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One limitation of the use of observation-based estimates or “profiles” to calculate the air quality benefits of emission control scenarios is the limited coverage provided by existing monitoring networks.  Interpolation methods provide a means of estimating ambient concentrations for areas with no monitors.  However, these methods can significantly add to the uncertainty of the estimated concentrations when the unmonitored location is some distance away from existing monitors.  Interpolation methods are also less likely to accommodate any local influences on the ambient concentrations.  Cluster methods rely on the use of observed concentration data to define subregions with similar concentration characteristics.  Such methods may be dependent on the years and number of years of data used for the analysis an may not adequately distinguish variability within subregions nor account for similarities across subregional boundaries (i.e., it is possible for two areas to have quite similar ambient concentrations but lie on either side of a boundary).
As an alternative to the methods previously described, a methodology based on similarities in the local geographical and land-use characteristics of monitored and unmonitored areas was developed for the Section 812 prospective analysis.  This method (called “homology mapping”) assigns data from an existing monitor (called a homologue monitor) to an unmonitored county.  The selected monitor possesses the best match of local geographical factors believed to influence ambient concentrations.  Such factors include the proximity and size of nearby cities, distance to nearest body of water, land use characteristics, and latitude.  For each area and monitor these and other factors were combined to form a geographical information system or “GIS” vector.  Meteorological factors were not included as part of the mapping technique, since these would need to be interpolated for many of the unmonitored areas of interest using observed meteorological data.
Use of the homology mapping technique was tested for use with both ozone and PM as part of the Section 812 modeling analysis.  Four major tasks comprised the application of the homology mapping technique:
· Identification of monitors with complete data

· Identification of counties requiring homologue monitors

· Creation of GIS vectors

· Assignment of actual (homologue) monitors to the unmonitored counties

PRIVATE 
Identification of Monitors with Complete Datatc  \l 2 "
Identification of Monitors with Complete Data"
Selection of monitors to be used in the homology technique was limited to those monitors with “complete” data.  For the ozone data, a monitor record was considered to be complete if data were available for 50 percent of days in a given season (May-September).  Each of these days in turn had to have at least 12 hourly observations.  Although somewhat arbitrary, the 50 percent completeness requirement was selected to prevent the assignment of monitors with incomplete data to counties with no monitors.  There were 842 ozone monitors with complete data.
For particulate data, a monitor record was considered to be complete if data were available for 50 percent of the 24-hour observations for a given year (assuming a one-in-six day monitoring schedule).  Although three years worth of data were actually used for the PM analysis, these data were considered to represent one year with respect to the completeness requirement.  There were 2048 PM monitors with complete data.
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Identification of Counties Requiring Homology Monitors"

The creation of a list of counties to be assigned homologue monitors started from a list of all counties in the lower 48 states.  Using specific criteria, counties were removed from this list. The remaining counties comprised the set of counties requiring assignment of a homologue monitor.  Basically two criteria were used in the removal of counties from the list of counties requiring homologue monitor assignment.  The first and most obvious step was the removal of counties containing one or more monitors with complete data.  Counties with centroids within 50 km of a monitor with complete data were then removed.  Given their proximity to one or more existing monitors, ambient concentrations for these counties would be determined though interpolation with data from existing monitors.
For ozone, there were 489 counties with at least one ozone monitor with complete data.  Using the set of complete ozone monitors, 777 counties were removed because the county centroid was located within 50 km of one or more monitors.  After application of these two criteria, the remaining counties represent the set of counties to which a homologue monitor was assigned.  For ozone, 1845 counties were assigned a homologue monitor.
For particulate matter, 829 counties had at least one monitor with complete data.  Using the set of complete PM monitors, 1133 counties were removed because the county centroid lay within 50 km of one or more monitors.  After application of these two criteria, the remaining counties represent the set of counties to which a homologue monitor was assigned.  For PM, 1149 counties were assigned a homologue monitor.
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Creation of GIS Vectors
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Creation of GIS Vectors"

