Statements of Work for Sonoma Technology, Inc.  (Tasks 1 through 6; Task 7 work scope submitted separately)  (Abbreviated; August 23, 2002)

1.1 Task 1.1:  Evaluation of Sampling Methods  

Task 1.1 objectives involve the evaluation of individual measurement methods using both collocated measurements and measurements made using different methods.  We are addressing the questions listed in the RFP under Task 1.1 concerning light-scattering measurements and collocated PM sampling methods (Section 3.1.1); the comparability of the reactive nitrogen species NOy and its components (Section 3.1.2); and intercomparisons between aircraft and surface monitors during the summer CCOS (Section 3.1.3).

Statement of Work

1. Assemble and complete the validation of the RR 903 nephelometer data.  It is expected that STI and T&B Systems will work cooperatively on the following subtasks.  Each organization will perform these tasks on its own data and the results will be shared.  Willard Richards will provide technical guidance to both STI and T&B.

1.1. Download available data recorded by the RR903 from the CRPAQS database and review for completeness.  These data include light scattering by particles (bsp), temperature (T), atmospheric pressure (P), and relative humidity (RH).  If missing data are identified, work with Greg O’Brien to complete the database.  T&B Systems and STI currently have the RR903 data, so work can proceed in the event that extracting data from the main CRPAQS database is delayed.

1.2. Apply calibration factors to selected Level 1 data.  Each organization will apply calibration factors to its own data as appropriate, and the results will be shared. (Calibration factors were not routinely applied to the RR903 data during Level 1 validation.  The data from some instruments will be improved by applying calibration factors.)

1.3. When corrections to the RR903 data are identified through application of calibration factors or comparisons with collocated measurements described below, document these corrections and follow the established procedures to submit them to the CRPAQS database.

2. Determine the relation between the RR903 bsp and collocated measures of PM2.5 and PM10.

2.1. Obtain all available CRPAQS data from measurements collocated with RR903 nephelometers for the following parameters:  All measures of PM (MiniVol, Beta attenuation monitor [BAM], DRI Sequential Filter Sampler [SFS], Tapered-Element Oscillating Monitor [TEOM], Federal Reference Method samplers, etc.) and surface meteorology (T, RH, wind speed, wind direction).  At many Satellite Sites, only MiniVol 24-hour PM data will be available.  Data from the nephelometers operated according to ARB Method V in the study area will be obtained for the study period along with data from other measurements in the above list collocated with the Method V nephelometers.

2.2. Obtain from DRI the latest results from their ongoing evaluation of the accuracy, precision, validity, comparability, equivalence, and biases of the various PM measurements.  It is recognized that different PM sampling methods have different particle-size cutpoints and respond differently to semi-volatile species, such as organics, nitrates, and water.

2.3. Perform regression analyses on stratified data.  Factors likely to affect the relation between bsp and measures of PM include:  PM composition (fraction of the PM10 that is PM2.5, chemical composition of the PM2.5), RH, season, monitoring site, etc.  Whether or not the smart heater is heating the RR903 sample airflow may affect the correlations.  These analyses will be supported by scatter plots, time series plots, etc.  The approach will be similar to that used by Richards et al. (1999b) during IMS-95, and will include the determination of the confidence limits on the relations.

Care will be taken during these analyses to account for differences in the operating configuration of the nephelometers, e.g. whether the RH sensor was on the sample airflow inlet or outlet.  Consideration will be given to generating one database in which bsp data from one mode of operation have been converted into estimates of the bsp reading that would have been obtained had the other mode of operation been used.

2.4. These findings will be condensed into simple relations with confidence limits that can be used to estimate PM2.5 concentrations from bsp readings.  It is possible that data for the site and season may be useful surrogates for data on the PM size distribution and composition and may help make the simple relations more practical.  In addition, a data file of 5-minute and hour average PM2.5 concentrations and confidence limits estimated from the CRPAQS bsp readings will be prepared and submitted to the CRPAQS database.

2.5. A brief, non-technical guide to the use of the relations between PM2.5 and bsp will be prepared.  One purpose of this discussion will be to help a person with limited training in aerosol science understand the strengths and limitations of these relations.

3. Meetings and reports

3.1. Willard Richards will attend the kickoff meeting and other CRPAQS meetings as appropriate and Siana Alcorn will attend the kickoff meeting (in Sacramento).

3.2. Bullet items for the STI monthly progress reports will be prepared.

3.3. The final report will consist of a journal article to be submitted for peer-reviewed publication accompanied by appendices that will not be submitted for publication.

3.4. A paper will be submitted to the same technical conference as the other CRPAQS Initial Data Analysis papers.

1.1.1 Examination of the Comparability and Partitioning of the Reactive Nitrogen Species at the CRPAQS Anchor Sites

Objectives

The objectives of this proposed work are to address the following questions for the reactive nitrogen species:  

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

2. What is the quality of the NOy and NOy(i) species data collected?  If some bias in the data is found, what utility might the data still have (e.g. establishing limits on the concentration of some species)?

3. How do the established data quality bounds limit the utility of the reactive nitrogen data to illustrate the chemical and physical processes that link the primarily gas-phase reservoir of reactive nitrogen to PM concentration issues?

Statement of Work/Deliverables:

4. Compile the coincident measurements of NOy and NOy species collected at the Anchor sites.  Integrate the faster measurements over the collection period of the slower measurements where applicable.

5. Evaluate the consistency of the collocated NOy measurements for the Sierra Nevada Foothills, Angiola, and Fresno sites.

6. Evaluate the data quality of the NO2 measurements and the NOx (NO+NO2) quantity for the data collected at all the Anchor sites.

7. Summarize the partitioning of NOy among the NOy species as a function of time of day and as a function of air mass age (given as NOx/NOy when possible).

8. Assess the quality of the measurements within the stated measurement uncertainties.

9. Examine the NOy partitioning as a function of ozone, PM, meteorological conditions, and season.

10. Prepare report discussing these technical elements and results of analysis.

1.1.2 Comparability and Equivalency of Collocated Sampling Methods 

The questions to be addressed in this part of Task 1.1 of the RFP are as follows:

· What is the comparability and equivalence among collocated sampling methods?

· What are the biases of one instrument with respect to others?

· How can these biases be minimized?

Statement of Work

11. Compile a database of the periods containing ground and aircraft measurements of reasonable coincidence in space and time.

