


the higher order direct decoupled method (HDDM) - an approach that generates modeled 

sensitivities of ozone to emissions changes - to estimate ozone concentrations that would occur 

with the achievement of a 0.075 ppm ozone standard in multiple urban areas.   

 

Based on the analysis presented here, we believe that there are clear benefits for using the 

model-based adjustments for the second draft REA.  For example, the HDDM model-based 

adjustment approach, unlike quadratic rollback, allows us to predict temporally- and spatially-

varying response within an urban area to emissions changes and allows us to account for the 

sensitivity of air quality changes to NOx versus VOC emissions reductions. For example, 

model-based adjustments account for ozone increases with NOx reductions which may occur at 

times and locations where NOx to VOC ratios are high and total ozone concentrations are low.  

This approach also directly accounts for physical and chemical processes that lead to ozone 

formation and transport and includes natural and anthropogenic sources of ozone precursors 

from sources both within and outside of the U.S. Consequently, it is more straightforward to 

isolate the ozone response to U.S. emission reductions, eliminating the need to artificially 

specify a floor for air quality changes as is required in the quadratic rollback method.   

Compared to quadratic rollback, the capabilities of the HDDM model-based adjustment 

approach build confidence that the results drawn from this type of analysis allow us to more 

realistically represent the response in hourly ozone concentrations to reductions in emissions for 

a scenario of just meeting the current and alternative standard levels. Further analyses will be 

conducted to better understand the effect of using the HDDM model-based adjustment approach 

on the results of the risk and exposure assessment. 
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1. MOTIVATION FOR A NEW TECHNIQUE TO SIMULATE OZONE 
CONCENTRATIONS UNDER ALTERNATIVE STANDARDS 

As part of the reviews of the National Ambient Air Quality Standards (NAAQS) for 

ozone, EPA estimates health risks after ozone has been adjusted to just meet the current 

standard and alternative standards.  The first draft documents for this review rely upon the 

quadratic rollback method used in previous reviews to adjust or “roll back” hourly ozone 

concentrations in urban areas. Although the quadratic rollback method simulates historical 

patterns of air quality changes better than some alternative methods (e.g. simply shaving peak 

concentrations off at the NAAQS level), its implementation requires some assumptions that 

may not always hold true.  First, the quadratic rollback method requires that all monitors in an 

urban area exhibit the same response to emissions changes not allowing for temporally varying 

response depending on time of day.  In addition, it assumes that ozone concentrations never 

increase in response to emissions reductions.  However, during NOx-saturated (VOC limited) 

conditions, NOx reductions can result in ozone increases (Seinfeld and Pandis, 1998). Finally, 

since the quadratic rollback method is purely a mathematical technique and does not account 

for physical and chemical atmospheric processes or the sources of emissions precursors that 

lead to ozone formation, a backstop or “floor” must be used to ensure that predicted ozone is 

not reduced below “background” concentrations1.   

EPA has received comments during past ozone NAAQS reviews and during the January 

9-10, 2012 Clean Air Scientific Advisory Committee (CASAC) meeting for this ozone NAAQS 

review which encourage the use of alternate methods to quadratic rollback.  In addition, the 

National Research Council of the National Academies (NRC, 2008) recommended that EPA 

explore how emissions reductions might effect temporal and spatial variations in O3 

concentrations, and to include information on how NOx versus VOC control strategies might 

affect risk and exposure to O3. 

Photochemical modeling can simulate the ozone response to emission reductions while 

avoiding the limitations presented by the quadratic rollback method.  While there are 

uncertainties inherent in any modeling exercise due to uncertainties in inputs and model 

parameters, the improved characterization of the spatial and temporal responses of ozone to the 

                                                 
1 Background ozone has been characterized in previous reviews of the ozone NAAQS as “policy relevant 

background” or PRB, defined as ozone concentrations that would exist in the absence of North American 
anthropogenic emissions.  In the current review, we have refined the concept of background ozone to recognize 
that there are several possible definitions of background ozone, reflecting both the geographic source of emissions, 
e.g. U.S., North American, Global non-U.S., and whether emissions are anthropogenic or natural in origin.  In the 
cases described in this document, “background” refers to ozone that would exist in absence of U.S. anthropogenic 
emissions. 
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reductions in emissions that would be needed to just meet the standards justify these additional 

uncertainties.  In this document we present a model-based ozone adjustment approach.  This 

analysis uses the CMAQ photochemical model instrumented with the higher order direct 

decoupled method (HDDM) - an approach that generates modeled sensitivities of ozone to 

emissions changes - to estimate ozone concentrations that would occur with the achievement of 

a 0.075 ppm ozone standard in multiple urban areas.  This modeling incorporates all known 

emissions, including emissions from non-anthropogenic sources and anthropogenic emissions 

from sources in and outside of the U.S.  As a result, the need to specify values for U.S. 

background concentrations is not necessary, as it is incorporated in the modeling directly.  

Because the simulations focus on reductions in U.S. anthropogenic emissions while holding 

constant those emissions that influence U.S. background, all changes in ozone will be relative 

to U.S. background.  This does not mean that the background ozone concentrations will be 

constant between recent ambient ozone conditions and after just meeting the current standards, 

because of nonlinearities in the formation of ozone.   In simulations of just meeting the 

standards used to inform the exposure and risk assessment, HDDM sensitivities can be applied 

relative to ambient measurements of O3 to estimate how ozone concentrations would respond to 

changes in anthropogenic emissions within the U.S. We propose to use this methodology to 

simulate ozone concentrations meeting the current and alternative standards in the 2nd drafts of 

the risk and exposure assessments and the 2nd draft policy assessment. 

 

2. HIGHER ORDER DECOUPLED DIRECT METHOD (HDDM)  

Chemical transport models, such as the Community Multiscale Air Quality Model 

(CMAQ) (www.cmaq-model.org), calculate the effects of physical and chemical processes in 

the atmosphere to predict 3-D gridded pollutant concentrations (Foley et al, 2011, Appel et al, 

2008, Appel et al, 2007, Byun and Schere, 2006).  These models account for the impacts of 

emissions, transport, chemistry, and deposition on spatially and temporally varying pollutant 

concentrations.  Required model inputs include time-varying emissions and meteorology fields, 

time varying concentrations of pollutants at the boundaries of the model domain (i.e. boundary 

conditions), and a characterization of the 3-D field of chemical concentrations to initialize the 

model (i.e. initial conditions).  A simplified version of the atmospheric diffusion equation 

solved by such models is given in Equation (1) (Cohan and Napelenok, 2011): 

 

     Equation (1) 
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In this equation (which is defined to vary in both space and time), Ci represents the atmospheric 

concentration field of compound i, u gives the wind field, K represents the turbulent diffusivity 

tensor, Ri is a represents the net rate of chemical production (which encompasses gas, aqueous, 

and particle reactions), Ei represents the emissions rate, and the ellipsis shows that other 

processes are also accounted for in the model (such as deposition, particle coagulation, and 

partitioning of semivolatile species between gas and particle phases).  Solving Equation (1) is 

complicated by the fact that these models include many chemical species whose concentrations 

are interconnected through the Ri and partitioning terms.   

