments employing photolytic converters and chemiluminescent reaction with ozone.  CO can be of use as an inert tracer, useful for establishing loss rates of NOy.  

Adequacy of Planned Data Acquisition:
Most of the necessary measurements will be taken at 5 winter sites, though not throughout the annual study.  NO, NOy, and HNO3 measurements are specified at 3 anchor and 2 winter continuous sites (BTI and SNFH).  Ozone and ammonia will also be measured at the same 5 winter continuous sites.  Measurements of PAN, OH radical, and peroxide will be conducted at Angiola.  Although PAN and NO2 will not be explicitly measured (except PAN at Angiola), the planned measurement of NO, NOy, and HNO3 (by difference of NOy with and without a nylon prefilter) will yield the sum of NO2, PAN, and organic nitrates.  Measurements of CO and true NO2 are lacking.  

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
2.5  Determine the extent of secondary organic formation and its variation as a function of season, time of day, and site. 

Approach:

Review 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, TC/OC and 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 use the more abundant OC, EC, and TC data to support the analysis and provide a wider spatial estimate of the fraction of secondary aerosols.
Current Understanding:

· Although photochemical processes that lead to secondary organic aerosols are slower in the winter than during the summer, long residence times for precursors could result in secondary organic aerosols accounting for approximately 20% of total organic carbon during the winter (Strader 1998).

· The amount of secondary organic carbon during the winter IMS95 program were similar at both urban and rural sites, averaging approximately 4.5 ug/m3 (Schauer 1998).

· Clouds and fog slow down the production of secondary compounds, reducing concentrations of secondary organic aerosol by a factor of two to three from clear sky levels (Strader 1998).  

Principal Knowledge Gaps:
Estimates of secondary organic aerosol production during IMS95 are of limited temporal duration.  Diurnal variations are not well characterized.

Data Needs:
High time-resolution measurements of organic and elemental carbon, gas-phase precursors (especially aromatics), and chemical species of organic particulate are needed over the course of the winter study and preferably throughout the year.

Adequacy of Planned Data Acquisition:
Adequate measurements of elemental and organic carbon, gas-phase carbon species, and particulate organic compounds will be made at 4 sites on 15 episode days during the winter study.  Elemental and organic carbon will also be measured continuously (30 minute resolution) at the three anchor sites throughout the year, and five sites during the winter continuous study.

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
2.6  Determine the mechanism(s) for introducing into the shallow mixed layer oxides of nitrogen emitted above that layer.  Determine the important oxidants and the fractions of oxidants (ozone, peroxides, et al.) found above and within the shallow mixed layer.

Approach:

Apply the 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.  Examine available measurements within and above the mixed layer to determine under what conditions entrainment of oxides of nitrogen and other oxidants aloft contributes significantly to ground-level aerosol concentrations.  Assess the consistency with observed values of mixing layer estimates derived from meteorological modeling.  Examine the representation of elevated emissions of oxides of nitrogen by grid-based models in light of available measurements.  Compare and contrast with the representation of surface emissions of NOx, for Fresno, Bakersfield, and other selected areas.

Current Understanding:

· The NOx injected above the shallow surface layer may remain there for much of the night and early morning, with a greater potential for formation of nitric acid due to lower surface deposition losses.  The coupling of the surface layer and the Valleywide layer midday may then provide a mechanism for bringing these emissions and their chemical end-products together (Chow 1998, Watson 1998).

· Ozone levels above the surface layer are 30 to 40 ppb.  There is sufficient ozone within the Valleywide layer to make it the dominant oxidant for aqueous phase conversion of sulfur dioxide to sulfate (Pandis 1998, Collett 1998a).

Principal Knowledge Gaps:

The potential rates of formation of nitric acid aloft are unknown, as are the rates of transport aloft and mixing between aloft and surface layers.

Data Needs:

Profiler and sodar measurements of vertical structure are needed.  Surface and aloft measurements of gas-phase and aerosol species are needed at high (< 1 hour) to moderate (several hours) duration.

Adequacy of Planned Data Acquisition:

The planned data acquisition at Angiola and the Sierra foothills site will adequately provide both continuous chemical data (NOy, HNO3) and 3-to-8 hour resolution measurements (nitrate, sulfate).  Some care will be needed when interpreting data from the Sierra foothills site, as the applicability of Visalia upper air measurements to the foothills site is unknown.  

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
2.7  Determine whether the nitrate is ammonia-limited, NOx-limited, or VOC-limited and the variation of this “limitation” with site and season.  Determine where and when HNO3 formation is oxidant-limited.

Approach:

Apply equilibrium models 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.  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 to its limiting precursor.  For each sample, reduce 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 observations-based method of Blanchard (1997).  Compare results to equilibrium modeling.  Conduct sensitivity runs using the grid-based modeling system for selected periods to determine the limiting precursor associated with nitrate formation in various areas.  Determine where and when nitric acid production is oxidant limited. Assess the consistency of the modeling results with those derived from analyses of the measured data.

Current Understanding:

· During the winter, ammonia is abundant and the formation of ammonium nitrate is limited by the availability of nitric acid.  It is unknown whether the formation of nitric acid is NOx limited or oxidant limited (Kumar 1998, Pun 1998a).

· Ammonium nitrate formation is estimated to be insensitive to sulfate levels in the winter because ogf generally ammonia-rich conditions and the low sulfate levels compared to nitrate (Kumar 1998).

Principal Knowledge Gaps:
Spatial and temporal variations of ammonia and HNO3 limitation are incompletely characterized.  Oxidant limitation has not been studied.

Data Needs:
Speciated, multi-hour to 24-hour resolution measurements of PM10 and PM2.5 are needed, plus HNO3 and NH3, at a variety of urban and rural sites over the course of a year.  No receptor method exists for assessing oxidant limitation of HNO3 formation.  However, this question may be addressable through the analysis of high time-resolution data in a previous work element.

Adequacy of Planned Data Acquisition:
The continuous and 3-8 hour resolution measurements at 5 sites during the winter episodic study will be adequate.  The 24-hour resolution measurements at anchor sites during the annual study are also adequate.  Sixteen satellite sites appear to have sufficient 24-hour data during the annual study.  Backbone sites lack gas-phase measurements (HNO3 and NH3).  Fine time-resolution data (10 minutes) from the winter continuous study could be used from five anchor and up to 8 satellite sites if continuous measurements of aerosol ammonium and sulfate were made (fine time-resolution sulfate is already planned for the 5 anchor and 3 satellite sites; aerosol ammonium measurements are not planned at present).

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
2.8  Determine the nature of changes in chemical composition and concentration of PM through the fog formation cycle.  Determine how variations in concentrations of oxidants, SO2, and NOx in space and time influence aerosol formation in fog drops. 

Approach:

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 precursor species.  Identify chemical and/or physical mechanisms that alter the size distribution and chemical composition of the aerosol during the course of a fog event.  Conduct similar analyses using box and grid-based modeling results.  Confirm that the physical and chemical mechanisms are appropriately represented in mathematical models and, if not, recommend changes in the mathematical models and additional experiments to verify these mechanisms. 

Current Understanding:

· During IMS95 sulfate production inside the fog layer was mainly due to the reaction with hydrogen peroxide and catalyzed oxidation by iron and manganese (Pandis 1998).

· In urban areas, ozone is rapidly depleted in fogs, however in rural areas sufficient ozone is available to provide a continuing oxidant source for nitrate and sulfate formation (Pandis 1998).

Principal Knowledge Gaps:
Simulations using IMS95 data indicated that wet removal is the most important process occurring inside SJV fogs, leading to significant reductions of ambient nitrate, sulfate, and ammonium.  Uncertainties in modeling results stemmed from lack of measurement of wet (fog) deposition fluxes, needed for model verification, and inaccuracies in ozone measurements at concentration below 5 ppbv.  Scavenging and removal of organic aerosol by fog has not been investigated.

Data Needs:
Gas-phase measurements of ozone and H2O2 , accurate at sub-ppbv concentrations, are needed.  Aerosol and fog concentrations of sulfur, nitrate, and ammonium species are also needed.  Liquid-water content and wet fluxes should be measured.  Aloft as well as surface measurements are useful.

Adequacy of Planned Data Acquisition:
Various fog measurements are to be taken at ground-level and 100 m at Angiola during the winter study, with additional surface measurements at Bakersfield and Fresno.  The measurements are not specified in the field program plan, but will include size-resolved fog intensity and composition.  Ozone (5 minute resolution) and peroxide measurements (30 minute resolution) will also be made at Angiola.

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
2.9  Determine how acidification of drops due to aqueous phase acid production limits aerosol formation in fog drops.

Approach:

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 fog chemistry and measurements of oxidants (ozone and peroxides) and catalysts (Fe and Mn).  Assess variations in these parameters in space (north-south, urban vs. rural, ground vs. aloft) 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 daytime 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.  Particularly for urban sites, quantify the extent of buffering present in size fractionated and in bulk fog samples and the buffering capacity, relative to NH3 uptake, to prevent fog drop acidification and thereby promote aqueous phase particle production.  Identify compounds that are present and that provide buffering in the pH range of 4 to 7.  Incorporate findings into a model of the effect of buffering on rates of sulfate production.

Current Understanding:

· Acid buffering in fog droplets is not completely accounted for by measured amounts of ammonia, bicarbonate, acetate, and formate.  This additional buffering capacity supports rapid rates of sulfate production.  While a specific substance has not been identified, organic solutes may be a possible group of compounds (Collett 1998b).