12. Examine the comparison of measurements collected with respect to the vertical and horizontal gradients observed.  The vertical gradient can be derived from the aircraft data when a vertical profile was collected over the ground site, and the horizontal gradient can be assessed by examining the ground-based record for some period before and after the overflight.

13. Make a quantitative assessment of the comparability of the ground- and aircraft-based measurements.  Assess the comparability between measurement sites based on individual comparisons to the aircraft data.

14. Prepare a final report containing the results of these specific analyses.

TASK 1.3:  Evaluation of Surface and Aloft Meteorological Measurement Methods

Task 1.3 focuses on evaluating the adequacy and validity of meteorological measurements to resolve the spatial and temporal atmospheric features of interest in the overall data analysis effort.  Knowing the horizontal and vertical representativeness of the measurements will assist other researchers in making better use of the meteorological data.

Analysis Approach

We propose the following analysis approach to examine the spatial representativeness of the meteorological data.  Each subtask is listed below:

1. Acquire meteorological data.  Download the surface and upper-air data from the CRPAQS database for one major episode during each of the summertime and wintertime sampling periods.  Acquire all upper-air data including the radar wind profiler, RASS, sodar, and rawinsonde data.  These data would be examined for any obvious outliers or problems, but we assume that all the data has received Level 1 data validation.  Data will be converted into an internal format suitable for GIS analysis and processing with STI’s profiler processing software.

2. Process meteorological data.  Determine data availability and compute transport statistics using the surface and upper-air meteorological measurements: 

Compute a data availability matrix for each measurement site that summarizes the temporal resolution, station altitude, lowest and highest measurement heights, and any significant data gaps during the episodes.

Calculate transport statistics to identify periods and altitudes of ventilation, stagnation, or recirculation using the upper-air (i.e., radar profiler and sodar) and surface meteorological data.  For each site, identify layers where the local, regional, and synoptic-scale forcing occurs, which will be a function of the site’s proximity to terrain. These layers will be different for the summertime and wintertime episodes.

Create averaged diurnal wind profiles for each site and each episode (see Figure 3-2).  These time-height cross sections of winds can be extremely useful for identifying the heights where local, regional, and synoptic-scale forcing occurs.

Develop representativeness criteria.  Use the height of these layers to develop criteria for estimating the spatial representativeness of the surface and aloft measurements.

In the locally forced layer closest to the ground, the spatial representativess likely does not extend over a wide area.  In addition, the extent is most likely limited by the surrounding terrain and its slope.  The GIS tools will be used to estimate the horizontal extent of this low-level layer by using the height of the measurement and the slope and altitude of the surrounding terrain, in effect creating a zone of representativeness around each site. 

In the regionally forced layer, the representativeness of the aloft meteorological variables probably extends over a wider region but is still influenced by terrain.  We will use the layer heights combined with the height of the terrain using GIS to help bound the representativenss of meteorological conditions at each site.  

In the synoptically forced layer, we will use other analysis like correlation, guided by manual reviews by a meteorologist to establish the representativeness at this altitude.  

In developing these criteria, we will use our understanding of upper-air data and atmospheric processes to aid us in determining the representativeness of the criteria to use with GIS.

Analysis of representativeness using GIS.  Base maps of input data sets will be prepared, including digital elevation and locations of surface and upper-air meteorological data collection sites.  New data will be derived from the input data sets such as the slope of the terrain and/or elevation contours.  Distance calculations will be performed to derive spatial extents (representativeness polygons) by considering topographical influences for different heights above ground.

For example, if a measurement site was located in the SJV but near the mouth of a river canyon, depending on the altitude and time of day, aloft measurements would be influenced by terrain-forced flows.  Starting at the lowest level, we might find from the analyses in Step 3 that on average the downslope flows affect the winds from the surface to about 400 m agl.  This locally forced flow is probably not very representative of a large area; rather, it depends on the terrain characteristics.  We would then use GIS with digital elevation data to estimate the spatial extent of the measurements based on change in terrain height, terrain slope, etc.  At this level the meteorological conditions from this measurement site are likely to represent a limited distance up the river canyon and a greater distance out into the SJV.  We will then create a zone of representativeness around the site.  This process would be repeated from the next highest level.

Interpretation of results.  Evaluate representativeness maps to ensure that the results are physically consistent with atmospheric processes and our understanding of the flows in the SJV.  In addition, we will overlay the chemistry sites on the meteorological representativeness maps to determine sites where the meteorology and chemistry data are coupled; these data can be used during other analyses listed in the RFP.  Next, we will determine the spatial extent of several atmospheric phenomena (eddy, low-level jet, fog, etc.) and determine whether enough measurements exist to represent the given phenomena.

Validation of results.  Verify the generally applicable conclusions of this analysis by comparing representativeness at selected sites to the consistency of the wind fields computed in Task 5.2.
Documentation.  Document the approach and results of this exploratory analysis for journal publication.  In addition, we will set up a web page that allows other researchers to view the representativeness maps and overlay the meteorological and/or chemical site locations.

2. question 2:  temporal, spatial, and chemical pm variations

2.1 Task 2.4:  Assessing boundary conditions

2.1.1 Objectives

The questions to be addressed in Task 2.4 of the RFP are as follows:

What are PM and precursor concentrations at boundary and background sites?  

How do the concentrations vary temporally and spatially?  

How much might these be biased by local sources?  

What are reasonable values for boundary and background atmospheric compositions to be used for both grid and source apportionment modeling?  

How important are these boundary and background levels when PM2.5 and PM10 are high at other locations? What is the portion of the total attributable to background? How much of the variance in the high concentrations is attributable to background concentrations? 

It is also important to note that boundary conditions can be used to assist in interbasin transport assessment and quantification in addition to model applications.  

2.1.2 Statement of Work

We propose the following tasks to address the questions posed for Task 2.4 of the RFP.  

1.  Literature Review

This task will be limited to new and updated literature.  To the extent that new data are available, we will review and summarize previous boundary and background concentrations for central California and for clean Pacific air and summarize the results in the final report and paper.  We will use our previous study results and the literature results to develop ranges of concentrations that are representative of background and clean air boundary sites.  These ranges will then be used to develop selection criteria to help in the selection of sites and time periods for further analysis in the next step.