Chemical transport models include sources outside of US control which are often termed 

“background” and explicitly account for transport of pollutants from outside the model domain 

and emission of pollution precursors from natural and anthropogenic sources within the model 

domain. Beyond modeling the current concentrations of ambient ozone, chemical transport 

models can be used to estimate the response of ambient ozone concentrations to changes in 

emissions.   

One technique to model this response, the brute force method, requires the modeler to 

explicitly model this response by directly altering the emissions inputs in the model simulation. 

This technique provides an accurate estimate of the ozone concentration at the altered emission 

level, but often does not provide accurate information regarding the response of ozone to other 

levels of emissions since the chemistry for ozone formation is nonlinear.  Therefore, when 

using only brute force techniques a new model simulation would need to be performed for 

every emissions scenario in question.   

Other analytical techniques have been developed to estimate the ozone response to 

emissions perturbations without rerunning the entire simulation.  One such method is termed 

the decoupled direct method (DDM) (Dunker 1984). DDM, solves for sensitivity coefficients 

which are defined as the partial derivative of the atmospheric diffusion equations that underly 

the model calculations, Equations (2) and (3). 

 

        Equation (2) 

 

     Equation (3) 

 

Here, sij(t), the sensitivity, gives the change in model concentration, Ci, (for instance ozone 

concentration) with an incremental change in any input parameter, pj (in this case emissions).  

Equation (3) allows us to normalize the sensitivity coefficient, Sij(t), so that it shows response in 

relative terms for the input rather than in absolute units.  Therefore,  (x,t) is the normalized 
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input and εj is a scaling variable (Yang et al, 1997).  In general terms, the sensitivity coefficient 

tells us how a model output (ozone concentration) will change if a model input (emissions of 

NOx or VOC) is perturbed.  This first order sensitivity coefficient, Sij(t) is quite accurate for 

small perturbations, but gives a linear response which is not accurate for large perturbations in 

very nonlinear relationships.  Second (and third) order derivatives can be taken to give higher 

order sensitivity coefficients (Hakami et al, 2003).  Higher order sensitivity coefficients give the 

curvature and inflection points for the response curve and can capture the nonlinearities in the 

response of ozone to emissions changes.  Using higher order DDM (HDDM) allows for the 

sensitivities to be accurately applied over larger emissions perturbations.  Hakami et al. (2003) 

report that for an application in California, HDDM gave good approximations of ozone changes 

for perturbations of emissions up to 50% using the first three terms of the Taylor series 

expansion, Equation (4). 

 

∆ ∆
∆

 …
∆

!
   Equation (4) 

 

Here ∆  represents the relative change in emissions (for instance ∆  = -0.2 would be equivalent 

to reducing emissions by 20%), Sn(0) is the n-th order sensitivity coefficient, C(0) is the 

concentration under baseline conditions (no perturbation in emissions) and Rn+1 is a remainder 

term. 

2.1 CAPABILITIES 

DDM and HDDM have been implemented into several chemical transport models for 

both ozone and particulate matter (PM) predictions (Dunker, 1984; Yang et al, 1997; Hakami et 

al, 2003; Cohan et al, 2005; Napelenok et al, 2006; Koo et al., 2010; Zhang et al, 2012).  These 

implementations allow the modeler to define the parameters for which sensitivities will be 

calculated.  For instance, the sensitivity can be calculated for emissions from a specific source 

type, for emissions in a specific geographic region, and for emissions of a single ozone 

precursor or for multiple ozone precursors.  In addition, sensitivities can be calculated to 

boundary conditions, initial conditions, and various other model inputs.  Sensitivities to 

different sets of parameters can be calculated in a single model simulation but computation time 

increases as the number of sensitivities increases.  Outputs from an HDDM simulation consist 

of time varying 3-D fields of first and second order sensitivities. 

For the purposes of the ozone NAAQS analysis, HDDM has the potential to provide an 

improved approach compared to current quadratic rollback techniques for several reasons.  

First, it captures non-linearity of ozone response to emissions changes, representing both 

increases and decreases in ozone concentrations resulting from emissions reductions.  Second, 
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HDDM characterizes different ozone response at different locations (downtown urban versus 

downwind suburban) and at different times of day to emissions reductions allowing us to 

incorporate temporal and spatial variations in response into the ozone adjustment methodology.  

Finally, HDDM eliminates the need to use “background” ozone as a floor for rollback since 

predicted sensitivities are based on model formulations that explicitly account for background 

sources. 

2.2 LIMITATIONS 

In addition to the many potential benefits of using HDDM to understand ozone response 

to emissions changes, there are several limitations.  First, HDDM encompasses all of the 

uncertainties of the base model formulation and inputs.  So uncertainties in how the physical 

and chemical processes are treated in the model and in the model inputs propagate to the 

HDDM results.  Also, HDDM can capture response to larger emissions perturbations than 

DDM but it is still most accurate for small perturbations.  The larger the relative change in 

emissions, the less likely that the HDDM sensitivities will be capturing the change in ozone that 

would be predicted by a brute force model simulation.  Several studies have reported reasonable 

performance of HDDM for ozone up to 50% emissions perturbations (Hakami et al, 2003; 

Cohan et al., 2005; Hakami et al, 2004), but the magnitude of perturbation over which HDDM 

will give accurate estimates will depend on the specific modeling episode, size of the model 

domain, emissions and meteorological inputs, and the size of the emissions source to which the 

sensitivity is being calculated.  In this work, we applied sensitivities from simulations done 

under varying NOx levels (see Section 3.2.3) and found that using this technique we were able 

to replicate brute force estimates using HDDM sensitivities for up to 75% NOx or VOC 

reductions with a normalized mean bias of less than 10% and a normalized mean error of less 

than 15%.  

 

3. USING HDDM/CMAQ FOR SIMULATIONS OF JUST MEETING 
ALTERNATIVE STANDARDS: METHODOLOGY 

3.1 CONCEPTUAL FRAMEWORK 

This section outlines the methodology applied to use CMAQ/HDDM to estimate hourly 

ozone concentrations that might result from meeting the current and possible new ozone 

NAAQS.  Note that model results are not used in an absolute sense, but instead are applied to 

ambient measurements, thus tying predicted ozone distributions more directly to measured 
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values.  The basic steps are outlined below and in Figure 1.  Details are given in section 3.2 and 

Appendix A. 

• Step 1:  Run CMAQ simulation with HDDM to determine hourly ozone sensitivities to 

NOx emissions and VOC emissions for the grid cells containing monitoring sites in an 

urban area.  

• Step 2: For each monitoring site, group days by predicted daily 8-hr max ozone and 

predicted high versus low nighttime ozone.  Calculate average diurnal profiles for 

sensitivities in each group. 

• Step 3: For each monitoring site, assign one of the diurnal sensitivity profiles calculated 

in Step 2 to each day in the period 2006 through 20082 based on measured 8-hr max 

ozone and measured nighttime ozone. 

• Step 4: Adjust measured hourly ozone concentrations for incrementally increasing 

levels of emissions reductions using assigned sensitivities and then recalculate design 

values until all monitors in an urban area are in attainment of current and proposed 

alternative levels of the standard. 