Principal Knowledge Gaps:

The compounds responsible for buffering winter fog droplets have not been identified, but are known to be in solution.  Buffering can affect the rate of aqueous-phase sulfur oxidation.

Data Needs:

Further analysis of buffering requires collection of fog water, field titrations, and speciation of organic compounds, including measurement of phenols and humic acids.  Measurements of ozone that are accurate below 5 ppbv are also needed to confirm the significance of the pH-dependent oxidation of sulfur by ozone.

Adequacy of Planned Data Acquisition:

Various fog measurements are to be taken at ground-level and 100 m at Angiola during the winter study, with additional surface measurements at Bakersfield and Fresno.  The measurements are not specified in the field program plan, but will include size-resolved fog intensity and composition.  Ozone (5 minute resolution) and peroxide measurements (30 minute resolution) will also be made at Angiola.

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
2.10  Determine how deposition, owing to fog droplet growth, balances the creation of secondary aerosols in fog droplets.  Determine the influence of drop size-dependence on the chemistry of aerosol formation and on deposition in fogs.

Approach:

Examine fog chemistry as a function of fog droplet size.  Compare 2- and 3-stage cloud collector data with bulk data.  Evaluate enhancements of aqueous phase oxidation rates in the chemically heterogeneous fog drop population vs. the rates predicted from the average fog composition.  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 a peak period.  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) and 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.  

Current Understanding:

· Fog deposition is the main removal mechanism for soluble ammonium nitrate and precursor gases in fogs, removing up to 15% to 30% of the nitrate.  Dry deposition removes an additional 1% of the nitrate.  Fog deposition is slightly less than fog formation for sulfate, resulting in a small net increase in sulfate (up to 7%) (Collett 1998a).

· Droplet composition varies with drop size.  Small drops are enriched in inorganic ions and are less alkaline than large drops.  Nitrate is associated with smaller drops than sulfate (Collett 1998a).

· The enrichment of inorganic ions in small drops results in a lower sedimentation rate relative to that which would be estimated from average fog droplet composition (Collett 1998a).

Principal Knowledge Gaps:
Studies based upon IMS95 data showed that fog drop size affects chemical composition, rates of oxidation of S(IV), and deposition rates.  However, a bulk aerosol and fog model also predicted oxidation and removal rates well.  The adequacy of bulk simulations compared with size-dependent modeling has not been fully studied.  Spatial variations in fog composition have not been characterized.


Data Needs:
Liquid-water content, size-dependent aerosol composition, and size-dependent fog droplet composition measurements are needed.  Gas-phase measurements of ozone and H2O2, accurate at sub-ppbv concentrations, are needed.

Adequacy of Planned Data Acquisition:
Various fog measurements are to be taken at ground-level and 100 m at Angiola during the winter study, with additional surface measurements at Bakersfield and Fresno.  The measurements are not specified in the field program plan, but will include size-resolved fog intensity and composition.  Ozone (5 minute resolution) and peroxide measurements (30 minute resolution) will also be made at Angiola.

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
3.
Emissions Estimation and Verification

Objectives:

· Develop reliable estimates of PM, VOC, NOx, and NH3 emissions.  For PM, determine chemical composition and size characteristics.  For VOCs, determine chemical composition.

· Explain discrepancies between emission inventories and ambient measurements with respect to the relative amounts of PM derived from geological and combustion sources.

· Understand the role and contributions of biogenic emissions to secondary organic pollutant formation in central California.

General Approaches:

Emissions databases will be developed to support a variety of activities including both source-oriented modeling and receptor modeling.  In addition, a number of data analysis approaches have been applied in attempts to assess the accuracy of emission estimates.  They include evaluation of ambient/emissions ratios for conditions where comparison should be favorable, remote sensing of motor vehicles for certain pollutants, roadside inspection of vehicles, temporal and spatial analyses (such as that of Lurmann and Main, 1992), analysis of long term ambient and emissions trends (Fujita, 1993), use of chemical mass balance to estimate emissions contributions, and model sensitivity studies.

The emissions work sponsored by CRPAQS is intended to build upon, and be integrated with, other ongoing efforts by U.C. Davis and the Air Resources Board.  Priorities for emissions work are based on the following criteria:

· Relevance to modeling and data analysis needs:  As noted above, several emissions measurements serve the needs of source, receptor, and emissions validation modeling.  Specifically, source profiles are needed for all of these.  Source profiles have the highest emissions project priorities.

· Large and significant contributors:  Source categories that are known or highly suspected to be large contributors to  PM2.5 and PM10 are in greater need of characterization than minor sources.  These include mobile sources, ammonia, dust from farming operations, and windblown dust.

· Little is known about source emissions:  A project that provides information where none exists is preferable to another study that adds to a data base of studies already done.

· An information gap can be definitely filled for the immediate future:  These projects plug a hole in the current inventory with information that is not likely to change over  decade or more.

· Specificity to the central California study area: It is unlikely that other sponsors will be found for sources and activity data bases specific to central California, and especially the San Joaquin Valley.

· Activity information:  The activities that generate large quantities of emissions must be specific to field study periods if there is any expectation that ambient concentrations can be estimated by models.  These data cannot recovered after the study period.

· Emissions model development: Hardware and software (including data bases) needed by the ARB GIS inventory that specifically supports CRPAQS is needed to prevent delays in integrating data and estimating emissions.

· Non-duplicative of other applicable emissions studies:  CRPAQS emissions projects complement, rather than duplicate, those being conducted by other agencies.

The specific projects which will be sponsored by CRPAQS are:

· Develop Organic Speciation Profiles

· Develop Fugitive Dust Speciation Profiles

· Day-Specific Field Study Activity Data Collection and Micro-Inventory Preparation  

· Conduct Ammonia Emissions Studies

· Determine Dust Suspension Characteristics 

· Develop Traffic Count Estimates 

· Characterization of On-Road PM Emissions
Additional details on the proposed emissions projects can be found in the emissions plan (Magliano and Watson et al., 1999).  Emissions-related tasks which address a data analysis component are described below.  

Specific Approaches:

3.1  Determine how well emissions data can be reconciled with ambient data. 

Approach:

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 study periods.  Identify similarities and differences between sites for peak and non-peak periods.  Compile gridded emissions with as fine a resolution as possible for areas surrounding ambient routine and study monitoring sites.  Compare ratios of ambient VOC/NOx, selected VOC species /NOx, selected VOC species/CO, PM/NOx, 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 component analysis and/or empirical orthogonal functions to ambient data to elucidate primary contributing sources.  Compare CMB source contribution estimates with corresponding emissions estimates.  Identify discrepancies between ambient and emissions data.  Assess the degree to which the reconciliation methods are valid and identify areas where differences in results suggest inaccurately characterized or missing sources.

Current Understanding:

· Emissions inventory ratios for PM/NOx and SOx/NOx are 1.5 to 4 times higher than ambient ratios, indicating that emissions for PM and SOx may be overestimated.  Emissions inventory ratios for NMHC/NOx and CO/NOx are approximately 2 times lower than ambient ratios, indicating that NMHC and CO emissions may be underestimated (Chinkin 1998).

· Ambient and emissions ratios of NH3/NOx are within +-25% agreement when emissions within an approximate 25 km radius of the ambient monitor are included in ratio analysis (Chinkin 1998).

Principal Knowledge Gaps:
IMS95 and other studies indicate that emissions of PM and SO2 may be overestimated, while emissions of VOCs and CO may be underestimated.  The conclusions were limited by the number of sites (6) having sufficient ambient data to compare with emissions, the variability of ambient concentrations between closely spaced sites (two in Bakersfield and two in Fresno), uncertainties associated with sites where transported pollutant concentrations may have exceeded the concentrations due to fresh emissions (Kern Wildlife Refuge), and the variability of results among sites.  The emission source categories that may have been inaccurate are not known, especially since the ambient and emissions ratios of individual VOC species have not been examined.  As emission estimates are checked and revised, further work will be needed to determine the consistency of revised emissions with ambient measurements.

Data Needs:
Emissions estimates and ambient measurements of PM, VOCs (total and individual species), NOx, SO2, CO, and NH3 are needed.  Monitoring locations should be in emission-source areas but not be dominated by nearby emissions.  Ambient measurements of hourly resolution or better will be most useful, though samples of multi-hour duration will suffice.  Multiple nearby (~ 2-5 km) monitoring locations are needed to check the spatial variability of the measurements. 

Adequacy of Planned Data Acquisition:
Different ratio comparisons will be possible at different sites.  The CRPAQS measurements will permit computation of fine-time resolution ratios involving SO2 at Bakersfield and of ratios involving light and heavy hydrocarbons at 7 and 4 sites, respectively.  Comparisons involving primary PM mass or NOx will be possible at the five winter anchor sites, while comparisons involving ammonia will be possible at those five sites plus an additional 8 satellite sites.  Two of the five anchor sites (Bethel Island and the Sierra foothills) are not in emission source areas.  VOCs will be sampled on 15 episode days and will have 3-6 hour resolution; other comparisons may be made using daily data from the winter study.  CRPAQS is not deploying CO monitors, and the accuracies of the existing CO monitors need to be determined (detection limits of 100 ppbv or better are needed).

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
3.2  Determine the consistency of emissions estimates for the relative contributions of geologically derived materials to PM with those indicated by ambient measurements. 

Approach:

Stratify ratio comparisons by time of year, rainfall, and soil wetness and determine the existence of any discrepancies with emissions estimates.  Identify how any such discrepancies vary by season.  Identify and evaluate potential biases in activity levels or emission factors using source-oriented monitoring sites and dispersion models.