A GIS vector was constructed for each of the monitors with complete data and for each of the counties requiring a homologue monitor.  The components for each of these vectors were selected to represent those geographical factors that are expected to influence ambient ozone concentrations.  The list of components is given in Table 1.  It should be noted that no comprehensive study has been performed to validate this list of components given the time and financial limitations of the current work assignment.  It is hoped that more study may be devoted to this area in the future.
Table 1.  GIS vector components used for homology mapping.
PRIVATE 

Vector Components
Description
Number of

Components

Population-Distance

Westward

Population-Distance

Land Use

Latitude

Elevation

H2O-Distance
Number of n-decile population centers within 50,

100, and 200 km

Number of n-decile population centers within 50,

100, and 200 km and lying to the west

Percent of  area devoted to different land-use categories

Latitude of monitor or county centroid (DD.dddd)

Elevation of monitor or county centroid (msl)

Distance to nearest body of water
27

27

11

1

1

1

The vector components were designed to capture the basic geophysical features that can be used as surrogates for the physical and chemical processes that govern the formation, transport, and deposition of ozone, and result in geographical differences in ozone concentration.  The design and construction of the vectors is described in the following paragraphs.
The population-distance vector component was designed to capture the influence of neighboring population centers upon the ambient concentrations of ozone.  Both the size and proximity of these population centers have the potential to influence ambient concentrations.  Larger population centers will generally produce more precursor pollutants to ozone formation.  Due to the limiting effects of pollutant transport and diffusion, the proximity to such population centers is a primary consideration.  To accommodate the prevailing westerly wind directions, westward population distance was also considered.
The population-distance and the westward population-distance components were constructed by first compiling a list of 23,655 cities, towns, military bases, etc. and dividing these into deciles, based on population.  Population estimates were based on 1990 U.S. Census data.  Those places with populations greater than the first decile were retained and counted if they were within 50, 100, or 200 km of a monitor or county centroid.  In this manner, 27 components of the population-distance sub-vector were constructed.  For the westward population-distance component, only those places lying to the west of the monitor or county centroid were counted.  The directional determination was based on longitude and therefore includes the southwest, west, and northwest directions.
The land-use vector component provides information related to processes that influence both the production and the deposition of ozone.  Land use influences (or in some cases is influenced by) the amount and density of anthropogenic and biogenic emissions.  Deposition velocities (which determine the rate at which ozone and precursor pollutants are taken out of the atmosphere through deposition onto the surface) are also land-use dependent.  For example, deposition of ozone is much more rapid over forested areas than water surfaces.
The land-use components were estimated using gridded U.S. Geological Survey (USGS) land-use data, as processed for use in the regional-scale (coarse-grid) air quality modeling (approximately 56 km horizontal resolution).  Eleven components describe the percentage of area that is urban, agricultural, range, deciduous forest, coniferous forest (including wetlands), mixed forest, water, barren land, non-forest wetlands, mixed agricultural and range, and rocky (low shrubs).

The latitude component is simply the latitude of the monitor location or county centroid.  Similarly elevation is elevation above sea level.  The H2O-distance component (i.e., distance to nearest body of water) was calculated using the gridded land-use data mentioned above.  It is the distance from the monitor or county centroid to the nearest 56 km resolution grid cell that is comprised of 75 percent or more water.  Proximity to water will influence the temperature and horizontal and vertical dispersion characteristics of an area.
The latitude and elevation vector components are surrogates for both photolysis rate and temperature, important determinants of ozone production and precursor emission rates.