 

 

Figure 1: Flow diagram demonstrating DDM model-based ozone adjustment approach 

                                                 
2 The first draft of the Health Risk and Exposure Assessment for the 2013 ozone NAAQS review (US 

EPA, 2012) estimated the health impacts of meeting various levels of the NAAQS for two three-year periods: 
2006-2008 and 2008-2010.  In this analysis we focus on the first of these three-year periods. 
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3.2 APPLICATION TO CASE STUDIES IN ATLANTA AND DETROIT 

In this case study, we illustrate the model-based adjustment approach for attainment of 

the 75 ppb NAAQS.  The analysis covers two cities (Atlanta and Detroit) using modeling for 

July and August 2005 and ambient data for the years 2006-2008.  Atlanta and Detroit were 

chosen for this analysis because they are both cities included in exposure analysis and because 

they represent different chemical ozone formation regimes3.  These case studies were selected 

as a proof-of-concept for the application of the HDDM model-based ozone adjustment 

approach.  In addition, these case studies have helped us identify a number of challenges and 

the benefits of this type of approach.  

3.2.1 Binning of HDDM sensitivities 

When running CMAQ with HDDM additional inputs are required to designate model 

inputs for calculating sensitivities.  In this analysis, HDDM was set up to calculate the 

sensitivity of ozone concentrations to domainwide (within the 12km Eastern domain – see 

Figure 16) anthropogenic NOx and VOC emissions.  US anthropogenic emissions were defined 

as all emissions in the following sectors: nonpt, nonroad, onroad, alm_no_c3, ptipm, ptnonipm, 

and seca_C3 (see Table 5) and accounted for 17,595,000 of the total domainwide 20,729,000 

tons per year of NOx emissions.  Sensitivities were not determined for biogenic, fire, Canadian, 

or Mexican emissions.  In addition, sensitivities were not calculated for any emissions 

originating from outside the domain (i.e. entering through the use of boundary concentrations). 

First and second order hourly ozone sensitivities to VOC and NOx were extracted from 

the HDDM simulation for model grid cells that contained one of ten ozone monitors near 

Atlanta, GA and one of eight ozone monitors near Detroit, MI.  Maps of the Atlanta and Detroit 

area ozone monitor locations are shown in Figure 2 and Figure 3.  The 18 monitors within these 

two areas are being used for this analysis because data availability was such that design values 

could be calculated for the years 2006-2008.  Note that sites131210055 and 130890002 in 

Atlanta are contained in the same model grid cell and therefore are modeled as having the same 

sensitivities to NOx and VOC emissions. 

                                                 
3 Different sources of VOC and NOx in the Midwest and Southeastern US lead to different VOC/NOx 

ratios, ozone formation chemistry, and sensitivity to emissions changes in these two regions.  Generally the large 
sources of biogenic VOC emissions in the Southeastern US have a large regional impact of ozone formation.  
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Figure 2: Map of ozone monitors in the Atlanta area used for this analysis 
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Figure 3: Map of ozone monitors in the Detroit area used for this analysis 

 

Extracted data included modeled sensitivities at monitor locations for all hours in July 

and August 2005.  These sensitivities cannot be applied directly to observed values for two 

reasons 1) high modeled ozone days/hours do not always occur concurrently with high 

observed ozone days/hours and 2) the modeling time period covers July and August 2005 but 

the time period we are analyzing in this proof-of-concept analysis is 2006-2008.  As to the first 

point, photochemical models are generally used in a relative sense for purposes of projecting 

design values to assess attainment with the NAAQS standard.  In this manner, model 

predictions are “anchored” to measured ambient values.  This is generally not done on a day-

specific basis, but instead average response on high modeled days is used for this purpose.  This 

allows for more confidence in calculated results when “less than ideal model performance 

[occurs] on individual days” (US EPA, 2007).  Similarly, for this analysis we believe it is 

appropriate to account for the fact the model does not always perfectly agree with 
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measurements and that sensitivities from a low-ozone modeled day would not be appropriate to 

apply to a high-ozone measured day (and vice-versa) even if they occur on the same calendar 

day.  For the second point, due to current resource and time constraints we were only able to 

model two months in 2005 for the purposes of developing and testing the methodology.  

However, the ozone exposure analysis evaluates the effects of ozone decreases for two 3-year 

periods in 2006-2008 and 2008-2010.  The analysis presented in this section only examines 

2006-2008 ambient data, but this is still outside the modeled time period.  For both of these 

reasons, a method was developed to generalize the modeled hour-specific sensitivities so that 

they could be applied to ambient data. 

For each grid cell containing a monitor, each modeled day was classified based on its 

CMAQ-simulated daily 8-hr maximum ozone concentration.  Five classifications were 

developed for days with 8-hr daily maximum ozone concentrations < 45 ppb, 45-55 ppb, 55-65 

ppb, 65-75 ppb, and 75 ppb: each bin includes values at the lower limit but not at the upper 

limit (i.e. for the 44-55 bin, days are included that are  45 and < 55).  The rational for this 

binning system is that the response of ozone to emissions reductions will be greater when ozone 

concentrations themselves are higher (see Figure 4).  From these groupings, five average 

diurnal sensitivity profiles were created for each monitor location and for each sensitivity type 

(first order NOx, second order NOx, first order VOC, and second order VOC).  These average 

sensitivities were calculated by taking the median sensitivity of all modeled sensitivities at a 

particular hour for the group of days falling within a bin (i.e. the median for all 8 am hours on 

days < 45 ppb would be used as a “typical” 8 am response for this lowest bin, the median for all 

9 am hours on those days would be used as a “typical” 9 am response, etc.).  Days were defined 

as running from 6 am to 5 am so that the 1 am – 5 am sensitivities were binned based on the 

previous day’s 8-hr maximum ozone concentration. 

The median values described above are meant to capture the “typical” response at each 

site based on 8-hr maximum ozone.  However, there is variation among the sensitivities from 

the days that comprise each binned group, especially during nighttime hours.  In general, nights 

with higher ozone concentrations within each bin are also more responsive to emissions 

reductions.  Consequently, nighttime hours within each bin are further classified by “high” 

versus “low” nighttime ozone.  For the purposes of this analysis, nights with at least one hourly 

ozone concentration above 50 ppb (between 7 pm and 5 am) are classified as high ozone nights.  

Sensitivities for nighttime hours (7 pm to 5 am) use median values from only “high” or “low” 

ozone nights within the original bin, while sensitivities for daytime hours (6 am to 6 pm) use 

median values from all days in the original bin.  For bins and sites that contain only “high” or 

only “low” nights, sensitivities for nighttime values are also calculated as the median from all 

nighttime hours in the original bin.   
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Figure 4a presents the diurnal profiles for site 13121005 in downtown Atlanta on high 

ozone nights and shows the calculated change in ozone for each bin that would occur with a 

30% decrease in NOx emissions (using both the first and second order sensitivity terms). Figure 

4b shows the same information as Figure 4a but for low ozone nights.  Several features are 

evident in these plots.  First, as described above, there is more ozone response (larger decrease 

in predicted ozone concentration) on days with higher 8-hr maximum ozone values.  Second, 

while the model predicts ozone decreases during daytime hours, there are clear disbenefits 

(ozone increases) during morning and evening rush hour times (although the degree of this 

disbenefit and the length of time it lasts depend on the ozone bin).  For this site, the days in the 

highest and lowest 8-hr maximum ozone bins also have higher peak ozone increases during 

morning and evening hours than is seen on mid-range ozone days.  Also, for site 131210055 

there were no high ozone nights in the <45, 45-55, and 55-65 ppb bins so the nighttime 

responses in Figure 4a and Figure 4b are the same for those bins. As explained above, the high 

ozone nights (Figure 4a) show smaller disbenefits and/or larger ozone decreases than low ozone 

nights (Figure 4b) between 7 pm and 5 am.  This behavior varies by site.  VOC response is 

similar in that high ozone bins generally have more response.  However, no disbenefits occur in 

the VOC sensitivities.  Figures shown here are for one site and only for response to NOx 

emissions changes.  Figures for all other Atlanta sites (NOx sensitivities only) and all Detroit 

sites (NOx and VOC sensitivities) are shown in Section Appendix B of this document.  