Current Understanding:

· Ambient- and emissions-based ratio comparisons of PM/NOx suggest that PM emissions may be overestimated.  Comparison of CMB derived geological contributions to estimates of geological emissions further suggest that overestimation of geological emissions may be the primary cause of the overestimation (Chinkin 1998, Magliano 1998).  

· The discrepancy between emissions and CMB geological source contributions is greatest during the winter, suggesting that seasonal changes in source activity and climatology may be inadequately represented in the inventory (Magliano 1997).

Principal Knowledge Gaps:
IMS95 and other studies indicate that geologically derived PM emissions may be overestimated, especially during winter.  In part because different source categories of geological PM emissions were not resolvable, the emission sources that were overestimated are not known.  As emission estimates are checked and revised, further work will be needed to determine the consistency of revised emissions with ambient measurements.

Data Needs:
Data described for the previous work element (3A) can be used as part of further efforts.  New tracers of sources of geologically-derived PM are needed.

Adequacy of Planned Data Acquisition:
The Fugitive Dust Characterization Study (FDCS, Watson 1997) will attempt to identify new tracers to permit resolution of different sources of geological materials.  Information will be available for Corcoran, Angiola, and Fresno.

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
4.
Transport and Related Impacts

Objectives:

· Determine the extent of transport of precursors and secondary pollutants between the San Joaquin Valley (SJV) and major California air basins - the Bay Area, the North Central and Central Coast areas, the Sacramento area, the southeast desert area, and the Sierra Nevada – and the contributions of these transported pollutants, by area of origin, to ambient PM concentrations in the receptor areas during each season of interest.

· Estimate the contributions of emissions from one portion of the southern Central Valley to ambient PM concentrations in other portions, where the Valley is divided into the Sacramento area, the North SJV (Modesto, Stockton), central SJV (Fresno), and south SJV (Bakersfield), as well as contributions within each sub-area (i.e. east side versus west side of Kern County).

· Estimate the contribution of pollutants transported from central California to visibility impairment in the southeast desert and in Class 1 areas, notably national parks and forests.  Estimate the impacts on visibility impairment in these areas resulting from possible emissions reductions in the SJV.

· Develop procedures for assessing, for non-attainment areas, the upwind extent of the source region that should be subject to emissions reductions (i.e., the "zone of influence" issue) and its variation with chemical constituent and meteorological regime.

General Approaches:


Employ grid-based modeling and analysis of data collected at cross-sections of the Valley (flux planes) that lie between major metropolitan areas to assess the importance of transport.

Trajectory modeling with a visibility module could also be used to assess the effects of pollutants transported into the southeast desert.  It is unlikely that modeling in the downwind or fringe areas - areas typically characterized by complex terrain, will have a database sufficient to support the effort at the spatial and temporal scales required.  It would seem prudent to specify approaches to modeling and analysis suitable to meet the needs as early in the program as possible.  Support should come from the Phase I modeling budget.  

An approach for assessing the upwind extent of a source region should also be developed under the Phase I modeling budget.

Specific Approaches:

4.1  Determine the transport of primary PM, precursors, and secondary PM within the SJV, between the SJV and adjoining air basins, and into Class 1 areas.

Approach:

Review and synthesize all previously conducted tracer studies.  Analyze new tracer data.  Review findings from the characterization analyses of background and boundary sites.  Carry out flux-plane and boundary transport estimates.  Use empirical orthogonal functions or other spatial correlation analyses to identify geographical areas in which PM concentrations tend to co-vary.  Use diurnal profiles to identify times of occurrence of peak concentrations.  Compare with wind fields and determine if implied transport times are consistent with wind speeds.  Compare results of data analyses with predictions of grid-based modeling.

Current understanding:

· During the summer, transport is typically down-valley, extending from the Bay Area into the Mojave desert within a single day (Watson 1998).

· Well defined transport between air basins is associated with the lowest PM concentrations, owing to dispersion and dilution during transport (Watson 1998).

· Three aloft layers were observed during IM95.  The lowest layer extended from the surface up to 1000 meters.  At night this surface layer was further divided into an inversion layer of 50 to 100 meters and a decoupled surface layer.  The middle layer extended from 1000 meters to 2000 meters and was affected by regional terrain features.  The upper layer extended above 2000 meters and was dominated by synoptic scale forcing (Dye 1998).   

Principal Knowledge Gaps:
Transport among air basins (Bay area, SJV, Mojave Desert), within the SJV, and into Class I areas has been documented but not quantified.  At present, it is not possible to quantitatively predict the expected air quality improvement in one region as air quality in other regions improves.


Data Needs:
Quantitative prediction, albeit with substantial uncertainty, will require well-designed inert-gas tracer experiments coupled with well-tested modeling.

Adequacy of Planned Data Acquisition:
Inert-gas tracer experiments are not planned.  Model development and testing is discussed under other work elements.

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
4.2  Determine whether the regional nature of secondary pollutants (e.g., ammonium nitrate and ammonium sulfate) is due: 1) to well-defined transport between upwind and downwind regions; 2) to slow diffusion over multi-day stagnation periods; or 3) to replication of analogous local processes throughout the domain. 

Approach:

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.  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.  Assess the consistency of grid-based modeling results with those derived from data analyses.

Current understanding:

· Surface winds during the winter were not very representative of aloft transport conditions.  Flows in the Valleywide layer above the surface layer were highly variable in direction, but of sufficient intensity to mix materials throughout the Valley and even into the Bay Area. There is no consistent transport direction from episode to episode however (Dye 1998, Watson 1998).

· Vertical changes in wind speed and direction are most important during winter.  Afternoon mixing of surface emissions within the Valleywide layer, where wind speeds are consistently higher than at the surface during non-afternoon periods, could be the major mechanism for distributing primary emissions throughout the region, and for mixing emissions from urban and non-urban sources (Watson 1998).

Principal Knowledge Gaps:
Quantitative evaluation of the rates of transport and oxidation is lacking.

Data Needs:
Hourly time-resolution measurements of NO2, HNO3, aerosol nitrate, SO2, and aerosol sulfate are needed at a number of sites, having varying proximity to emission-source areas, allowing estimation of the oxidation rates of NO2 and SO2 (related studies are addressed in work elements 2C and 2D).  Adequate spatial coverage is needed to permit contrasts to be observed in concentrations and relative fractions of gas-phase precursors and secondary aerosol species.  Co-located surface and upper-air meteorological data are needed to characterize transport directions and distances.

Adequacy of Planned Data Acquisition:
The phase distributions of sulfur will be observable at Bakersfield, which will have an SO2 monitor.  All five winter-study anchor sites will have measurements of NOy, HNO3, and possibly true NO2 (depending upon the final choice of measurement device).  Since the spatial coverage of gas-phase measurements is limited, evaluations will need to rely on time series from single sites rather than spatial comparisons along trajectories. 

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
4.3  Determine the zone of influence of components of interest from various sources (e.g., PM10 versus PM2.5, or primary particles vs. primary precursor gases).

Approach:

Review and extend results of IMS95 analyses.  Compare source contribution estimates from identifiable source categories based on CMB or other receptor analyses.  Plot locations of major emissions sources and compare to calculated source contributions.  Characterize and relate spatial patterns of emissions with those of PM mass and species concentrations.  Examine changes in source contributions with time and compare to expected diurnal profiles of emissions sources.  Use diurnal profiles to estimate transport distances and paths.  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.  

Current Understanding:

· The distance scale for decay from peak to urban background values was about 5-10 km in the fall and 10-15 km in the winter.  During the winter an urban-scale (10-15 km) influence exists, upon  which the impact of local sources are superimposed.  This urban-scale background concentration was approximately 40 ug/m3.  During the fall, there appears to be a regional-scale (15-40 km) background concentration of approximately 100 ug/m3 upon which local sources are superimposed.  These local sources have scales of influence on the order of 1 km (Blanchard 1998).  

· Substantial source influences occur for sources located within 5 to 15 km of a receptor site.  A lower level of influence, but one which is more geographically widespread occur over an area 15 to 25 km from a receptor site (Blanchard 1998).

· During the fall sub-regional contributions are 60% to 90% of network average PM10 concentrations with the remainder due to immediate local sources, primarily of geological material (Collins 1998).

· During the winter regional background contributions are 60% of average urban PM2.5 concentrations with the remainder due to immediate local sources, primarily of organic and elemental carbon (Collins 1998).

Principal Knowledge Gaps:
Quantitative fractional contributions to receptor concentrations as a function of source-receptor distance are unknown.

Data Needs:
A combination of modeling and corroborative data analysis is needed.  The data analysis requires ambient measurements of PM and components with 24-hour resolution and spatial resolution on the order of 10 km.

Adequacy of Planned Data Acquisition:
During the fall and winter CRPAQS studies, it will be possible to correlate and contrast emission densities with ambient measurements of bsp or PM mass at scales of about 0.5 km (using DUSTRAK nephelometers) to 10 km (using portable PM samplers).  Approximately 3 to 6 PM10 sites will be located in the vicinity of each of several cities (San Jose, Sacramento, Stockton, Fresno, and Bakersfield), permitting some assessment of spatial gradients and their relationship to emission densities in each of those locations over the duration of the annual study.

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
5.
Model Adaptation and Evaluation

Objectives:

· Assess the degree of reliability of models for estimating ambient pollutant concentrations.

· Establish modeling capabilities for use in reliably estimating future air quality for hypothetical scenarios.