2.  Assess data availability and select sites and time periods for study.  

In this task, we will select time periods, sites, and potential data sets for further investigation into boundary conditions.  We will use the results of other tasks, summaries of episode concentrations and meteorology, and discussions with other investigators.  We will discuss this list with other investigators and with the ARB.  We will then obtain the 1-hr and 24‑hr data from the CRPAQS data management system for the selected sites and time periods for the available parameters.  

We will prepare selected descriptive displays of data to augment those received from other tasks (such as Task 2.2) to further investigate relationships among species and sites including 

Time series plots of selected pollutants and time periods using different groupings of sites than were previously prepared

Box plots of concentrations or ratios by site, time of day, day of week, and month as needed using SYSTAT statistical software as needed to augment products from other tasks

Scatter plots, scatter plot matrices, and correlation tables of selected pollutants at individual sites or among sites to obtain an understanding of the relationships among potential boundary sites

Summary statistics (distribution, minimum, maximum, median, average, confidence interval, coefficient of variation) of PM mass, PM composition, and PM precursors by site, time of day, day of week, episode, month and season to investigate data (for those data summaries not available through the data management system)  

Spatial maps of selected episodes or data subsets as needed to augment other task products

We will also use other investigative tools to characterize the boundary conditions including:

Cluster and/or factor analyses of selected data sets to further investigate species, dates, or boundary sites that behave similarly

Backwards trajectories using HYSPLIT or wind modeling proposed to be performed by STI in Tasks 5.2 (Calmet) for selected sites and episodes during summer and fall/winter transport conditions.  We will work with in-house meteorologists and the results of other analyses to select the appropriate heights for the trajectories (e.g., considering mixing heights, terrain, etc.).  

All these analyses will be used to establish selection criteria for boundary conditions.  We will then prepare summary statistics of concentrations at the boundary for selected meteorological conditions.

We will review source apportionment results and trajectory information to investigate likely samples with high proportions of non-anthropogenic PM.   We will summarize the characteristics of these samples (e.g., range of concentrations, mean, coefficient of variation).

3.  Documentation


We will summarize our results in a report and draft paper for publication.  A brief outline of these documents is provided next:

Abstract

Implications statement (if prepared for AWMA)

Introduction and Task objectives

Definitions, Selection Criteria, and Episode Types

Available Data

Overview of technical approach and analysis techniques

Summer Transport Boundary Conditions

Fall/Winter Transport Boundary Conditions

Winter Stagnation Boundary Conditions

Conclusions

References

2.2 TAsk 2.5:  Analysis of PM and Precursor Concentrations in the Vertical Dimension

2.2.1 Objectives 

The questions to be addressed in Task 2.5 focus on the vertical variations of PM and PM precursors:

How do PM, precursor, and associated pollutant concentrations vary in the vertical dimension?  

To what extent are ground-based measurements at higher elevations influenced by horizontal rather than by vertical phenomena?  

How does vertical variation in meteorology and particle size affect the vertical distribution of PM10 and PM2.5?

2.2.2 Summary of Approach

Air quality data from two tower sites, Angiola and Walnut Grove, and the Sierra Nevada Foothills site will be used to address the questions posed in Task 2.5.  Data analysis will first focus on the tower sites because these measurements involve only vertical displacement from the SJV.  The Angiola tower measurements will be inspected first because the tower was located in a remote area, and local sources were not expected to strongly influence the site (except when there was local farming activity).  A number of gas- and particle-phase measurements were made at the Angiola tower.  We expect some pollutants to display similar vertical patterns, and the variety of measurements should provide some collaborating evidence for various situations.  The analysis of the Angiola data should provide a good basis for inspecting the remaining sites of interest.  The Walnut Grove tower measurements will be inspected next because these measurements also involve only vertical displacement.  The Walnut Grove site was considered a transport site because emissions from the San Francisco Bay Area are transported through the area into the SJV.  With a better understanding of the vertical effects at the Angiola and Walnut Grove sites, the Sierra Nevada Foothills site will be inspected because this site involves vertical and horizontal displacement from the SJV.  Analyses from IMS-95, along with results from other CRPAQS data analysis tasks described in this proposal, will be used to interpret vertical variations in pollutants, draw conclusions about the observations, and possibly improve the conceptual model of pollution in the SJV.  

In summary, the variation in pollutants in the vertical direction will be assessed using time-series, scatter, and box-whisker plots of the Angiola and Walnut Grove data.  The vertical distribution of PM10 and PM2.5 will be thoroughly investigated using the OPC and nephelometer data at the three different elevations in Angiola.  Using the information gained from the tower data analyses, the influence of vertical and horizontal phenomena at the Sierra Nevada Foothills site will be evaluated.  

2.3 task 4.2:  emissions inventory reconciliation

2.3.1 Task 4.2 Objectives

The objectives of the emission inventory evaluation task are threefold: (1) to assess how well source contributions and emissions estimates can be reconciled with ambient data; (2) to assess how emissions estimates and ambient data vary by season and spatial location (urban versus rural); and (3) to determine how (and to what extent) secondary organic and inorganic components can be correlated to precursor emissions.

Questions to be addressed in Task 4.2: 

How well can source contributions, ambient concentration ratios, and emissions inventories be reconciled with ambient data?

How does this vary by season and by urban versus non-urban regions?
How well can secondary organic and inorganic components be related to precursor emissions?

2.3.2 Technical Approach

Using ambient measurements collected during the CRPAQS field study, STI will compare emissions estimates with ambient air quality data on a seasonal and spatial basis by comparing emissions- and ambient-derived primary pollutant ratios of hydrocarbon/NOx, CO/NOx, SO2/NOx, PM10/NOx, PM2.5/NOx, and NH3/NOx.  Primary pollutant ratios will be compared for up to three urban and two rural sites to be determined in consultation with ARB.  The secondary inorganic aerosol components and estimates of the secondary organic aerosol components will be correlated with precursor emission source strengths at different locations for periods with similar meteorological conditions.

The scope of work for the emission inventory evaluation task has been divided into three work elements:

Site selection and data processing

· Comparison of emission inventory and ambient primary pollutant ratios

· Evaluation of secondary organic and inorganic components

Our proposed approach for each of these work elements is presented below.

Site selection and data processing

STI will work with ARB to select ambient monitoring sites for which to compute pollutant ratios for comparison with the emission inventory.  We will determine data requirements and summarize data availability by site for computing primary pollutant ratios and secondary pollutant analyses.  We will produce a list of sites that have adequate air quality and meteorological data to carry out analyses.  STI will work with ARB to select three urban and two rural sites suitable for performing the emission inventory evaluation, to the extent possible, on a seasonal basis.