 

Figure 4: Predicted change in ozone concentrations (ppb) at Atlanta site 131210055 with a 
30% decrease in US anthropogenic NOx emissions in the Eastern US domain based 
on bins created for high ozone nights (left) and on bins created for low ozone nights 
(right).  Hours 25-29 represent 1 am – 5 am the following morning. 
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3.2.2 Application of binned sensitivities to ambient data 

To apply the binned sensitivity profiles to ambient data, each day from each monitor for 

2006-2008 was grouped by measured 8-hr maximum ozone and high versus low nighttime 

ozone.  The binning criteria were identical to that used for creating the average diurnal 

sensitivity profiles except that ambient ozone values were used in place of modeled ozone 

values.  Each day at each monitor was then assigned to an average diurnal sensitivity profile 

from the appropriate bin.  Note that if no measurements were taken for a particular day or if not 

enough hourly ozone concentrations were measured to calculate a valid maximum daily 8-hr 

ozone concentration then no sensitivity profile was assigned (for 1 am – 5 am the 8-hr 

maximum ozone concentration was needed from the previous day).  Once each hour at each 

monitor was assigned an average sensitivity, the response at that monitor to changes in NOx or 

VOC emissions could be calculated. 

To perform the model-based ozone adjustments, each urban area was treated separately.  

Within an urban area, we used the binned sensitivities to determine the impacts on hourly ozone 

for incrementally increasing emissions reductions (NOx or VOC).  The same emissions 

reductions were applied to the sensitivity profiles for all monitors within the urban area and 

over all hours for each day.   Each incremental reduction leads to a new set of hourly ozone 

concentrations for all days from 2006-2008 at each monitor.  After each increment, 8-hr 

maximum daily ozone values were recalculated for each day.  Adjusted design values were then 

calculated based on the 3-year average of the 4th highest 8-hr maximum value at each site.  The 

emissions reduction was incrementally increased until all monitors within an urban area were 

predicted to have design values below 75 ppb.  If no sensitivity was assigned to a particular 

hour and monitor (due to lack of 8-hr daily max ozone classification), then a missing value was 

assigned to the adjusted ozone value.  Note that since 1 am-5 am hours depend on the presence 

of an 8-hr maximum ozone concentration from the previous day, there may be more missing 

values in the HDDM-based adjusted ozone values than in the measured ozone values or in the 

quadratic rollback case.  

3.2.3 Multi-step application of HDDM sensitivities 

As discussed in Section 2.2 of this document, HDDM has been reported to reasonably 
replicate brute force emissions reductions up to a 50% change in emissions.  For this analysis, it 
was desirable to have confidence that the HDDM sensitivities could replicate the entire range of 
emissions reductions.  Evaluations of the HDDM estimates compared to brute force zero out 
model runs in Detroit and Atlanta showed that the HDDM estimates of ozone response to VOC 
emissions reductions are accurate down to 100% emissions reduction (see evaluation in section 
A.4 of this document).  However, this was not the case for 100% NOx reduction.  Consequently 
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two additional CMAQ/HDDM runs were performed under different levels of NOx emissions 
reductions.  One CMAQ/HDDM run was performed with US anthropogenic NOx cut by 50% in 
the 12 km Eastern domain.  A second additional run was performed with a 75% NOx reduction.  
Emissions of other species were not modified from the base case in these two NOx reduction 
runs.  These addition HDDM simulations give NOx and VOC sensitivities under expected 
conditions with lower NOx emissions in the Eastern US. 

Binned average diurnal sensitivity profiles were created for these two additional runs in the 
same manner as the sensitivity profiles were created for the base CMAQ/HDDM run.  The 8-hr 
maximum and high/low nighttime ozone classifications were based on modeled ozone 
concentrations in the base run.  This way, the same hours and days are included in the various 
bins for all three runs (and for the entire ozone adjustment process).  To apply these new 
sensitivities a 3-step methodology was adopted.  In the first step, the original base sensitivities 
were applied for NOx emissions reductions less than 40%.  If the desired design value was not 
achieved with 40% NOx reduction then additional emissions reductions were applied using the 
sensitivities derived from the 50% NOx cut simulation.  For instance, to predict the effects of 
60% NOx reduction, hourly ozone concentrations were calculated for 40% NOx emissions 
reductions using the base sensitivities.  Then the change in ozone beyond the 40% reduction in 
NOx was estimated using the sensitivities from the 50% NOx reduction simulation.  Finally, the 
sensitivities from the 75% NOx cut simulation were used to estimate the effects of NOx 
emissions reductions beyond 75%.  A conceptual picture of this process is provided in Figure 5.  
Equations (5)-(13) show how these calculations were performed.  Note that this multi-step 
procedure was only performed when evaluating ozone response to NOx emissions reductions; 
for estimates of ozone response to VOC emissions reductions, the base sensitivities were used 
over the entire range of emissions perturbations since this method is shown to accurately 
replicate ozone predictions from the 100% VOC cut brute force simulations (Figure 23 and 
Figure 24). 
 

 

Figure 5: Conceptual picture of 3-step application of HDDM sensitivities 

 



 14   

           
        Equation (5) 

 
          Equation (6) 

 
          Equation (7) 

 
          Equation (8) 

  
         Equation (9) 

            

∆
_ _  

_ _ % %  

_ _ % % % %  

 

Equation (10)  
 

 

 
        Equation (11) 

 

 

 
       Equation (12) 

            
        Equation (13) 

 
Figure 6 demonstrates how this three-step application of HDDM sensitivities is 

implemented.  A different version of this figure could be created for each hour, each monitoring 
site, and each 8-hr maximum ozone bin.  The solid lines in the figure show the change in ozone 
concentrations (ppb) for every possible change in NOx emissions (%).  The segment of the solid 
line shown in black represents the portion of the NOx reduction spectrum that uses the base 
sensitivity, the segment shown in blue represents the portion of the NOx emissions reduction 
spectrum that uses the sensitivity from the 50% NOx cut HDDM run, and the segment shown in 
green uses the sensitivity from the 75% NOx cut HDDM run.  The dotted black line shows the 
predicted change in ozone if the base sensitivity were used for the whole range of NOx 
emissions reductions and the dotted blue line show the predicted change in ozone if only the 
base and 50% NOx cut sensitivities were used.  The turquoise dots represent change in ozone at 
9 am for this location estimated by brute force CMAQ runs with 30%, 50%, 75%, and 100% 
NOx cuts for all days in June and July 2005 that had modeled 8-hr daily maximum ozone values 
greater than 75 ppb.   