General Approach:

A preliminary description of the modeling methods to be used is provided in Magliano (1998).  The modeling approaches to be undertaken to support Objectives 5 and 6 will follow these general methodologies.  The data needs discussed in the following sections to support modeling are presented in a generic sense.  Specific details of individual parameters and sampling frequencies needed to support grid-based modeling are discussed in Pun (1998b).  A more detailed protocol for grid-based modeling must be developed to address issues such as the number of episodes to be studied and the role of "hands off" testing.  More detailed protocols also need to be developed for receptor/rollback and annual average modeling.    

General approaches to be pursued through modeling include: evaluate model performance for a range of episodic conditions.  Base efforts on a protocol developed for conducting a reasonably rigorous evaluation, one that permits the model(s) to fail if it is (they are) flawed.  Establish principles of the practice.  For example, what is required to deem that a model is "ready to use"?  How will the topic of "best available" vs. "good enough" be addressed?  What will be "acceptable threshold significance levels"?  What will be the role of sensitivity analysis?  How will the topic of uncertainty be addressed?  Will alternative base case (ABC) analysis be adopted for use?  Develop a list of topics and derivative principles, again under the Phase I modeling budget.  Specifically address uncertainty estimation and risk assessment.  Develop and test emissions projection procedures through analysis of historical data.

Additional discussion of the important issues associated with reliable use of grid-based model and the ability of the aerometric monitoring program to provide the needed data is included in Appendix A.

Specific Approaches:

5.1  Adapt the meteorological modeling system(s) for application to the study domain and evaluate its (their) performance.

Approach:

Apply the meteorological modeling system(s) to develop required inputs to the air quality models for selected episodes as well as an entire year (to support the annual-average modeling capability).  Based on the results of data analysis activities, identify key meteorological phenomena that must be simulated by the modeling system.  As specified in the modeling protocol, apply means for measuring model performance (e.g., suitable performance measures, graphical displays, etc.) and assess the adequacy of performance.  Identify phenomena that are not adequately characterized and attempt to diagnose the possible causes.  As appropriate, modify inputs or the formulation of modeling system in an effort to achieve adequate performance.  If adequate performance cannot be achieved, assess the likely impact on the quality of performance that can be expected of subsequent air quality modeling efforts.

Current Understanding:

Principal knowledge gaps:

Both diagnostic and prognostic meteorological models have been applied in several studies to simulate conditions associated with summertime ozone episodes.  However, there is little experience in using such models to replicate wintertime (air stagnation events), fall (high wind speed fugitive dust events), or conditions that occur during the spring.  A detailed assessment of meteorological model performance is needed to assure that such models provide an adequate characterization of all key transport phenomena in the SJV.

Data needs:

Because diagnostic models employ a limited representation of atmospheric physics, their usefulness is highly dependent on the availability of a comprehensive meteorological database.  While prognostic models provide a more complete description of atmospheric physics, they also benefit from the availability of pertinent observations, especially when data assimilation techniques are employed.  Thus, meteorological data are needed for specifying model inputs as well as for evaluating model performance.

Adequacy of planned data acquisition:

There will be a considerable number of surface wind and temperature measurements collected during the full annual field program (including the winter and fall special study periods).  The key issue is the availability of data aloft.  The most comprehensive program will be mounted during the wintertime study, which should provide adequate data to support the development of model inputs if the data were used solely for that purpose.  However, to provide a basis for independently evaluating meteorological model performance, it will be necessary to set aside (or reserve) a significant portion of the available data.  The resulting reduction in available input data for use by a diagnostic model or for use in data assimilation by a prognostic model may compromise the adequacy of the wind model results.  This problem will only be exacerbated at other times of the year when even less upper air meteorological data will be collected.  Careful consideration will have to be given to the use of the available upper air data and the trade-off between employing the data to develop wind and temperature fields versus using the data to facilitate the evaluation of model performance.  The prognostic approach requires estimates of soil moisture content.  Such data will only be collected at one site.  The importance of such information and the adequacy of the current data collection plan needs to be examined.  

Costs of added data acquisition and potential trade-offs:

Recommendations:

5.2  Assess whether the air quality models provide reasonable estimates of primary and secondary gaseous and aerosol concentrations over the study domain.

Approach:

As appropriate, adapt the modeling systems for simulation of selected fall and winter episodes associated with the conduct of special CRPAQS field measurement programs.  In addition, adapt the annual-average modeling system for simulating conditions over an entire year.  If appropriate, adapt an enhanced version of the annual-average modeling system to simulate a number of episodic days that represent typical meteorological regimes to provide an improved understanding of the accuracy and reliability of the full 365-day model simulations.  In accordance with the modeling protocol, conduct an initial assessment of model performance to determine whether estimates of primary and secondary gaseous and aerosol concentrations are in reasonable agreement with the observations.  Identify obvious failures in performance.  If such problems are uncovered, diagnose the possible causes and attempt to rectify the deficiencies.  To the extent possible, model estimates should exhibit minimum bias and should provide a reasonable representation of the spatial and temporal characteristics of gaseous and aerosol concentration fields.  If a successful outcome can be achieved, proceed to the next phase of performance assessment.  If some model deficiencies cannot be rectified, assess whether meaningful information can be derived from subsequent performance evaluation efforts.

Current Understanding:

Principal knowledge gaps:

Prior to adopting an air quality simulation model for use in assessing the possible impact of emission controls, it is necessary to demonstrate that the model adequately represents all important physical and chemical phenomena in the study area.  The first step in the model evaluation process is to ascertain whether the model provides reasonable estimates of the ground-level concentrations of gaseous and aerosol species.   If significant systematic bias is exhibited in comparisons of calculated and measured values, then further diagnostic work will be needed to determine the cause of such biases discrepancies.  Once reasonable concentration estimates are developed, more detailed performance assessments will be carried out, as discussed in Item C.

Data needs:

The initial assessment of model performance requires ground-level concentration measurements of gaseous and aerosol species at key locations throughout the modeling domain.  This would include hourly averaged measured values for gaseous species that are monitored on a continuous basis (such as NO, NO2, and O3), and 24- and annual-average measured values for particulates.  

Adequacy of planned data acquisition:

The comprehensive wintertime program will provide adequate measurements to assess model performance.  Measurements of gaseous and particulate species will be made on a continuous basis at 5-8 sites and will be adequate for assessing model performance.  However, particulate sampling will largely be on a 3-, 6-, and 12-day schedule during the annual measurement program.  While it will be possible to assess model performance on the days for which sampling is carried out, the gaps in the data record may hamper efforts to diagnose model performance problems. 

Costs of added data acquisition and potential trade-offs:

Recommendations:

5.3  Assess whether the various components of the modeling systems adequately represent key phenomena associated with the formation, transport, and removal of gaseous and aerosol species.

Approach:

Conduct pertinent analyses of available measurements and modeling results to address a prescribed set of questions derived from the results of data analysis activities.  Address additional issues concerning the performance of the meteorological modeling system based on the air quality modeling results.  Give particular attention to assessing the ability of the grid-based episodic modeling system to accurately represent windblown dust events that occur in the fall.  Synthesize the results of diagnostic analyses of modeling results discussed earlier in this document.  Conduct a suite of sensitivity runs to establish how the model results respond to variations in key inputs. Identify deficiencies in the representation of key physical and chemical phenomena and, as appropriate, attempt to rectify the problems.  Reevaluate model performance and identify in what manner any remaining deficiencies may limit the suitability of the modeling system for use in subsequent applications. 

Current Understanding:

Principal knowledge gaps:

To fully assess the adequacy of model performance, it is necessary to examine how well the model simulates the formation, dispersion, and deposition of all key gaseous and aerosol species over a range of representative conditions.  This is sometimes referred to as stressing the model.  An effort should be mounted to rectify any shortcomings in model performance that are noted.  If problems cannot be rectified in a satisfactory manner, appropriate caution should be exercised in the use and interpretation of any model application results (e.g., the effects of emissions controls). 

Data needs:

Information will be needed to characterize key atmospheric processes throughout the study domain.  Ideally, frequent measurements of gaseous and aerosol species would be made at ground-level and aloft in various areas of the modeling domain.  

Adequacy of planned data acquisition:

The intensive character of the wintertime program will provide a suitable ground-level database.  Since the data collection program aloft will be limited, it may not be possible to adequately assess model performance aloft except in those areas and at those times when such information will be available.  The intermittent character of the ground-level particulate sampling program and the absence of sampling aloft during the remainder of the year will significantly limit model assessment and diagnostic activities.

Costs of added data acquisition and potential trade-offs:

Recommendations:

5.4  Develop alternative base cases.

Approach:

Analyze model sensitivity results to determine the group of key inputs.  Develop estimates of the uncertainties associated with each of these key inputs.  Identify alternative specifications for the key model inputs, wherein each input is within its range of uncertainty.  Conduct model sensitivity runs with these various specifications of inputs and assess model performance.  Identify those combinations of inputs that yield comparable results at the highest level of performance that can be achieved by each model.

Current Understanding:

Principal knowledge gaps:

The development of alternative base cases provides a means for estimating the uncertainties associated with modeling results.  In addition, the robustness of model application results can be demonstrated by conducting simulations using alternative base cases.  For example, model runs for a proposed emission control scenario can be carried out employing alternative base case inputs.  If the results are consistent, confidence in the model results will be bolstered.

Data needs:

To develop alternative base cases, information will be needed concerning the uncertainties in the key model inputs.  Measurements will also be needed of gaseous and aerosol species similar to those required to assess model performance. 

Adequacy of planned data acquisition:

As long as information concerning measurement uncertainties is developed during the field program, it should be possible to develop alternative base cases. 