As part of this work element, we will process the ambient air quality and meteorological data collected at (or near, for meteorological data) the five selected sites into formats needed for comparisons with the emission inventory.  We have assumed that the data will have been validated to Level I at the time of acquisition.  We will perform statistical analyses of the ambient air quality data including calculations of minima, maxima, averages, and medians.  Summary tables and charts of ambient air quality data will be prepared.   In addition, validated surface meteorological data will be analyzed and average seasonal wind roses will be generated to understand the potential influence of the meteorology (e.g., mixing depth, wind speed, and direction) on the ratio comparisons.  The results of these analyses will suggest if the data collected are appropriate for this type of evaluation.

Emission inventory data obtained from ARB will be processed and analyzed.  The individual chemical species reported in the inventory will be matched to those measured in the ambient data.  The compounds that were not capable of being detected by the sampling and analysis methods will be ignored, and the emissions data will be converted from mass to molar units.  The processed emissions data will be analyzed and summary tables will be prepared.  These tables and graphs will contain emission characteristics by grid region and major source categories.

Comparison of ambient- and emission-derived hydrocarbon/NOx, CO/NOx, SO2/NOx, PM/NOx, and NH3/NOx
The second work element will involve computing hydrocarbon/NOx, PM10/NOx, PM2.5/NOx, CO/NOx, SO2/NOx, and NH3/NOx from ambient and emission inventory data.  Ambient and emission-derived ratios will be compared for a selected subset of days/hours for which the ambient data meet specified selection criteria.  Comparisons will be made for different sets of grid cells to determine potential meteorological effects on the ratios.  Ambient derived-ratios will be compared with emission-derived ratios for emissions from the grid cell where the monitor is located, as well as regions (wind quadrants) surrounding the grid cell where the monitor is located.  In addition, we will evaluate the effect of elevated point sources by comparing ambient-derived ratios with emission-derived ratios with and without emissions from elevated point sources.  

The results of the ratio analyses will be compared to findings from the CMB work carried out in Task 4.1 to examine emissions source contributions in the inventory and in the ambient data.  The results of the ratio comparisons will be discussed in the context of “comparison uncertainty issues” which can be stratified in the following categories: (1) accuracy of the emission inventory, (2) accuracy of the ambient measurements, and (3) suitability of comparisons.  

Evaluation of secondary inorganic and organic compounds

For this element, we will first estimate the amount of secondary organic aerosol from the OC measurements.  We proposed to use the OC/EC ratio approach (Turpin and Huntzicker, 1995) with the modifications that were implemented for use with the IMS-95 data (Strader et al., 1999).  This method takes advantage of the fact that EC and primary OC are often co-emitted and EC may, therefore, be used as a tracer of primary OC.  The underlying hypothesis is that EC and primary OC often have the same sources, and, therefore, there is a representative ratio of primary OC/EC for the primary aerosol in a given area.  If the measured ambient OC/EC ratio exceeds this expected ratio, the excess OC is considered to be secondary.  

In the second part of the exploratory analysis, we will compare spatial patterns of PM2.5 sulfate, nitrate, ammonium, and secondary organic aerosol ambient concentrations with the spatial patterns of SO2, NOx, NH3, and VOC in the emissions inventory.  The comparisons will be made for several different seasons and meteorological conditions.  We will examine emissions-air quality correlations that may be evident in this new and extensive CRPAQS data set that were not apparent in earlier, more spare data sets.

2.4 Task 4.3:  Detecting Specific Source Activities, Reconciling Ambient Measurement Variations and Observations to Emissions 

2.4.1 Background and Technical Approach

The objective of Task 4.3 is to determine whether patterns in ambient air quality observations originate from regional and/or consistent emissions processes versus local and/or short-term emissions processes.  STI will analyze the observational record, described in the above paragraph, and the ambient data to characterize the relationship, if any, of ambient air quality measurements to local or short-term emissions sources.  STI will determine the extent to which specific activities from the observational record correlate with ambient air quality patterns, which may include spatial patterns, temporal patterns, variations in particle size distributions, and variations in chemical speciations.  

The analyses proposed for Task 4.3 are as follows.

Step 1:  Coordinate with and provide information to Dr. Judy Chow (DRI) during her proposed CMB analyses of PM source contributions.  As needed for specific sampling periods and times, STI will review the observational record and provide feedback to Dr. Chow about observed local and short-term emissions sources and their potential effects on air quality measurements.  Dr. Chow will define specific sampling periods and sites for STI to review from the observational record, which will correspond with any unusual CMB modeling results that may arise during the course of her analysis.

Step 2:  For the Angiola Tower site, compare continuous air quality data sets with the continuous observational record that exists for the period September 2000 through January 2001.  Because the Angiola Tower site has the most finely time-resolved data sets (both for air quality and observational data), it offers the best opportunity to identify positive correlations.  If no correlations are found, STI will coordinate with the ARB and with Dr. Chow to make decisions about how the remaining proposed analyses (Steps 3 through 5) should proceed.

As the first part of Step 2, STI will examine outliers in the continuous air quality data sets in comparison with the continuous observational record.  This comparison will provide a preliminary insight into which pollutants are most likely to be related to local short-term activities.

As the second part of Step 2, STI will compare periods when short-term activities were observed in the upwind direction to periods when positively no unusual activities were observed in the upwind direction.  The purpose of this comparison is to determine whether high air pollutant or precursor concentrations correlate with the appearance of short-term emissions activities in the local upwind vicinity.  

Step 3:  Analyze patterns in the air quality data sets for anchor and satellite sites to determine whether high ambient concentrations correlate with short-term emissions activities.  This is similar to the analysis described above for the Angiola site but differs somewhat because of the reduced frequency in the observational record.  Most of the anchor and satellite sites have a discontinuous observational record with a frequency of only once in several days.  However, there are some circumstances where observations were logged more frequently; for example, continuously stationed technicians at the Sierra Nevada Foothills and Bakersfield sites recorded their observations of nearby emissions activities almost daily.  In addition, emissions activities occasionally were noted to be in progress when site operators were present, which allows us to better define the corresponding sampling time period from the nearby sampling site.  STI will compare periods when short-term activities (such as agricultural tilling) were observed in the upwind direction to (1) periods when positively no unusual activities were observed in the upwind direction, and to (2) periods when local emissions activities were unknown because no site operator was present.