Several features of the 3 step HDDM model-based adjustment approach are apparent from 
this figure.  First, for this particular site/hour/bin, the base sensitivity would lead to net ozone 
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increases at all points in the NOx emissions reduction spectrum, while using the sensitivities 
from the 50% and 75% NOx reduction simulations lead to predictions of ozone decreases when 
cuts are greater than about 50%.  In this case, the use of the three-step application of HDDM 
sensitivities leads to greater predicted ozone decreases than would be achieved with a two-step 
application of HDDM sensitivities.  This behavior is often, but not always apparent; there are 
limited hours/sites/bins for which the three-step estimates lead to smaller ozone decreases than 
the two-step estimates would.  The spread of the turquoise dots shows that there is variability in 
modeled ozone responses even within bins at a single site and at a single time of day.   The 
model-based adjustment approach is supposed to predict “typical” response, but may reduce the 
amount of variability in model estimated ozone reductions that would be seen in brute force 
model runs.  However, Figure 6 demonstrates that for this instance the three-step application of 
HDDM sensitivities does a better job of capturing an average trend in ozone response than the 
one- or two-step application of HDDM sensitivities.  Again, this holds true in most cases but 
may not be the case at every site for every hour and every ozone bin.  Figure 7 demonstrates the 
same information as Figure 6 except that it shows a nighttime hour.  In Figure 7, the black, 
blue, and green lines (turquoise dots) are used to demonstrate estimated ozone response on a 
high ozone night while the red, magenta, and purple lines (pink asterisks) show response on a 
low ozone night.  In this case, it can be seem that on high ozone nights, the 3-step HDDM 
application of HDDM sensitivities predicts ozone decreases in response to NOx emissions 
reductions while on low ozone nights, this methodology predicts ozone increases in response to 
NOx emissions reductions. 

 

Figure 6: Example of 3 step application of HDDM sensitivities for 9am hours at Detroit 
site 261630019 for days with maximum daily 8-hr ozone concentrations greater 
than 75 ppb. 
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Figure 7: Example of 3 step application of HDDM sensitivities for 1am hours at Detroit 
site 261630001 for days with maximum daily 8-hr ozone concentrations between 65 
and 75 ppb. 

 

3.3 PROPOSED REVISIONS FOR THE SECOND DRAFT REA 

Several updates to this analysis are planned for the second draft of the REA.  First, EPA’s 
Office of Air Quality Planning and Standards is currently developing a 2007-based modeling 
platform which includes 2007 meteorology and a combination of 2007 and 2008 emissions 
inputs.  These more recent emissions are more relevant to this analysis which focuses on 
ambient data from 2006-2008.  It is anticipated that this new modeling platform will be 
available in time for use in preparing the 2nd draft of the REA.  The 2007 model run will include 
the entire ozone season and, thus, increase available data points for creating binned sensitivities 
compared to the 2005-based test cases.  Second, EPA’s Office of Research and Development 
released a newer version of the CMAQ model (v5.0) in February 2012.   CMAQv5.0 is not yet 
instrumented with HDDM capabilities, but if this capability is available in time, we will 
consider using this most recent version of CMAQ.  Third, we will explore other approaches for 
grouping modeled and observed days into bins and calculating average sensitivities.  Fourth we 
will expand this analysis to include all 16 cities evaluated in the exposure assessment, cover 
ambient data from 2008-2010 and evaluate alternate possible new NAAQS in addition to the 
current 75 ppb standard.  Finally, we will extend the analysis to include the estimation of risk 
and exposure based on the HDDM adjusted ozone.   
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4. USING HDDM/CMAQ FOR SIMULATIONS OF JUST MEETING 
ALTERNATIVE STANDARDS: RESULTS 

4.1 ATLANTA RESULTS  

4.1.1 New distributions of ozone to attain 75 ppb NAAQS 

Figure 8 shows how the distribution of ozone concentrations is predicted to change by 

hour of day according to the model-based adjustment approach (NOx reductions only) for a 

downtown site.  The model-based adjustment approach predicts that ozone will respond 

differently at different times of day.  For mid-morning and afternoon hours, adjusted ozone 

concentrations are lower than observed values.  During evening hours, the HDDM sensitivities 

show very little response of ozone to NOx cuts.  Nighttime ozone concentrations are estimated 

to decrease due to the NOx reductions and morning ozone concentrations (4 am-7 am) are 

predicted to increase due to NOx disbenefits during the morning rush hour.  This change in 

ozone response with time of day was not possible to replicate with quadratic rollback.  Figure 9 

shows the same information as Figure 8 except for a downwind monitoring location.   At the 

downwind site, ozone decreases in the adjusted case occur at all hours and the response in the 

evening hours is much larger than it was for the urban site.  The HDDM sensitivities are 

predicting different chemical regimes during rush hour for the urban and the downwind sites: 

the urban site is predicted to be NOx saturated while the downwind site is not.  Consequently, 

the urban site shows increases or lack of response during the rush hour times while the 

downwind site shows response of ozone to NOx reductions at all times.  Again, the quadratic 

rollback technique does not capture the spatial variability in ozone response within an urban 

area that is exhibited in the HDDM-based results.  
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Figure 8: Distribution of ozone concentrations by hour of day for Atlanta site 131210055.  
Centerlines show median values, boxes designate 25th to 75th percentile values and 
whiskers extend to 1.5 times the interquartile range.  Values in gray/black show 
measured ozone distributions (2006-2008) and values in red/pink show predicted 
ozone distributions based on HDDM model-based adjustment approach (2006-
2008). 
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Figure 9: Distribution of ozone concentrations by hour of day for Atlanta site 132470001.  
Centerlines show median values, boxes designate 25th to 75th percentile values and 
whiskers extend to 1.5 times the interquartile range.  Values in gray/black show 
measured ozone distributions (2006-2008) and values in red/pink show predicted 
ozone distributions based on HDDM model-based adjustment approach (2006-
2008). 

 

4.1.2 Resulting design values  

The resulting design values for all sites in Atlanta with the model-based adjustment 

approach are shown in Table 1.  The highest monitor in the observed data is 132470001 which 

is a site downwind of Atlanta.  As might be expected based on the results shown in Figure 8 and 

Figure 9, the downwind sites show greater overall decreases in ozone with NOx reductions than 

the downtown sites due to NOx saturated conditions in the urban core during some hours of the 

day.  Figure 7 shows that at some times smaller NOx reductions would lead to ozone increases 

while larger NOx reductions would lead to ozone decreases at some urban sites.  This trend can 

be seen in the observed and HDDM adjusted design values.  The two urban sites (131510002 
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and 132470001) show the smallest ozone decrease.  Consequently, the model-based adjustment 

approach predicts that the highest design value is at the downtown site, 130890002, after the 

application of NOx emissions reductions.  Therefore, the spatially and temporally varying 

sensitivities not only lead to differences in response during rush-hour times (as discussed in 

section 4.1.1), but also lead to difference in response of 8-hr daily maximum ozone values. 

4.1.3 Comparison to quadratic rollback 

Table 1 also compares predicted design values using HDDM model-based adjustment 

approach versus quadratic rollback.  The quadratic rollback methodology requires that ozone at 

all sites responds the same, so unlike the HDDM approach, the quadratic rollback predicts that 

the relative order of high to low design value sites remains constant.  Design values at the two 

downtown sites are lower in the quadratic rollback case while design values at all other sites are 

lower in the model-base adjustment approach case.  