Costs of added data acquisition and potential trade-offs:

Recommendations:
6.
Emissions Reduction Requirements and Impacts

Objectives:

· For monitoring sites located in central California having exceedances of the 24-hour and/or annual standards, determine which categories of sources contribute significantly to ambient concentrations, the relative proportion of their contributions, and the anticipated benefits of emissions reductions.

· Estimate the impact on ambient ozone concentrations of emissions reductions that are contemplated for reducing PM concentrations, and vice versa.

General Approach:
Apply the suite of models selected for use in the study: 1) grid-based photochemical aerosol modeling for secondary pollutants for episodic simulation, 2) receptor modeling, coupled with background-corrected, speciated rollback for primary pollutants, and 3) both grid-based aerosol modeling and receptor/speciated rollback for annual average modeling.  

Specific Approaches:

6.1  Determine source contributions based on CMB source apportionment.

Approach:

Using the CMB receptor model, or other receptor methods, and measured source profiles, calculate source contributions and their uncertainties to measured PM concentrations.  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 peak and non-peak 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 peak PM concentrations are dominated by a single source type versus those that represent a superposition of sources. 

Current Understanding:

· During the fall, geological material is the largest contributor to PM10 concentrations (57%), followed by secondary ammonium nitrate (16%) (Magliano 1998).

· During the winter, secondary ammonium nitrate is generally the largest contributor to both PM10 and PM2.5 (30% to 50%), with significant contributions from mobile sources and residential wood combustion (20% to 35%) (Magliano 1998).

· Geological material source contributions were the primary cause of site to site variability during the fall, while carbonaceous source contributions were the primary cause of site to site variability during the winter (Magliano 1998).

· Secondary ammonium nitrate and sulfate contributions were very uniform across all sites during both the fall and winter.  The greatest variability in secondary ammonium nitrate concentrations was observed on episode buildup days during the fall (Magliano 1998).

· During IMS95, the largest contributors to organic carbon at Bakersfield and Fresno were hardwood and softwood combustion, followed by diesel exhaust, gasoline-powered motor vehicle exhaust, and meat cooking.  In contrast, at Kern Wildlife Refuge only small contributions were seen from diesel exhaust and vegetative detritus, with the remaining organic carbon believed to be from secondary formation (Schauer 1998).

Principal knowledge gaps:

Alternative means are needed for estimating the possible contributions of the various sources in the SJV to aerosol formation.  The chemical mass balance (CMB) technique is particularly attractive since it does not require use of emissions estimates, which may be subject to significant uncertainties. 

Data needs:

To use the CMB approach, detailed measurements of aerosol composition are required in key areas of the study domain.  In addition, source composition profiles are needed for each important source category.

Adequacy of planned data acquisition:

In the past, it has been possible to discern only a limited amount of information concerning source attribution in the SJV using the CMB approach.  For example, it has not been possible to disaggregate the contributions of several different sources of fugitive dust.  Special studies will be conducted in an effort to identify new indicator species for use in CMB analyses.  It can be anticipated that the planned field activities will provide even better CMB results than have been available to date.

Costs of added data acquisition and potential trade-offs:

Recommendations:

6.2  Apply the episodic photochemical-aerosol modeling system to estimate source attribution and to assess emissions control requirements and associated regulatory issues pertaining to attainment of the 24-hr PM standard.

Approach:

In accordance with the modeling protocol, employ chemical and physical models (such as box and trajectory models) to identify the most and least significant mechanisms for aerosol formation and to place upper and lower bounds on secondary aerosol contributions to PM2.5 from different types of emissions (e.g., diesel vs. gasoline for secondary organic aerosol).  Apply suspension/deposition models during fall episodic periods to assess the importance of sources of windblown dust.  Employ the episodic grid-based modeling system (e.g., SAQM-AERO) to evaluate the effects of prescribed changes in precursor emissions from various source categories for selected wintertime episodes.  If an adequate level of model performance can be demonstrated, also use the grid-based modeling system to study the effectiveness of emissions controls during selected episodes in the fall when fugitive dust may be an important contributor to PM levels.  Identify the limiting precursor(s) and estimate the emissions reductions required to meet the 24-hour standard.  Conduct simulations using the alternative base cases to develop estimates of the uncertainties associated with the emission reduction requirements.  Evaluate the emissions projection capability as indicated in the modeling protocol.  Examine the consistency of the episodic modeling results with those developed using data- or observation-based approaches.

Current Understanding:

Principal knowledge gaps:

Source-based air quality simulation modeling is one of the alternative means that will be used to examine episodic source attribution and emission control issues in the SJV.  The data available to support previous aerosol model application studies in the SJV have not been adequate to yield sound model applications results. 

Data needs:

The ability to examine source attribution and emission control issues using source-oriented modeling will be directly linked to the collection of an adequate database to characterize key physical and chemical phenomena in the SJV and to the success of model performance evaluations.  Assuming adequate performance can be demonstrated, then information will be needed to support the development of future emissions estimates and to characterize the possible impacts of alternative emission control scenarios.

Adequacy of planned data acquisition:

The extensive measurement program planned for the wintertime study will provide the best database to support episodic modeling.  Thus, it is anticipated that the ability to use source-oriented modeling to examine attribution, emission control, and other regulatory issues will be greatest for winter conditions.  Whether the models can be used for other periods must await the results of performance evaluation studies. 

Costs of added data acquisition and potential trade-offs:

Recommendations:

6.3  Apply the annual-average photochemical-aerosol modeling system to assess emissions control requirements and associated regulatory issues pertaining to attainment of the annual PM standard.

Approach:

In accordance with the modeling protocol, employ the grid-based, annual-average aerosol modeling system to simulate the influence of changes in precursor emissions on annual PM levels.  If appropriate, based on the results of the model performance assessment, examine the consistency of the modeling results derived from the simulation of an entire year with those derived from the exercise of an enhanced version of the grid-based model run for up to 60 episodic days which represent typical meteorological regimes that occur in the SJV.  Employ the grid-based modeling system to evaluate the effects of prescribed changes in precursor emissions from various source categories.  Identify the limiting precursor(s) and estimate the emissions reductions required to meet the annual standard.  Conduct simulations using the alternative base cases to develop estimates of the uncertainties associated with the emission reduction requirements.  Evaluate the emissions projection capability as indicated in the modeling protocol.  Examine the consistency of modeling results with those developed using data- or observation-based approaches.

Current Understanding:

Principal knowledge gaps:

Source-oriented air quality simulation modeling is one of the alternative means that will potentially be used to examine source attribution and emission control issues pertaining to annual-average particulate air quality in the SJV.  As indicated in Item B above, the data available to support previous aerosol model application studies in the SJV have not been adequate to yield sound model applications results.

Data needs:

The ability to examine source attribution and emission control issues using source-oriented modeling will be directly linked to the collection of an adequate database to characterize key physical and chemical phenomena in the SJV and to the success of model performance evaluations.  Assuming adequate performance can be demonstrated, then information will be needed to support the development of future emissions estimates and to characterize the possible impacts of alternative emission control scenarios.

Adequacy of planned data acquisition:

The database that will be available to support annual particulate modeling will not be as extensive as that to be developed for the wintertime special measurement program.  Thus, whether source-oriented modeling can be used to examine attribution, emission control, and other regulatory issues must await the results of performance evaluation studies.  An assessment of the adequacy of efforts to develop future emissions estimates and to characterize the possible impacts of alternative emission control scenarios must await the publication of planned emissions activities.

Costs of added data acquisition and potential trade-offs:

Recommendations:

7.
Attainment-related Concerns  

Objectives:

· Determine the effects of meteorological variability on the likelihood of exceeding the standards.  Assess the likelihood of "flip-flopping" into and out of attainment of the standards.

· Determine the extent to which high 24-hour average values contribute to exceedance of the annual average standard, regardless of whether the 24-hour average standard is exceeded.  Assess the relative impacts of types of episodes on the annual average.

· Evaluate the extent to which the long-term PM monitoring networks represent levels to which larger populations are exposed under a variety of emissions and meteorological conditions.

General Approaches:

Apply data analysis approaches employed by Chock (19__), Fairley and Blanchard (1991), and Fairley (199_) to estimate the influence of meteorological variability on attainment requirements.  Using different weightings of meteorological scenarios modeled for the annual average, "recreate" alternative annual averages.  Refer also to analyses conducted for determination of whether episodes are emissions or meteorologically driven.

Apply methods used by Magliano (1997) and the SJVUAPCD (1997) to address the issue of which is the controlling standard.  Also, stratify annual record by episodic periods, group episodes according to meteorological characteristics, and adapt the approaches cited for assessing relative impacts.  In addition, apply the annual average models. 

Specific Approaches:

7.1  Determine annual and 24-hour PM concentrations that must be achieved to ensure compliance with current PM standards.

Approach:

Use data simulation methods to estimate ambient concentrations that must be achieved to ensure compliance.  For sites that are just meeting PM standards under typical high-PM conditions, estimate probabilities of exceeding current standards as a result of highly unfavorable meteorology.  What are the typical maximum PM concentrations that must be achieved each year to ensure that excess violations do not occur in years with highly adverse meterologial conditions?  Adapt and apply simulation methods used by Chock (199_) and Fairley (199_) to estimate ozone exceedance probabilities.  Estimate annual average PM using different frequencies of episode types.

Current Understanding:

Principal Knowledge Gaps:
The variability of annual averages and high-percentile concentrations over many years with different meteorological conditions is not known.