Step 4:  Compare spatial and temporal patterns in the CMB modeling results with the observational record.  STI will begin Step 4 by examining data for the Angiola Tower site.  As positive correlations are identified, STI will expand this analysis to other anchor sites (for which 5-hr CMB results will be available) and then to satellite sites (for which 24-hr CMB results will be available).

STI will compare CMB results that correspond to sampling periods when upwind activities were present to those that correspond to sampling periods when positively no activities were present (or when activities were unknown).  Through this comparison, STI will determine whether the source signatures that are indicated by the CMB analyses appear to reflect the impacts of short-term, local emissions sources.  

In addition, an analysis will be performed that focuses on the relationship between longer-term, local emissions activities and spatial site-to-site variations in air quality observations.  STI will determine whether the CMB analyses appear to reflect the influences of semi-permanent or permanent local emissions activities by comparing the typical CMB results for sites that are known to be positioned near a type of emissions source (such as agricultural) to those that are known to be relatively displaced from that type of emissions source (and from sources that have similar CMB source profiles).

Task 5.2:  Evaluation of Transport 

Task 5.2 addresses a number of questions related to meteorological variables associated with elevated PM10 and PM2.5 concentrations; specifically, the transport characteristics of PM and its precursors under different meteorological conditions.  STI intends to answer the following questions posed by Task 5.2:

15. What are the inter- and intra-basin winter and non-winter transport pathways in Central California? 

16. How do eddy flows and the nocturnal jet influence transport paths and PM concentrations?

17. Are there well-defined pollutant flux planes between source and receptor areas during the winter, as past studies have shown to exist during the summer?

18. What is the PM and PM precursor flux through the flux planes during or on the day prior to winter and non-winter PM episodes.

19. What is the relationship between synoptic/regional meteorology and inter- and intra-basin winter and non-winter transport and fluxes and how does the meteorology influence transport distance and speed?

20. What types of synoptic/regional meteorology are associated with stagnation and little or no transport between basins?  

21. Are synoptic meteorological patterns and resulting transport paths correlated?

22. Is the dispersion of PM and PM precursors always dominated by advection or does diffusion play an important role under low wind speed conditions?

We propose that the winter and non-winter transport characteristics of particulate matter and its precursors as outlined above be assessed by modeling and descriptive analysis.

2.4.2 Technical Approach

STI and T&B Systems will perform three activities to address the questions posed in Task 5.2:  (1) obtain and confirm validity of data; (2) modeling and trajectories; and (3) analysis of model output and observational data.  These activities are described below.

1. Obtain and confirm validity of data
For this task, we will gather PM and nephelometer data collected during the CRPAQS at sites within the SJV air basin.  Using this data, we will select up to 40 winter and non-winter PM episode days to study.  The study episodes should represent the various PM episode types, including summertime fugitive dust and secondary particulate events; early fall fugitive dust; agriculture burning and secondary particulate events; and late fall and wintertime weak fog and light wind PM events that are dominated by secondary ammonium nitrate, ammonium sulfate, and organic aerosols.  The selected episodes should also include days when transport appears to have a significant influence on PM and days when local stagnation appears to have a significant influence on the PM.  For contrast, the selected days should include some days on which PM concentrations remained low to moderate.  In addition, when selecting PM episode days, we will consider various PM characteristics such as the maximum PM concentration, the duration of high PM concentrations, and the spatial extent of high PM. 

For the selected episodes, we will obtain PM and nephelometer data collected at sites surrounding the SJV air basin that are useful for assessing transport of PM and PM precursors.  We will also obtain radar wind profiler and moments data, RASS virtual temperature data, rawinsonde data, and surface meteorological data at all sites with validated data within central California that are reasonable to obtain.  We will then conduct a brief review of the data to confirm its quality for use in modeling and data analysis.  Data with validity issues that cannot be quickly resolved will not be included in the modeling and subsequent analysis effort.  Table 7-1 shows the radar wind profiler and RASS sites that operated during various periods of CRPAQS and from which we will obtain data.  We will use the radar profiler moments and RASS virtual temperature data to estimate mixing heights and then use the mixing heights to determine when and where air parcels at different levels mix to the surface.  Section 7.1.4 provides details about how we will estimate mixing heights.  We will also obtain and decode Eta Data Assimilation Data System (EDAS) model wind field data for the episode days.  The EDAS data will be used as the “domain mean wind” in the CALMET model runs; the CALMET model is discussed in detail in Task 2.  

Table 7-1.   Radar wind profiler and RASS sites that operated during various periods of

 
CRPAQS.

Site Name
Site ID
Latitude
Longitude

Angiola 
ago
35.95
-119.54

Arbuckle 
abk
39.1
-122.04

Bodega Bay 
bdb
38.2
-123

Bakersfield 
bkf
35.35
-118.96

Carrizo Plain 
car
35.4
-120.09

Chowchilla 
ccl
37.11
-120.24

Chico 
cco
39.69
-121.91

Fresno 
fat
36.77
-119.71

Grass Valley 
gvy
39.17
-121.11

Los Banos 
lba
37.07
-120.87

Lemoore 
lem
36.27
-119.8

Lost Hills 
lhs
35.62
-119.69

Livermore 
lvr
37.7
-121.9

Mojave 
mjv
35.09
-118.15

Monterey 
nps
36.69
-121.76

Pleasant Grove 
psg
38.77
-121.52

Redding 
rdg
40.52
-122.3

Richmond 
rmd
37.95
-122.4

Sacramento 
sac
38.18
-121.25

Simi Valley 
sim
34.3
-118.8

San Martin 
smr
37.1
-121.6

Stevinson 
svs
37.34
-120.83

Tracy 
tcy
37.7
-121.4

Trimmer 
tmr
36.9
-119.31

Fairfield 
tra
38.27
-121.92

Visalia 
vis
36.31
-119.39

Waterford 
wfd
37.65
-120.67

2.  Modeling and Trajectories  

The model will be run with a fine enough horizontal and vertical resolution to accurately capture the timing, strengths, and vertical structure of the important flow features, especially those that are likely to be important for the transport and diffusion of chemical species.  These include flow through passes, eddies, the nocturnal jet, up-slope flows, localized downslope flows, and convergence zones.  