Table 1: Observed, model adjusted and rolled-back design values for Atlanta sites.  Urban 
sites highlighted in blue. 

Monitor 
Measured 2006-2008 

DV  
HDDM Adjusted DV  

Quadratic Rolled-back 
DV  

130670003 85 65  69 

130770002 84 63  68 

130890002 93 75  73 

130970004 87 66  70 

131130001 86 65  69 

131210055 91 73  72 

131350002 88 65  71 

131510002 94 73  74 

132230003 80 59  66 

132470001 95 71  75 

 

Figure 10 shows the distribution of hourly ozone concentrations at all Atlanta sites for 

the observed values, the model-based adjustment approach case, and the quadratic rollback 

case.  This comparison shows that the model-based adjustment approach reduces the hourly 

ozone values more through most of the distribution than quadratic rollback (i.e. the 25th, 50th, 

75th, 95th percentile values are lower) but that quadratic rollback reduces the highest hourly 

ozone value more.  
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Figure 10: Distribution of ozone concentrations for all Atlanta sites (2006-2008) for 
measured values (left), values calculated using the model-based adjustment 
approach (NOx reductions) (middle) and values calculated using quadratic 
rollback (right).  Centerlines show median values, boxes cover 25th to 75th 
percentile ranges and whiskers extend to 5th and 95th percentile values.  Left panel 
includes outlier values while right panel focuses on the portion of the range which 
includes the 5th to 95th percentile values. 

 

4.2 DETROIT RESULTS 

4.2.1 New distributions of ozone to attain 75 ppb NAAQS: NOx and VOC reductions  

Figure 11 and Figure 12 show ozone distributions for an urban and downwind Detroit 

site based on observations (2006-2008) and on the model-based adjustment approach assuming 

NOx reductions.   Figure 13 and Figure 14 show the same information but instead using HDDM 

sensitivities to VOC emissions reductions.  The NOx cut HDDM adjustment case for the Detroit 

urban site shows the same morning disbenefits (ozone increase) as was seen at the Atlanta 

downtown site.  However, the response during the rest of the day looks somewhat different than 

the downtown Atlanta site.  At the site shown in Figure 11, the high end of the ozone 

distribution (shown as the upper black and pink whiskers for observed and adjusted ozone) 

increases during the morning rush hour times (and one evening hour) but decreases at all other 

times of day in the model-based adjustment case.  The median ozone values, however, increase 

throughout the day in the model-based adjustment case.  This indicates that under a NOx 

reduction scenario this urban Detroit site is expected to see decreases in design values but will 

also see increases in 8-hr daily maximum ozone on days below the standard.  Note that the 

median observed values are quite low (less then 40 ppb) so these increases in ozone 
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concentrations occur on low ozone days even though they are in the middle of the observed 

ozone distribution for this site (i.e., this site has a larger number of low ozone days despite 

having a design value above 75 ppb).  Figure 12 shows that at the downwind Detroit site, there 

are some small NOx disbenefits in the morning and that NOx cuts result in ozone decreases 

throughout the entire range of ozone for all other hours of the day.  The ozone design values 

with VOC emissions reductions (shown in Figure 13 and Figure 14) show that ozone would be 

reduced at all hours of the day and for all portions of the distribution.  However, the high end 

(top whiskers) of the ozone concentrations are not reduced as dramatically in VOC reduction 

for these two sites as it is with NOx reduction.  For the VOC reduction case, ozone at the urban 

site responds more than ozone at the downwind site.  

 

Figure 11: Distribution of ozone concentrations by hour of day for Detroit site 260991003.  
Centerlines show median values, boxes designate 25th to 75th percentile values and 
whiskers extend to 1.5 times the interquartile range.  Values in gray/black show 
measured ozone distributions (2006-2008) and values in red/pink show predicted 
ozone distributions based on HDDM model-based adjustment approach (NOx cut) 
(2006-2008). 
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Figure 12: Distribution of ozone concentrations by hour of day for Detroit site 260990009.  
Centerlines show median values, boxes designate 25th to 75th percentile values and 
whiskers extend to 1.5 times the interquartile range.  Values in gray/black show 
measured ozone distributions (2006-2008) and values in red/pink show predicted 
ozone distributions based on HDDM model-based adjustment approach (NOx cut) 
(2006-2008). 
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Figure 13: Distribution of ozone concentrations by hour of day for Detroit site 260991003.  
Centerlines show median values, boxes designate 25th to 75th percentile values and 
whiskers extend to 1.5 times the interquartile range.  Values in gray/black show 
measured ozone distributions (2006-2008) and values in red/pink show predicted 
ozone distributions based on HDDM model-based adjustment approach (VOC cut) 
(2006-2008). 
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Figure 14: Distribution of ozone concentrations by hour of day for Detroit site 260990009.  
Centerlines show median values, boxes designate 25th to 75th percentile values and 
whiskers extend to 1.5 times the interquartile range.  Values in gray/black show 
measured ozone distributions (2006-2008) and values in red/pink show predicted 
ozone distributions based on HDDM model-based adjustment approach (VOC cut) 
(2006-2008). 

 

4.2.2 Resulting design values: NOx and VOC reductions 

Table 2 shows the resulting design values from the two adjustment scenarios for each 

monitor for the 75 ppb attainment case.  In Detroit, there are four sites which are located in 

heavily urbanized areas (261630001, 261250001, 260991003, and 261630019).  Ozone design 

values at these four sites decrease less than they do at the other less urbanized sites in Detroit 

for the NOx cut case.  Conversely, ozone design values decrease the same or slightly more for 

the urban sites than the upwind and downwind sites for the VOC reduction case.  However, all 

but two sites are predicted to have lower design values when the 75 ppb standard is met with 

NOx reductions than with VOC reductions: urban site 261630001 is predicted to have the same 
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design value in the NOx and VOC model-based adjustment cases while urban site 2609910003 

is predicted to have a higher design value with the NOx reduction case than with the VOC 

HDDM reduction case. 

4.2.3 Comparison to quadratic rollback 

Table 2 also shows a comparison of both HDDM model-based adjustment cases to the 

predicted design values with quadratic rollback.  Again, the quadratic rollback assumes that all 

sites will respond the same to a given level of emissions reductions so in the quadratic rollback 

case the order of high to low design values at Detroit sites does not change.  However, in both 

the NOx and VOC model-based adjustment cases some sites are more responsive than others to 

emissions reductions and thus the site with the highest post-control design value is different 

from the site with the highest measured design value for 2006-2008.  Figure 15 shows the 

distribution of hourly ozone concentrations for all sites in Detroit from 2006-2008 based on 

observations, model-based adjustments (both NOx and VOC emissions reduction cases), and 

quadratic rollback.  Ozone distributions for quadratic rollback and model-based adjustment 

using VOC reductions look similar.  Both show small reductions 25th, 50th, 75th , and 95th 

percentile values.  The distribution of hourly ozone values in the NOx reduction model-based 

adjustment case shows a larger decrease in the 95th percentile value than the VOC model-based 

adjustment or quadratic rollback cases.  However the NOx reduction model-based adjustment 

case in Detroit leads to almost no change in the  50th and 75th percentile ozone values and a very 

small decrease in the 5th and 25th percentile ozone values.  Therefore, in Detroit the NOx 

reduction results in lowering the highest ozone concentrations more than either the VOC 

reduction or quadratic rollback cases but results in lowering the mid range ozone concentrations 

less than the VOC reduction and quadratic rollback cases. 
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Table 2: Observed, model adjusted, and rolled-back design values for Detroit sites.  Urban 
sites highlighted in blue. 