Data Needs:
A long-term data record (> ~10 years) is needed to ensure that a wide range of meteorological conditions are included.  Statistical procedures can be applied for decomposing data time series into long-term trend, multi-year variability, and short-term variability.

Adequacy of Planned Data Acquisition:
The CRPAQS alone cannot address this question, but can contribute to the long-term temporal record (see work element 1A).

Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
7.2  Determine the extent to which reducing the largest 24-hour PM concentrations also reduces the annual average, the extent to which reducing all PM concentrations reduces annual averages, and the extent to which reducing different chemical components reduces annual averages.

Approach:

For each site within central California that shows annual average PM10 or PM2.5 exceedances, recalculate the annual average with the following modifications: 1) reducing all 24-hour concentrations in excess of 150 ug/m3, 100 ug/m3, 75 ug/m3, and 55 ug/m3 for PM10 and in excess of 65 ug/m3, 50 ug/m3, 35 ug/m3, and 25 ug/m3 for PM2.5 to those values respectively, 2) reducing all 24-hour average concentrations by 10%, 20%, 30%, 40%, and 50% after reducing all PM10 and PM2.5 exceedances to the respective standard level, 3) reducing ammonium sulfate, ammonium nitrate, and remaining mass concentrations by 10%, 20%, 30%, 40%, and 50%.  Identify the levels at which the annual standards are achieved and how this level varies from site to site.  For each site, plot the frequency of occurrence by month, of values that exceed 50 ug/m3 for PM10 and 15 ug/m3 for PM2.5.  Explain differences and similarities between sites.  Determine what additional reductions are needed at each site after 24-hour average standards are met.

Current Understanding:

· The few highest PM concentrations do not drive the annual average for PM10 or PM2.5.  Numerous concentrations which are more than twice the respective annual average standards (i.e., >30 ug/m3 for PM2.5 and >100 ug/m3 for PM10) appear to be what contribute to exceedances of the annual standards (Magliano 1996, SJVUAPCD 1997).

Principal Knowledge Gaps:
Quantitative assessment of trends in distributions of PM concentrations is needed.

Data Needs:
The CRPAQS  alone cannot address this question, but can contribute to the long-term temporal record (see work element 1A).

Adequacy of Planned Data Acquisition:
Costs of Added Data Acquisition and Potential Trade-offs:
Recommendations:
8.
Conceptual Models  

Objectives:

· Refine conceptual models that explain the causes of elevated PM concentrations and interactions between emissions, meteorology, and ambient PM concentrations.

General Approaches:

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.  

III.
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IV. SUMMARY OF PROPOSED FIELD MEASUREMENTS

Table 1. CRPAQS field study monitoring sites.

Site ID
Name
Annualc
Winter or Summer Additionsd
Fall Additionse
Purpose

ACP
Angels Camp
Sat-ABC
Sat-15 Ep Days

Intrabasin Gradient

AGBR
Agricultural fields, with emphasis on burning
Sat-ABCD
Sat-15 Ep Days

Source, Agdust/Burning

ALT
Altamont Pass-Tracy
Bac-E (3rd day)
Bac-15 Ep Days

Intrabasin Gradient

ALT1
Altamont Pass
Sat-AB
Sat-15 Ep Days

Interbasin Transport

ANGI
Angiola-ground level
Anc-AGHIJKLMNOP

Sat-D
Anc-QRSTUVWXZabe

Intrabasin Gradient

Vertical Gradient

Visibility

ANGI1
Angiola-2,10,25,50 m 
Anc-I


Vertical Gradient

ANGIT
Angiola-100 m 
Anc-I
Anc-AGQRST

Vertical Gradient

ATL
Atascadero-Lewis Avenue
Bac-E(6th day)


Community Exposure

BAC
Bakersfield-5558 California Street
Anc-AGHIJKLMNOP

Bac-E(everyday)F

Sat-D
Anc-QRSTUVWXYe

Community Exposure

Visibility

BARS
Barstow
Sat-A


Visibility

BGS
Bakersfield-1120 Golden State
Bac-E(3rd day)F

Sat-fgh(6th day lag)
Bac-15 Ep Days

Community Exposure

BLIS1
D.L. Bliss State Park
Bac-F(3rd day)i


Visibility

BQUC
Bouquet Canyon

Sat-A (summer)

Interbasin Transport

Visibility

BRES
Residential area near BAC, with woodburning
Sat-ABC
Sat-15 Ep Days

Source, woodburning

BRV
Bruceville-Elk Grove
Bac-E(3rd day)
Bac-15 Ep Days

Community Exposure

BSE
Bakersfield (Southeast)
Bac-E(3rd day)
Bac-15 Ep Days

Source

BTI
Bethel Island
Sat-ABCD
Anc-GHIJKLMNOPQRSTUVWX

Interbasin Transport

C1-26
Corcoran-Saturation


Sat-f
Receptor

C27-31
Corcoran-Saturation minivol


Sat-fgh*
Receptor

CAJP
Cajon Pass

Sat-A (summer)

Interbasin Transport

Visibility

CANT
Cantil

Sat-A (summer)

Intrabasin Gradient

Visibility

CARP
Carrizo Plain
Sat-AB
Sat-15 Ep Days

Intrabasin Gradient

Visibility

CCD
Concord-2975 Treat Blvd
Bac-E(everyday)F
Bac-15 Ep Days

Source

Site ID
Name
Annualc
Winter or Summer Additionsd
Fall Additionse
Purpose

CHL
China Lake
Sat-A


Visibility

CHM
Chico-Manzanita Avenue
Bac-E(6th day)F
Bac-15 Ep Days

Community Exposure

CLO
Clovis-908 N Villa Avenue
Bac-E(3rd day)F
Bac-15 Ep Days

Source

COA
Coalinga
Sat-A
Sat-15 Ep Days

Intrabasin Gradient

COP
Corcoran-Patterson Avenue
Bac-E(3rd day)F

Sat-fgh(6th day lag)

Sat-D
Bac-15 Ep Days

Community Exposure

COV
Corcoran-Van Dorsten


Sat-f
Receptor

CRD
Crows Landing
Sat-A
Sat-15 Ep Days

Intrabasin Gradient

CSS
Colusa-100 Sunrise Blvd
Bac-E(3rd day)
Bac-15 Ep Days

Intrabasin Gradient

DOLA1
Dome Land Wilderness
Bac-F(3rd day)


Background Visibility

DUB1
Dublin
Sat-A
Anc-BCGQRS

Intrabasin Gradient

EDI
Edison
Sat-AB
Sat-15 Ep Days

Intrabasin Gradient

EDW
Edwards Air Force Base
Sat-ABCD
Anc-GJK (summer only)

Intrabasin Gradient

Visibility

ELM
El Rio-Mesa School #2
Bac-E(3rd day)F


Intrabasin Gradient

FCW
Fremont-Chapel Way
Bac-E(3rd day)
Bac-15 Ep Days

Source

FEDL
Feedlot or Dairy
Sat-ABCD
Sat-15 Ep Days

Source, Animals

FEL
Fellows
Sat-ABCD
Sat-15 Ep Days

Source, Oilfields

FELF
Foothills above Fellows
Sat-ABC
Sat-15 Ep Days

Intrabasin Gradient

FRER
Fresno (south Fresno gradient site)
Sat-ABC
Sat-15 Ep Days

Intrabasin Gradient

FRES
Residential area near FSF, with woodburning
Sat-ABCD
Sat-15 Ep Days

Source, woodburning

FSD
Fresno Drummond
Sat-fgh(6th day lag)


Community Exposure

FSE
Fresno (Southeast)
Bac-E(3rd day)
Bac-15 Ep Days

Source

FSF
Fresno-3425 First Street
Anc-AGHIJKLMNOP

Bac-E(everyday)F

Sat-D
Anc-QRSTcd

Community Exposure

Visibility

GVL
Grass Valley-Litton Building Site
Bac-E(6th day)


Community Exposure

HAN
Hanford-Irwin St.
Sat-fgh(6th day lag)


Community Exposure

HDB
Healdsburg-Limeric Lane
Bac-E(6th day)


Source

HELM
Helm-Central Fresno County
Sat-ABC
Sat-15 Ep Days

Intrabasin Gradient

JAC
Jackson-201 Clinton Road
Bac-E(3rd day)


Intrabasin Gradient

KCG
Keeler-Cerro Gordo Road
Bac-E(3rd day)


Source

KCW
Kettleman City
Sat-AB
Sat-15 Ep Days

Intrabasin Gradient

Site ID
Name
Annualc
Winter or Summer Additionsd
Fall Additionse
Purpose

KRV
Sierra Nevada Foothills-Kings River Valley
Sat-A
Sat-15 Ep Days

Interbasin Transport

KWF
Kern Wildlife
Sat-ABCD
Sat-15 Ep Days

Intrabasin Gradient

LCR
Lancaster-West Pondera Street
Bac-E(3rd day)F


Community Exposure

LKL
Lakeport  
Bac-E(6th day)


Intrabasin Gradient

LTY
South Lake Tahoe-3337 Sandy Way
Bac-E(6th day)F


Source

LVF
Livermore Old First Street
Bac-E(everyday)F

Sat-D
Bac-15 Ep Days

Interbasin Transport

M14
Modesto-14th Street
Sat-fgh(6th day lag)


Community Exposure

MAG
Mammoth Lakes-Gateway HC
Bac-E(3rd day)F


Source

MIS
Modesto-1100 I Street
Bac-E(3rd day)F

Sat-D
Anc-AGQRS

Bac-15 Ep Days

Community Exposure

MOJ
Mojave-923 Poole Street
Bac-E(3rd day)F


Community Exposure

MRM
Merced-Midtown
Bac-E(3rd day)F
Bac-15 Ep Days

Community Exposure

NLT
North Lake Tahoe (near Tahoe City)
Bac-E(6th day)