We will produce hourly, three-dimensional wind fields using the CALMET diagnostic wind model for the selected episode days.  We will then evaluate physical reasonableness of wind fields given the geography, overall meteorological patterns, and observed air quality. The inputs to the CALMET model will consist of 1-km surface terrain height, 1-km land use data, surface, rawinsonde, and radar profiler wind data, vertical temperature profiles, and EDAS wind fields.  The CALMET wind fields will be developed with 4-km horizontal resolution.  The vertical structure of the wind fields will be tailored to the radar profiler range gates and will have about 22 wind-field layers with the top of the domain at about 4000 m agl.  The horizontal domain will be from 40 degrees latitude north to 34.5 degrees latitude south and 124 degrees longitude west to 117 degrees longitude east, which will roughly encompass California from Point Conception north to Chico.  

Using the CALMET model wind data, we will produce 72-hr back-trajectories at three or four levels on the selected winter and non-winter episode days.  The levels will be chosen by reviewing vertical time-height cross-sections of wind data from selected radar profiler sites to determine the depth and elevation of various flow regimes, which include synoptic flows; regional flows such as the nocturnal jet, Fresno eddy, and the delta breeze; and local flows such as night time drainage and daytime upslope flows.  We will run the trajectories from three to five locations and at various times of day.  We will choose the times and locations based on the times and locations of high PM concentrations on any given day.  

3. Analysis of Model Output and Observational Data
For each episode day, we will evaluate the synoptic and regional scale meteorology by reviewing the information in Task 5.1 and create weather types for the episode days.  We will then review the trajectories associated with each weather type to determine the relationship among the transport paths, the weather types, and PM concentrations and locations.  We will group days with similar weather types and review the trajectories for each group of days to determine if the weather types and transport paths correlate.  We will review the observed meteorological features such as jets, eddies, and vertical wind shears using the wind profiler data.  We will then compare the existence, duration, and strength of these features with the calculated trajectories, weather classes, and observed PM concentrations and locations.  We will create a table that summarizes these results so they can be used to support other data analysis tasks.  In addition, we will provide descriptions of example trajectories that represent the different trajectory types for each weather type.

We will overlay back-trajectories for different levels that begin at the same time and location.  We will use these plots to determine how the various flow regimes influence the trajectory paths, time, and distance.  In doing so, we will note the transport pathways between the air basins and the potential for inter- and intra-basin transport at different levels within the maximum height of the Planetary Boundary Layer (PBL).  We will estimate the maximum height of the PBL by reviewing radar profiler reflectivity data and temperature soundings from selected sites for each episode day.  

We will review the wind fields at various levels in the atmosphere and observational wind data to determine if there are well-defined flux planes for the winter episode days, and relate the existence or non-existence of the flux planes with the weather types.  We will also determine the flux planes during non-winter PM episodes and compare those to the well-defined non-winter flux planes determined in past studies such as SJVAQS/AUSPEX.  To estimate the PM and PM precursor fluxes, we will use the volume air flux estimates combined with surface air quality data.  The CRPAQS Satellite network includes 35 to 50 sites (differing by season) measuring bsp continuously.  Therefore, we will use that data set as a surrogate for PM mass based on relationships established earlier in IMS-95 and refined by other participants in this analysis.  We will then investigate the relationship between the estimated fluxes of PM and its precursors and compare it to observed PM concentrations in the SJV.  

We will calculate horizontal advection and diffusion terms using observational meteorological data under a range of wind speed and atmospheric stability conditions at selected sites, days, and times.  The meteorological conditions will include low wind speeds and stable conditions.  We will compare the relative influence of advection and diffusion.  We will then create an index from +1 to –1 that summarizes the influence of advection and diffusion on pollutant movement, where +1 indicates advection-dominated cases, 0 indicates similar amounts of advection and diffusion, and –1 indicates diffusion dominant cases.  We will create a table that summarizes these results for the episode days.

We will then synthesize results from this analysis and integrate selected findings from past studies, including IMS-95 and SJVAQS/AUSPEX.  

2.4.3 Details of Estimating Mixing Depth

In Section 7.1.2, we proposed to estimate mixing depths to aid in the analyses, below is a discussion of the method we will use.  To determine when and where air parcels at different levels mix to the surface, we will estimate surface mixing heights on selected days at selected sites by reviewing time-height cross-sections of the radar profiler reflectivity and RASS virtual temperature profiles. 

Generally Cn2 measured by boundary layer profilers will not resolve low-level inversions associated with the top of the nocturnal boundary layer (NBL) when such inversions are less than about 200 to 300 m agl.  Consequently, we will use virtual temperature data (Tv) collected by RASS, coupled with surface Tv measurements, to identify the maximum height of the NBL where the NBL temperature inversion is observed.  The Tv of an air parcel is the temperature that dry air would have if its pressure and density were equal to those of a parcel of moist air.  At night, the mixing height is estimated at the top of the NBL where there is an inflection point in the virtual temperature profile.  At this transition point, the Tv profile changes from very stable to near neutral.  Since there are often several stratified stable layers below this inflection point, which are usually not distinguishable in the temperature data, the NBL height estimates may exceed the true surface-based mixed-layer heights.  In addition to using the RASS Tv to estimate the NBL, the RASS data can also be used to confirm the daytime Cn2 mixing height estimate, as long as the daytime mixing height is below the maximum height of the RASS Tv profile, typically about 1500 m agl.  
2.4.4 Details of Wind Field Modeling with CALMET

In Section 7.1.2, we proposed running the CALMET model to generate wind fields.  We have developed a modified CALMET/DWM modeling approach.  The approach uses mesoscale model output (or EDAS analyses as proposed here) as the initial guess wind field instead of a “domain mean wind.”  

2.5 Task 6.1 - Analysis of the Phase Distribution of PM and PM Precursors

2.5.1 Introduction and Objectives

The RFP indicated there are four central questions concerning the phase distribution of the PM and PM Precursors.  The objective of this task to answer these questions through analysis and interpretation of the CRPAQS aerometric data.  The central questions are

23. What is the distribution of PM (including chemical composition) and precursor species among phases (gas, liquid, and aerosol)?