Monitor 
Measured 2006-2008 

DV  
HDDM Adjusted DV 

(VOC reductions)  

HDDM Adjusted 
DV  

(NOx reductions)  

Quadratic Rolled-
back DV  

261630001  71  65  65  65  

261610008  74  68  65  68  

260910007  75  71  63  69  

261250001  77  72  70  70  

261470005  78  74  67  71  

260991003  80  73  75  74  

260990009  81  75  72  74  

261630019  82  74  71  75  

 

 

Figure 15: Distribution of ozone concentrations for all Detroit sites (2006-2008) for 
measured values (left), values calculated using HDDM model-based adjustment 
approach (NOx reductions) (2nd from left), HDDM model-based adjustment 
approach (VOC reductions) (2nd from right) and values calculated using quadratic 
rollback (right). Centerlines show median values, boxes cover 25th to 75th percentile 
ranges and whiskers extend to 5th and 95th percentile values.  Left panel includes 
outlier values while right panel focuses on the portion of the range which includes 
the 5th to 95th percentile values. 
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5. RECOMMENDATIONS 

Based on the analysis presented here, we believe that there are clear benefits for using 

model-based ozone adjustments for the second draft REA.  The HDDM model-based 

adjustment approach, unlike quadratic rollback, allows us to predict the temporally- and 

spatially-varying response of ozone within an urban area to emissions changes and allows us to 

account for the sensitivity of these air quality changes to NOx versus VOC emissions 

reductions. For example, the model-based adjustments account for ozone increases with NOx 

emissions reductions which may occur at times and locations where NOx to VOC concentration 

ratios are high and total ozone concentrations are low.  The model-based methodology also 

directly accounts for physical and chemical processes that lead to ozone formation and 

transport, and includes both natural and anthropogenic sources of ozone precursors from 

sources both within and outside of the U.S.  Consequently, it is more straightforward to isolate 

the ozone response to U.S. emission reductions, eliminating the need to artificially specify a 

floor for air quality changes as is required in the quadratic rollback method.   The effect of these 

capabilities is clearly shown in this work where the order of the monitoring sites with respect to 

the highest to lowest ozone design values changed in both Detroit and Atlanta between the 

2006-2008 observations and the HDDM model-based ozone estimates. (The application of the 

quadratic rollback will not change the order of the monitoring sites with respect to magnitude of 

the design value before versus after rollback.)  Using the HDDM model-based adjustment 

approach also had the effect of changing the absolute predicted magnitude of the design values 

after simulating just meeting the current standard in the two case study areas, when compared to 

the application of the quadratic rollback.  For example, the application of the model-based 

adjustments in Atlanta resulted in 8 out of 10 monitoring sites with lower design values than 

those estimated by using quadratic rollback.  In the Detroit case study example, the application 

of HDDM allowed us to compare the effect of reducing NOx versus VOC emissions. Five out 

of 8 monitoring sites in Detroit were predicted to have lower design values using the HDDM 

model-based adjustment approach with NOx emissions reductions versus quadratic rollback but 

only 2 out of 8 sites were predicted to have lower design values using HDDM model-based 

adjustment approach with VOC emissions reductions versus quadratic rollback. Compared to 

quadratic rollback, these capabilities of the HDDM model-based adjustment approach build 

confidence that the results drawn from this type of analysis allow us to more realistically 

represent the response in hourly ozone concentrations to reductions in emissions for a scenario 

of just meeting the current and alternative standard levels. Further analyses will be conducted to 

better understand the effect of using the HDDM model-based adjustment approach on the 

results of the risk and exposure assessment. 
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APPENDIX A.  MODEL SET-UP AND EVALUATION ANALYSES  

A.1. MODEL SET-UP AND SIMULATION 
The air quality modeling underlying this analysis was performed using CMAQv4.7.1 

with HDDM for ozone (www.cmaq-model.org).  CMAQ was run using the carbon bond 2005 

(CB05) gas-phase chemical mechanism (Grey et al 1989; Yarwood et al, 2005) and the AERO5 

aerosol module which includes ISORROPIA for gas-particle partitioning of inorganic species 

(Nenes et al 1998) and secondary organic aerosol treatment as described in Carlton et al (2010).    

   

A.1.1. Model domain 
For this analysis, all CMAQ/HDDM runs were performed in the Eastern U.S. 12 km 

modeling domain. As shown in Figure 16, this domain has a “parent” domain with a horizontal 

grid of resolution of 36 km. The air quality predictions from the 36 km domain were only used 

to establish the incoming air quality concentrations along the boundaries of the 12 km domain.  

Air quality conditions at the outer boundary of the 36 km domain were taken from a global 

model.  For both domains, the model extends vertically from the surface to 100 millibars 

(approximately 15 km) using a sigma-pressure coordinate system. Table 3 provides some basic 

geographic information regarding the CMAQ domains. 
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Figure 16: Map of the CMAQ modeling domain.  The black outer box denotes the 36 km 
national modeling domain and the blue inner box is the 12 km eastern U.S. fine 
grid. 

 

Table 3: Geographic elements of domain used in the CMAQ/HDDM modeling 

 CMAQ Modeling Configuration 

 National Grid Eastern U.S. Fine Grid 

Map Projection Lambert Conformal Projection 

Grid Resolution 36 km 12 km 

Coordinate Center 97 deg W, 40 deg N 

True Latitudes 33 deg N and 45 deg N 

Dimensions 148 x 112 x 14 279 x 240 x 14 

Vertical extent 14 Layers: Surface to 100 millibar level (see Table II-3) 

 

A.1.2. Model time period 
The CMAQ/HDDM modeling domain was simulated for July and August of 2005.  The 

simulation included at 3 day “ramp-up” period from June 28-June 30 to minimize the effects of 

initial conditions.  The ramp-up days were not considered in the analysis for the HDDM results.  

Only 3 days were deemed necessary for the ramp up because the initial concentrations are 

derived from the 36 km parent simulation. 

36km Domain Boundary

12km East Domain Boundary
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A.1.3. Model Inputs: meteorology, emissions, initial and boundary conditions 
CMAQ model simulations require inputs of meteorological fields, emissions, and initial 

and boundary conditions.  The gridded meteorological input data for the entire year of 2005 

were derived from simulations of the Pennsylvania State University / National Center for 

Atmospheric Research Mesoscale Model.  This model, commonly referred to as MM5, is a 

limited-area, nonhydrostatic, terrain-following system that solves for the full set of physical and 

thermodynamic equations which govern atmospheric motions (Grell et al., 1994).  

Meteorological model input fields were prepared separately for each of the two domains shown 

in Figure 16 using MM5 version 3.7.4.  The MM5 simulations were run on the same map 

projection as CMAQ.  