Source

OLD
Oildale-Manor
Sat-fgh(6th day lag)


Community Exposure

OLW
Olancha
Sat-ABCDU
Sat-15 Ep Days

Background

Visibility

PAC1
Pacheco Pass
Sat-AB
Sat-15 Ep Days

Interbasin Transport

PAG
Point Arguello
Bac-E(3rd day)


Background

PARN
Point Arena
Bac-E(3rd day)F

Sat-U
Anc-AGQRS

Bac-15 Ep Days

Background

PINN1
Pinnacles National Monument
Bac-F(3rd day)i


Background Visibility

PIR
Piru-2 mi SW
Bac-E(6th day)


Intrabasin Gradient

PLE
Pleasant Grove (north of Sacramento)
Sat-ABC
Sat-15 Ep Days

Intrabasin Gradient

POL
Portola
Bac-E(3rd day)F


Intrabasin Gradient

PORE1
Point Reyes National Seashore
Bac-F(3rd day)i


Background Visibility

RED
Redwood City
Bac-E(3rd day)
Bac-15 Ep Days

Source

RGI
Ridgecrest-Las Flores Avenue
Bac-E(3rd day)

Sat-D


Community Exposure

ROS
Roseville-151 North Sunrise Blvd
Bac-E(6th day)F
Bac-15 Ep Days

Intrabasin Gradient

S13
Sacramento-1309 T Street
Bac-E(everyday)F

Sat-D
Bac-15 Ep Days

Community Exposure

SAL
Salinas
Bac-E(3rd day)F
Bac-15 Ep Days

Source

SBC
Santa Barbara-3 West Carillo Street
Bac-E(6th day)F


Community Exposure

Site ID
Name
Annualc
Winter or Summer Additionsd
Fall Additionse
Purpose

SCQ
Santa Cruz-2544 Soquel Drive
Bac-E(3rd day)
Bac-15 Ep Days

Community Exposure

SDP
Sacramento-Del Paso Manor
Anc-AG

Bac-E(3rd day)F

Sat-D
Anc-QRS

Bac-15 Ep Days

Community Exposure

SEQU1
Sequoia National Park
Bac-F(3rd day)i


Background Visibility

SFA
San Francisco-10 Arkansas Street
Bac-E(3rd day)F
Bac-15 Ep Days

Source

SGS
San Andreas-Gold Strike Road
Bac-E(6th day)


Intrabasin Gradient

SJ4
San Jose-4th Street
Anc-AG

Bac-E(everyday)F

Sat-D
Anc-QRS

Bac-15 Ep Days

Community Exposure

SJT
San Jose-528 Tully Road
Bac-E(everyday)
Bac-15 Ep Days

Community Exposure

SLDC
Soledad Canyon

Sat-A (summer)

Interbasin Transport

Visibility

SLM
San Luis Obispo-Marsh Street
Bac-E(6th day)


Source

SNFH
Sierra Nevada Foothills
Sat-ABCD
Anc-GHIJKLMNOPQRSTUVWX

Vertical Gradient

Intrabasin Gradient

Visibility

SOH
Stockton-Hazelton Street
Bac-E(3rd day)F
Bac-15 Ep Days

Community Exposure

SOLA1
South Lake Tahoe
Bac-F(3rd day)i


Visibility

SQV
Squaw Valley-New Site
Bac-E(3rd day)


Source

SRF
Santa Rosa-837 Fifth Street
Bac-E(3rd day)
Bac-15 Ep Days

Community Exposure

SST
Sacramento-Health Department Stockton Blvd
Bac-E(everyday)
Bac-15 Ep Days

Community Exposure

STL
Santa Maria-Library
Bac-E(6th day)


Source

SWC
SW Chowchilla
Sat-ABC
Sat-15 Ep Days

Intrabasin Gradient

TEH2
Tehachapi Pass
Sat-AB
Sat-15 Ep Days

Interbasin Trasnport

Visibility

TEJ
Tejon Pass
Sat-A
Sat-15 Ep Days

Interbasin Transport

TRU
Truckee-Fire Station
Bac-E(3rd day)F


Source

UKC
Ukiah-County Library
Bac-E(6th day)F


Community Exposure

VCS
Visalia-North Church Street
Bac-E(3rd day)F

Sat-fgh(6th day lag)
Bac-15 Ep Days

Community Exposure

VIA
Victorville-Armagosa Road
Bac-E(3rd day)F


Intrabasin Gradient

VJO
Vallejo-304 Tuolumne Street
Bac-E(3rd day)
Bac-15 Ep Days

Interbasin Transport

WAG
Walnut Grove-ground level
Sat-A
Anc-GIQRST

Vertical Gradient

Site ID
Name
Annualc
Winter or Summer Additionsd
Fall Additionse
Purpose

WAGT
Walnut Grove-300 m agl

Anc-AGIQRT

Vertical Gradient

WLKP
Walker Pass
Sat-A
Sat-15 Ep Days

Interbasin Transport

WLN
Woodland
Bac-E(3rd day)
Bac-15 Ep Days

Community Exposure

YAS
Yuba City-Almond Street
Bac-E(6th day)F
Bac-15 Ep Days

Intrabasin Gradient

YOT

Bac-F(3rd day)i

Sat-DU
Bac-15 Ep Days

Background

Visibility

YOY
Yosemite Village
Bac-E(3rd day)


Intrabasin Gradient

aAnc=Anchor network, Bac=PM2.5 Backbone network, Sat=Satellite network.  See Table 2 for measurement code definitions.

bBac sites sample every day unless indicated every third or sixth day.  Speciation monitors operate every sixth day.  Filter measurements at Backbone PM10 sites operate every 6th day, but 3-days later than the Bac schedule.
cAnnual period is from 12/1/1999 through 1/31/2001 

dWinter unless otherwise designated.  Winter period is 60 consecutive days from 11/16/2000 through 1/31/2001. Summer period is 62 consecutive days from 7/1/2000 through 8/31/2000.

eFall period is 60 consecutive days from 9/1/2000 through 10/30/2000.

*Fall Minivol sites to be moveable at 14-day intervals in response to review of nephelometer data at other sites in the neighborhood-scale network.

Table 2: CRPAQS field study measurement methods and frequencies.

Code
Observable and Method
Frequency
Avg Time

A
Light scattering/PM2.5 mass (TBD portable nephelometer)
daily@Anc

at least 6th day@Sat

Winter 15 Ep days
5-min

5-min

5-min

B
PM2.5 mass, elements, ammonia (Minivol with Teflon/citric acid & Grav, XRF, AC)
6th day@Sat

Winter 15 Ep days
24-hr

24-hr

C
PM2.5 ions, carbon, nitric acid  (Minivol with -quartz-NaCl & IC, AC, AA & TOR)
6th day@Sat

Winter 15 Ep days
24-hr

24-hr

D
PM2.5 Organic compounds (Minivol-Teflon coated glass fiber & GC/MS)
6th day@Sat

Winter 15 Ep days
24-hr

24-hr

E
PM2.5 mass,elements (FRM single with Teflon & Grav, XRF on 10 days)
daily&3rd day@Bac
24-hr

F
PM2.5  elements, ions, carbon (EPA or IMPROVE speciation sampler)
6th day@Bac
24-hr

G
Light absorption/elemental carbon (aethalometer)
daily@Anc
5-min

H
PM2.5 organic and elemental carbon (TBD continuous carbon analyzer)
daily@Anc
30-min

I
Particle size distribution (optical particle counter)
daily@Anc
5-min

J
PM10 mass (ambient T and RH TEOM)
daily@Anc
10-min

K
PM2.5 mass (ambient T and RH TEOM)
daily@Anc
10-min

L
PM2.5 mass and elements (sequential sampler with Teflon filter)
daily@Anc

Winter 15 Ep days
24-hr

3-8-hra

M
PM2.5 ions and carbon (sequential sampler with denuder -quartz--NaCl cellulose)
daily@Anc

Winter 15 Ep days
24-hr

3-8-hra

N
NO2 (high sensitivity chemiluminescent monitor)
daily@Anc
5-min

O
NOy (TBD high sensitivity chemiluminescent monitor with external converter)
daily@Anc
5-min

P
O3 (ultraviolet absorption monitor)
daily@Anc
5-min

Q
PM2.5 nitrate (TBD continuous monitor)
daily@Anc
10-min

R
Nitric acid (TBD continuous monitor)
daily@Anc
5-min

S
Ammonia (TBD continuous monitor)
daily@Anc
5-min

T
PM2.5 sulfate (TBD continuous monitor)
daily@Anc
5-min

U
Light hydrocarbons (canister & GC/FID)
6th day@Sat

Winter 15 Ep days
24-hr

5 to 8-hrb

V
Heavy hydrocarbons (TENAX & GC/TSD/FID)
Winter 15 Ep days
5 to 8-hrb

W
PM2.5 organic compounds (Teflon coated glass fiber/PUF/XAD &  GCMS)
Winter 15 Ep days
5 to 8-hrb