24. What chemical and physical mechanisms contribute to the observed phase distributions?

25. How does this (phase distributions and chemical and physical mechanisms) vary in space and time?

26. How does the phase distribution (and chemical composition) vary before, during, and after fog events?

2.5.2 Technical Approach

For this task, STI will acquire all of the relevant gaseous and aerosol concentration data for the CRPAQS anchor and satellite sites, and the fogwater chemistry data where available, and the relevant surface meteorological data from the CRPAQS master database.  We will primarily use the 1-hr and 24-hr average data.  These data will be imported into a database suitable for the partitioning analyses.  The database will include the NOx emissions-related components, the NH3 emissions-related components, the SO2 emissions-related components, the organic emissions-related components, and the oxidant components ozone and (H2O2).  The measured components associated with each type of precursor emissions are defined as follows.

NOx-related:  NO, NO2, HNO3, PAN, PM2.5 NO3, PM2.5-10 NO3, and NO3 Fog 

NH3-related:  NH3, PM2.5 NH4, PM2.5-10 NH4 , and NH4 Fog

SO2-related:  SO2, PM2.5 SO4, PM2.5-10 SO4, and SO4 Fog

Organics:  light hydrocarbons, aldehydes, heavy hydrocarbons, PM2.5 OC, PM2.5-10 OC

The component concentrations will be converted to common units (e.g., (g/m3 of nitrogen, sulfur, or carbon) to facilitate comparisons.  It is recognized that the components are not available at all sites and time periods, but many are available at the anchor sites of Bakersfield, Angiola, Fresno, Sierra Nevada Foothills, Modesto, San Jose, and Bethel Island for the winter intensive; some are available for the annual program.  Generally, the gaseous data are more limited than the particle data since very few sites have SO2 analyzers or hydrocarbon/aldehyde sampling.  Most of the satellite sites lack NOx, SO2, or VOC gaseous concentration data.  Yet, many satellite sites have HNO3, PM2.5 NO3, NH3, and PM2.5 NH4.

Our technical approach will strive to use as much of the data as possible to address phase partitioning issues, recognizing that data are not uniformly available.

First, the full-phase distribution of NOx-related species will be examined at those anchor sites and time periods with sufficient data.  These will mostly be limited to the winter intensive time periods.  Since NOy data are available for more sites and times of year than NOy and HNO3, we will also examine distribution of NO, PM NO3, and the remaining oxidized nitrogen species (NOy - NO - PM NO3) to assess the seasonality of the NOx-related nitrogen species distributions.  The sulfur species and organic species distributions will be examined for a more limited set of locations. In fact, there is only one SO2 analyzer in the SJV and both the SO2 and PM SO4 levels are quite low compared to NO and PM NO3.   

Second, with the extensive network of MiniVol samplers, there are many more locations for which phase partitioning of the HNO3, NH3, and PM2.5 NH4NO3 components can be evaluated.  We will examine the ratio of aerosol nitrate to total nitrate, and the ratio of aerosol ammonium to total ammonia and the ratio of NH3 to HNO3 by season and location.  Also, the ability of the SCAPE2 thermodynamic to estimate observed partitioning will be evaluated.   

Third, there is an opportunity to examine the highly time-resolved continuous HNO3 and aerosol nitrate data from the continuous analyzers at the Angiola, Sierra Nevada Foothills, and Fresno First Street sites.  Based on our preliminary examination of the data, the Sierra Nevada Foothills site appears to have several periods with relatively high HNO3 (5 to 10 ppb).  In contrast, HNO3 levels at Angiola rarely exceed 2 ppb. These data provide the opportunity to probe for periods with chemical formation of oxidized NOx and for periods of changing gas-aerosol partitioning.  Our approach will be to focus on periods with lighter winds where transport may be a less important than local chemical formation and phase shifting.  The data will be stratified a number of ways, including day versus night, warm versus cool, moist versus dry, and low NOy versus high NOy to assess which parameters may be influencing the HNO3 production and partitioning.

Fourth, all these data will be interpreted in light of the known chemical mechanisms.  We will look for evidence of the importance of the daytime photochemical mechanism, the nighttime HNO3 mechanism, and the aqueous sulfate production mechanism.  Spatial and temporal differences in the relative importance of various mechanisms will be assessed.  The extent to which the data support or refute the mechanisms will be evaluated.  We will definitely investigate the gas-aerosol portioning of HNO3 and nitrate because the existing inorganic thermodynamic models do not explain why HNO3 co-exists with high ammonia levels during cool, moist conditions in the SJV.  We will apply the SCAPE2 model (as was done with the IMS-95 data) to assess the model’s consistency with the data.  

2.6 Task 6.2 - factors limiting the formation of 
secondary sulfates and nitrates

2.6.1 Introduction and Objectives

The RFP indicated there are three central questions related to factors limiting the formation of secondary sulfates and nitrates.  The objective of this task is to answer these questions through analysis and interpretation of the CRPAQS aerometric data.  The questions for this task are

27. Where and when do precursors (VOC, NOx, NH3, HNO3, and SO2) limit the formation of secondary sulfates and nitrates?

28. How is NOx oxidized to HNO3 under clear sky versus cloudy/foggy conditions?

29. How much ozone and precursor species are above the valleywide layer and how much gets into the mixed layer?

2.6.2 Technical Approach

We plan to focus on the factors influencing nitrate in this task because we believe the nitrate issue is much more relevant to air resource management questions in the SJV than sulfate.  While the SO4 levels will be examined in this and other tasks, the sulfur emission control decisions have already been made, and SO4 aerosol concentrations are usually less than 1 or 2 (g/m3 in the SJV.    

The database for this analysis will be the same as used for Task 6.1 with additional surface weather observations (sky cover and cloud ceiling height).  The analysis of the factors influencing nitrate will be divided in to five elements.  

First, we will conduct exploratory analysis of indicator ratios for the gas-phase chemistry.  We will examine the spatial and temporal variations in VOC/NOx ratios, VOC reactivity, NO/NO2 ratios, NO/NOy ratios, HNO3/NOy ratios, PAN/NOy ratios, and O3/(NOy-NO) ratios in order to characterize urban versus rural, fresh versus aged, cool versus warm, and winter versus summer photochemical characteristics that influence the overall rate of NOx oxidation and HNO3 formation.

Second, we will further stratify the indicator ratios by sky clearness, distinguishing clearly sky conditions from cloudy, hazy or foggy conditions as indicated by routine surface weather observations.  The influence of  variations in solar radiation intensity are likely to be evident in the NO/NOy and HNO3/NOy ratios and in the ozone concentrations.  