PRIVATE 
Assignment of Actual (Homologue) Monitors to Unmonitored Countiestc  \l 2 "
Assignment of Actual (Homology) Monitors to Unmonitored Counties"
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A GIS vector was prepared for each of the monitors with complete data and each of the counties requiring the assignment of a homologue monitor.  Before a monitor was assigned to a county based on the similarity of their vectors, the individual components of the vectors were standardized based upon the mean and standard deviation for the components of the monitor GIS vectors.
Xi
- Standardized value for vector component i

Ni
- Number of components in sub-vector group for component i
xi
- Actual value for vector component i

meani
- Mean of vector component i for monitor GIS vectors only

stdi
- Standard Deviation of vector component i for monitor GIS vectors only

In essence, a z-score was calculated for each of the individual components of the GIS vectors. Each standardized component for the monitor GIS vectors now had a mean of zero and a standard deviation of one.  The components for the county GIS vectors were standardized using the mean and standard deviation of the monitor GIS components.  The value for each of the standardized components was then divided by the number of components for the corresponding vector component.  This entire procedure was necessary because of the differing units and scales of the components.  Without standardization, certain components would have had more weight than others.  In this case, the population-distance and the westward population-distance sub-vectors would have had almost completely obscured any contribution from the other sub-vectors due to both the magnitude and number of components.
Once the vectors for both the monitor and county GIS vectors were standardized, counties were paired with suitable monitors that minimized the Euclidean distances between them.  That is, a county-monitor pairing was initially selected if the Euclidean distance between their two GIS vectors was minimized.  The Euclidean distance is defined as follows:
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{Xcounty,i}
- Standardized GIS vector for a given county

{Xmonitor,i}
- Standardized GIS vector for a given monitor

This method for associating a suitable monitor with a county minimizes the Euclidean distance between the GIS vectors, not the physical distance between the monitor and county centroid.  As some concerns were raised regarding the validity of pairings greater than 2000 km, an additional step was implemented.  For those counties that were paired with a monitor at or more than 2000 km away, the second best monitor that minimized the Euclidean distance was identified.  If this also was 2000 or more km distant, the third best monitor was identified.  From the best, second, and third best possible pairings, the county-monitor pairing that minimized the physical separation was selected.  Forty-three (out of 1845 possible county-monitor) ozone county-monitor pairings had a physical separation greater than 2000 km.  Using either the second or third best pairing reduced this number to five.  For the PM county-monitor pairings, 15 had a physical separation at or greater than 2000 km.  This number was reduced to two with the inclusion of either the second or third best pairing.

Once suitable county-monitor pairings were identified, the observed ozone data for the monitor were copied to a hypothetical monitor located at the county centroid.  This hypothetical monitor, called a pseudo-site, was then used to represent the county’s ambient ozone concentration for 1990.
Preliminary Testing and Results

Preliminary testing of the homology mapping technique included (1) removal of actual monitoring sites from the ozone and PM datasets, (2) assignment of a homologue site to these locations, and (3) comparison of annual average data for the actual and homologue sites.  This test was performed for a limited number of monitoring sites, selected to represent urban and rural areas in both the eastern and western portions of the country.  Four sites were selected for each comparison.  For ozone, the average magnitude and diurnal profiles were well represented and the technique was clearly able to distinguish between urban and rural characteristics (including timing of the maximum ozone values in each of the areas).  The results are provided in the Figures 1 and 2.  In Figure 1, the hourly seasonal mean concentrations for the May-September period for the omitted (actual) and homologue (predicted) sites are compared.  In Figure 2, the distribution of concentrations is compared.

For PM, the seasonal average concentrations for the actual and homologue sites are compared in Figure 3.  With a few exceptions, the median values are generally well represented (Figure 3a); for the 95th percentile values (Figure 3b) the comparison is more varied.  In both cases, the seasonal variations in the average concentrations are represented.
The homology mapping technique was applied for the 2000 and 2010 pre- and post-CAAA90 scenarios.  These results are currently undergoing review and evaluation.

Future plans for testing include applying the technique for temperature data.  This will enable examination of whether the geographical characteristics included in the GIS vector provide an appropriate surrogate for temperature (a potentially important meteorological parameter for ozone formation).
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