X
Aldehydes (DNPH & HPLC)
Winter 15 Ep days
5 to 8-hrb

Y
SO2 (TBD high sensitivity continuous monitor)
daily
5-min

Z
Hydrogen peroxide (peroxydaze enzyme)
daily
30-min

a
Free radicals (TBD continuous monitor)
daily
10-min

b
PAN (TBD continuous luminol or GC/EC)
daily
30-min

c
Ion size distribution (MOUDI with Teflon & IC, AC)
Intermittant on Winter 15 Ep days
> 6-hr

d
Carbon size distribution (MOUDI with aluminum & TOR)
Intermittant on Winter 15 Ep days


> 6-hr

e
Aerosol Time of Flight Mass Spectrometer
Intermittant on 15 Ep days & during Fall
5-min

f
Light scattering/PM10 mass (TBD portable nephelometer)
daily on Fall Ep days@Sat
5-min



Code
Observable and Method
Frequency
Avg Time

g
PM10 mass, elements, ammonia (Minivol with Teflon/citric acid & Grav, XRF, AC)
6th day w 3-day lag@Sat

daily on Fall Ep days@Sat
24-hr

24-hr

h
PM10 ions, carbon, nitric acid (Minivol with quartz-NaCl & IC, AC, AA & TOR)
6th day w 3-day lag@Sat

daily on Fall Ep days@Sat
24-hr

24-hr

i
IMPROVE PM10 module D (Teflon)
3rd day@Bac
24-hr

aSequential samples from 0000-0500, 0500-1000, 1000-1300, 1300-1600, 1600-2400 PST

bSequential samples from 0000-0500, 0500-1000, 1000-1600, 1600-2400 PST

Table 3:  CRPAQS Upper Air Meteorological Measurements

Site
Name
Purpose
Radar
RASS
SODAR
Rawinsonde

ACP
Angel’s Camp
Interbasin Transport


WC


ANGI
Angiola
Intrabasin Transport
A
A
WC


BAC
Bakersfield-California
Urban Heat Island



WE

CRO
Crows Landing
Intra&

Interbasin Transport
A
A



EDI
Edison
Interbasin Transport
A
A



EDW
Edwards AFB
Desert Mixed Layer
A


A

ELN
El Nido
Intrabasin Transport
A
A
WC


FSF
Fresno-First Street
Urban Heat Island



WE

HUR
Huron
Intrabasin Transport
A
A



LGR
Lagrange
Upslope/

Downslope Flow
WC
WC
WC


MCK
McKittrick
Intrabasin Transport
A
A



MEN
Mendota
Intrabasin Transport
WC
WC
WC


MKR
Mouth Kings River
Upslope/

Downslope Flow
A
A
WC


MON
Monterey
Offshore/

Onshore Transport
A
A



MTL
Mettler
Southern Valley Barrier
WC
WC
WC


NTD
Point Mugu USN
Offshore/

Onshore Transport



A

OAK
Oakland Airport
Offhore/

Onshore Transport



A

RBF
Red Bluff
Northern Valley Barrier


WC


RIC 
Richmond
Offshore/

Onshore Transport


A


RSA
Rosamond
Interbasin Transport
A
A



Site
Name
Purpose
Radar
RASS
SODAR
Rawinsonde

SAC
Sacramento
Intrabasin Transport
A
A



SAM
Santa Maria
Interbasin Transport
WC
WC



SJO
San Jose
Intrabasin Transport
WC
WC
WC


TRA
Travis AFB
Intrbasin Transport
A
A
WC


VBG
Vandenburg AFB
Offshore/

Onshore Tranport



A

VIS
Visalia
Intrabasin Transport
A
A



WIL
Williams
Northern Valley Barrier
WC




APPENDIX A

Identification of Important Issues and Fallback Positions In the Event that a Photochemical Grid Model With an Adequate Aerosol Mechanism is Unavailable

The purpose of this memo is to try to determine whether the field program plan and the proposed data analyses will be adequate to address issues that would primarily be addressed through use of a (photochemical grid) model.  In doing this exercise, we first asked which model or models might be critical and yet questionable with regard to their availability for use.  Our decision was that the most problematic model would be the photochemical grid model with an aerosol mechanism.  Other models have been used to address many of the issues associated with PM-10, especially with primary particulate matter.  The grid model is needed to determine:

1. Limiting precursor for situations in which nitrate is the limiting component of ammonium nitrate

2. Source attribution of secondary aerosols, especially ammonium nitrate

3. Radius of Influence for sources of precursor of secondary aerosols

4. Transport and relative impact of transported versus local secondary aerosols as well as primary fine particles

5. Conversion of gaseous hydrocarbons to secondary organic aerosols

6. Prediction of emission reductions on future particulate concentrations

7. Effects of precursor reductions for PM 2.5 on other criteria pollutants and standards

Our assessment is very preliminary.  It is really done to force us to review the adequacy of the plan to date to provide information that could be used in lieu of a grid model if model performance is found to be inadequate.  We suggest that this memo is a dynamic document that will be modified to by others.

Limiting precursor for situations in which nitrate is the limiting component of ammonium nitrate.  In trying to answer this question, we have already asked Christian Seigneur to provide more information on the need for measurements of both nitrogen species and oxidants that could elucidate the predominant wintertime nitric acid formation mechanism.  The oxidant measurements are difficult to make, but it is our understanding that these measurements will be attempted at the core site at Angiola.  One of our questions is whether making these measurements at a single site will be sufficient to gain an understanding of this question for other areas in the Valley as well as the Bay Area.  Are the results transferable?  Is there a probability that the information from the single site will allow development of an “observational” model similar to that developed for ozone which might depend on indicator species that are not difficult to measure?  Can any of this information be determined by smog chamber experiments or by doing a set of chemistry simulations to see the effects of different precursor concentrations?  Without some input from others, we are not sure that there is a backup position for this issue.

Source attribution of secondary aerosols, especially ammonium nitrate.  This is a difficult question.  There does not seem to be a clear set of measurements that can provide this information directly.  It may be possible to understand relative contributions of surface and elevated emissions of NOx through a well-designed tracer experiment coupled with meteorological information from both tower and sounder/profiler measurements.  But none of that information will provide any direct information about the chemical transformation of NO to HNO3.  Some additional information may be gained if there are air quality measurements made aloft on the tower and through use of aircraft with appropriate air quality instrumentation.  Synthesis of  the experimental information may be the fall-back position.  

For secondary organic aerosols, the situation does not appear as bleak.  There will be gaseous measurement of hydrocarbon precursors.  Work has been ongoing at Cal. Tech. and other universities to develop chemical mechanisms for secondary organic aerosol formation.  Some of this work has been done using smog chambers.  It may also be possible to carry out a chemical mass balance approach using source profiles and the types of analytical analyses that have been developed at Cal. Tech.

Radius of Influence for sources of precursors of secondary aerosols.  The problem that may not be answered by any of the above is the “radius of influence” for the secondary emissions.  This may be addressed indirectly through use of a prognostic meteorological model, or other type of meteorological approach (statistical) if it can be shown that the meteorological model can meet performance expectations, which are undefined at present.  Data needed for input and evaluation of the meteorological model appear to be included in the field plan with the inclusion of multiple wind and temperature measurements at the tower along with surface and sounder/profiler/RASS measurements.  Understanding of the meteorology associated with the build-up of secondary aerosol leading to high concentrations may be the only viable option.

Determination of transport and relative impact of transported versus local secondary aerosols as well as primary fine particles.  Most of the instrumentation and analyses, as well as the possibility of using a prognostic met. model may allow an  understanding of surface and aloft winds.  If aircraft are used to make aerometric measurements above the fog layer (or at multiple altitudes for fog-free situations), estimates of flux can be made (note that the present configuration of SAQM does not allow for non-homogeneous  flux planes).  At the same time, consideration should be given to identification of tracers of opportunity that may identify transport patterns.  We have not taken into account any potential tracer experiments, as these are currently being evaluated as to their possible utility and probability of success.  Decisions on use of tracers will have to be factored into these issues as the decisions are made.

Conversion of gaseous hydrocarbons to secondary organic aerosols.  As noted above, there is ongoing work being done on chemical mechanisms.  It is anticipated that this work will continue.  It will lead to rate constants that may possibly be used to determine the conversion of gaseous species under various conditions (temperature, solar radiation, etc.).  These can then be applied to the different source profiles.

Prediction of the effect of emission reductions on future particulate concentrations:  This issue is specifically aimed at the secondary aerosols.  Previous analyses have suggested that the annual standard may be the controlling standard.  However, those same analyses, as well as the discussion in the modeling protocol recognize that information on how secondary aerosols will respond to reduction of precursors is still driven by episodic modeling.  Thus, if the aim of this memo is only to identify a fallback position for photochemical aerosol modeling, then there is none.  Rather, the fallback should be that the above analyses, when synthesized, provide a weight of evidence that the path being taken will reduce fine particulate levels.  One very central decision will have to be which of the various paths should be pursued if there are multiple approaches to reducing fine particulate.  For example, it may be that reductions of wood smoke could provide the reductions needed for attainment, rather than going after other types of reductions that currently cannot be quantified.

Effects of precursor reductions for PM 2.5 on other criteria pollutants and standards: There are a number of concerns about how this issue is addressed.  One of the problems is that CCOS is a very problematic effort, especially when considering the technical versus regulatory timing issue, the available funds and whether those funds are sufficient, the use of a out of date (SAQM) model, etc.  If enough information is developed from the above analyses to determine if ammonium nitrate is a primary target for reduction to meet the federal standards, and whether NOx is the precursor to reduce, then we need to revisit the ozone strategy that is being pursued by various districts for the California Clean Air Act.   There may be conflicts between the ozone and fine particle strategies that will need to be resolved.

Steve Ziman

Rob Demandel

16 November 1998
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