Third, we will specifically look for nighttime conditions with NO2 and ozone present and no NO present; these conditions are believed to be ones under which NO2 is converted to HNO3 via the nighttime mechanism.  We hypothesize that this mechanism is important aloft in the SJV, in rural areas, and in the foothills.  

Although there is no aircraft ozone or precursor data in the winter study period, we can use the Sierra Nevada Foothills site to gauge ozone and precursor levels above the valley floor.  By comparing foothill ozone and precursor levels with those of various valley sites, the differences can be quantified.  Using the windfields and mixing heights developed in Task 5.2, we can evaluate the likely amount of aloft and valley air mixing in selected cases and interpret the roles and importance of ozone and precursors aloft in the overall chemistry in the SJV.

Fifth, we will scrutinize the HNO3, NH3, NO3, NH4, Na, and SO4 aerosol data to see when and where nitrate levels are limited by HNO3 versus NH3.  The data will be stratified by temperature/RH regimes as well since these are important thermodynamically for the gas/aerosol partitioning.  Earlier data suggest nitrate is much more frequently limited by HNO3 production than NH3 emissions (Kumar et al., 1998a).    

2.7 Task 6.3:  Transport and the regional nature of 
secondary PM

2.7.1 Introduction

STI proposes to characterize the relative roles of transport and diffusion on the dispersion of PM generated from various emission sources.  For this task, we will address the following questions:

Task Question 1:
What is the relative influence of transport, diffusion, and emission source location in explaining the regional nature of secondary ammonium nitrate and sulfate under low wind-speed/stagnant conditions?

Task Question 2:
When and how do aloft NOx emissions from industrial source get entrained into the shallow mixed layer?

Task Question 3:
How do primary particles generated in urban areas arrive in non-urban areas and in other downwind urban areas under low wind-speed/stagnant conditions? 

2.7.2 Technical Approach

To answer these questions, STI proposes a series of analyses that use CALMET model wind fields, trajectories, and mixing heights that STI will create for Task 5.2; CALPUFF dispersion modeling; the CMB results that DRI proposes to complete for Task 4.1; analysis of other chemistry data at selected receptor sites; and analysis of emissions data.  Our general approach is to use the meteorological data to determine if and how primary and secondary compounds are transported and dispersed under stagnant surface conditions and then review the air quality and emissions information to determine if the air quality characteristics are consistent with the meteorological results.

In this proposal, the term diffusion refers to the mixing of material by turbulent and molecular processes, and the term transport describes the advection of material, including advection of material in different directions at different levels due to sheared flows.  Dispersion includes both diffusion and transport.

Task Question 1:  

To explain the regional nature of secondary ammonium nitrate and sulfate, we intend to focus primarily on the meteorological mechanism(s) that may account for the dispersal of NOx and SO2 while accounting for the influence of the spatial variability of ammonia, NOx, and SO2 emissions.  We will address the regional nature of secondary ammonium nitrates and sulfates under low wind-speed/stagnant conditions by performing the following tasks: 

Review ammonia, NOx, and SO2 emissions data and confirm the regional or sub-regional nature of these emissions (based on spatial variability).

Use wind field, trajectory, and diffusion results from Task 5.2 to evaluate the amount of dispersion on stagnant stable winter episode days at various levels within the PBL.  To do this we will subjectively review the results from Task 5.2 and complete dispersion estimates using CALMET and CALPUFF.

Create spatial plots of dispersion as indicated by tracers released in the model from various urban sources for selected episode days.  We will then use the mixing height analyses from Task 5.2, and perform additional mixing height analyses if needed, to determine the relationship among transport at various altitudes, mixing, and the dispersion of urban material throughout the SJV.  

Validate the dispersion results by comparing the air quality data (secondary ammonium nitrate and sulfate observations) monitored at rural and urban sites to the dispersion estimates.   

Task Question 2:

During CRPAQS, there were no parameters measured that would allow differentiation of elevated point source NOx emissions from mobile source NOx emissions.  Therefore, to determine if and how aloft NOx emissions from industrial sources get entrained into the shallow mixed layer, we will rely only on emissions, meteorological, and model data.  In particular, we will 

· Obtain NOx emissions data from major elevated point sources in central California.  We will then calculate the effective stack heights at various times of day for these point sources for up to 10 selected days.

· Calculate forward trajectories using the CALMET wind fields from Task 5.2 to determine when these stack emissions might impact sites in the SJV.

· Use the mixing height data estimated in Task 5.2 to determine when these aloft emissions can mix into the shallow surface layer.

· Use the CALPUFF model and the CALMET wind fields from Task 5.2 to perform three‑dimensional dispersion model runs from the selected point sources.

· Compare the CALPUFF results to the trajectory and mixing height results to check the consistency between the methods.

Task Question 3:

We will evaluate the extent to which primary particles generated in urban areas arrive in both non-urban and other urban areas under low wind-speed/stagnant conditions by reviewing meteorological data, potential transport paths, CMB results, and observed air quality data at the rural sites.  The meteorological data will include profiler winds, CALMET model wind fields, trajectories, and mixing heights.  The observed air quality data will include EC, NO, and NOy data.  We will use CMB results from Task 4.1 to support the results from the analysis of the EC and NO/NOy.  We assume that CMB analysis will be performed at all stations with elemental data (from the XRF), which will include rural anchor sites such as Angiola, Bethal Island, and Sierra Nevada, and several other rural satellite sites.  

Given the above information, we will evaluate the extent to which primary particles generated in urban areas arrive in non-urban and urban areas under low wind-speed/stagnant conditions by performing the following tasks:

Calculate forward-trajectories and back-trajectories from urban sites and back-trajectories from selected rural sites where EC and NO/NOy data and/or CMB information exists.  The trajectories will be calculated using the CALMET wind fields from Task 5.2.  The trajectories will be calculated at multiple altitudes within the PBL for up to 10 selected episode days.  We will use this information to determine if there is transport from urban-to-urban and urban-to-rural areas on these days.

Determine if and when air parcels at different levels can mix to the surface along these trajectory paths by reviewing the mixing height data estimated in Task 5.2.

Review the CMB results and the EC and NO/NOy data collected at rural areas on selected episode days to estimate how much primary pollutant is transported from urban to rural areas.

Compare the results from the meteorological analysis, EC and NO/NOy analyses, and CMB analysis to determine whether the results from all these analyses are consistent.  We will also identify potential causes of inconsistent results.
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