The 36 km and 12 km meteorological model runs configured similarly.  The selections 

for key MM5 physics options are shown below: 

 Pleim-Xiu PBL and land surface schemes 
 Kain-Fritsh 2 cumulus parameterization 
 Reisner 2 mixed phase moisture scheme 
 RRTM longwave radiation scheme 
 Dudhia shortwave radiation scheme 

 
Three dimensional analysis nudging for temperature and moisture was applied above the 

boundary layer only.  Analysis nudging for the wind field was applied above and below the 

boundary layer.  The 36 km domain nudging weighting factors were 3.0 x 104 for wind fields 

and temperatures and 1.0 x 105 for moisture fields. The 12 km domain nudging weighting 

factors were 1.0 x 104 for wind fields and temperatures and 1.0 x 105 for moisture fields.  

The 36 km and 12 km domain model runs were conducted in 5.5 day segments with 12 

hours of overlap for spin-up purposes.  Both meteorological modeling domains contained 34 

vertical layers with an approximately 38 m deep surface layer and a 100 millibar top.  The 

MM5 and CMAQ vertical structures are shown in Table 4 and do not vary by horizontal grid 

resolution. 
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Table 4: Vertical layer structure for MM5 and CMAQ (heights are layer top) 

CMAQ Layers MM5 Layers Sigma P 

Approximate 

Height (m) 

Approximate 

Pressure (mb) 

0 0 1.000 0 1000 

1 1 0.995 38 995 

2 2 0.990 77 991 

3 

3 0.985 115 987 

4 0.980 154 982 

4 

5 0.970 232 973 

6 0.960 310 964 

5 

7 0.950 389 955 

8 0.940 469 946 

6 

9 0.930 550 937 

10 0.920 631 928 

11 0.910 712 919 

7 

12 0.900 794 910 

13 0.880 961 892 

14 0.860 1,130 874 

8 

15 0.840 1,303 856 

16 0.820 1,478 838 

17 0.800 1,657 820 

9 

18 0.770 1,930 793 

19 0.740 2,212 766 

10 

20 0.700 2,600 730 

21 0.650 3,108 685 

11 

22 0.600 3,644 640 

23 0.550 4,212 595 

12 

24 0.500 4,816 550 

25 0.450 5,461 505 

26 0.400 6,153 460 

13 

27 0.350 6,903 415 

28 0.300 7,720 370 

29 0.250 8,621 325 

30 0.200 9,625 280 

14 

31 0.150 10,764 235 

32 0.100 12,085 190 

33 0.050 13,670 145 

34 0.000 15,674 100 
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The 2005 meteorological outputs from all three MM5 runs were processed to create 

model-ready inputs for CMAQ using the Meteorology-Chemistry Interface Processor (MCIP), 

version 3.4 (Byun and Ching, 1999). 

Before initiating the air quality simulations, it is important to identify the biases and 

errors associated with the meteorological modeling inputs.  The 2005 MM5 model performance 

evaluations used an approach which included a combination of qualitative and quantitative 

analyses to assess the adequacy of the MM5 simulated fields.  Qualitative evaluations compared 

spatial patterns of monthly total rainfall and monthly maximum modeled planetary boundary 

layer (PBL) heights.  The operational evaluation included statistical comparisons of 

model/observed pairs (e.g., mean normalized bias, mean normalized error, root mean square 

errors, etc.) for multiple meteorological parameters.  For this portion of the evaluation, five 

meteorological parameters were investigated: temperature, humidity, shortwave downward 

radiation, wind speed, and wind direction.  The MM5 evaluations for each domain are described 

elsewhere (Baker and Dolwick, 2005a,b,c).  The results of these analyses indicate that the bias 

and error values associated with all three sets of 2005 meteorological data were generally 

within the range of past meteorological modeling results that have been used for air quality 

applications. 

The emissions data used are based on the 2005 v4.3 platform. Emissions are processed 

to photochemical model inputs with the SMOKE emissions modeling system (Houyoux et al., 

2000).  This platform includes emissions from electric generating utilities (EGUs) and fires in 

the United States which are temporalized based on average temporal profiles from 3 years of 

data. In addition, US emissions are included from other point sources, area sources, agricultural 

sources (ammonia only), anthropogenic fugitive dust sources, nonroad mobile sources, onroad 

mobile sources, and biogenic sources. Onroad mobile sources were created using EPA’s 

MOVES model (www.epa.gov/otaq/models/moves).  Biogenic emissions were estimated using 

the Biogenic Emissions Inventory System version 3.14 (BEISv3.14) (Pierce et al, 1998).  Other 

North American emissions are based on a 2006 Canadian inventory and 1999 Mexican 

inventory.  Emissions totals within the 12 km Eastern domain are summarized in Table 5 for 

CO, NH3, NOx, PM10, PM2.5, SO2, VOC.  More details on the emission used for this modeling 

can be found in US EPA (2011a). 

 

 

 

 

 

 



 36   

Table 5: Summary of emissions totals by sector for the 12km Eastern US domain 

Sector 
Name Sector description 

Emissions (1000 tons/year) 
CO NH3 NOX PM10 PM2.5 SO2 VOC 

afdust Anthropogenic fugitive dust 7,916 924 

ag Agricultural sources 2,874 

alm_no_c3 

Air, locomotive, and marine 

mobile sources  

(except C3 marine) 224 1 1,614 49 47 110 56 

avefire Average year fire emissions 4,664 19 103 417 357 25 1,068 

nonpt Area sources 6,124 109 1,460 1,082 871 1,095 6,350 

nonroad Off road equipment 16,766 2 1,679 175 167 176 2,318 

onroad Onroad mobile vehicles 34,793 117 6,866 307 251 151 2,715 

othar 

Canada and Mexico area 

sources 2,552 411 476 783 236 104 997 

othon 

Canada and Mexico onroad 

mobile sources 3,249 16 375 12 9 7 237 

othpt 

Canada and Mexico point 

sources 634 12 537 108 84 1,161 214 

ptipm 

Point sources: electric 

generation units 567 20 3,419 570 472 10,171 38 

ptnonipm 

Point sources other than electric 

generating units 2,802 143 1,979 555 378 1,891 1,166 

seca_c3 C3 marine vessels 48  578 48 44 371 20 

beis Biogenic emissions 5,401  1,644    26,555 

total US 

anthro 

Total US anthropogenic 

emissions used in HDDM (NOx 

and VOC only) 17,595 12,662 

total Domainwide total 77,822 3,723 20,729 12,021 3,840 15,264 41,734 

 

 

The lateral boundary and initial species concentrations for the 36 km domain are 

provided by a three-dimensional global atmospheric chemistry model, the GEOS-CHEM 

(Yantosca, 2004) model (standard version 7-04-11(Henze et al, 2008)).  The global GEOS-

CHEM model simulates atmospheric chemical and physical processes driven by assimilated 

meteorological observations from the NASA’s Goddard Earth Observing System (GEOS).  This 

model was run for 2005 with a grid resolution of 2.0 degree x 2.5 degree (latitude-longitude) 

and 30 vertical layers up to 100 mb. The predictions were used to provide one-way dynamic 

boundary conditions at three-hour intervals and an initial concentration field for the 36 km 

CMAQ simulations.  The outputs from the 36 km modeling were used to develop the 

initial/boundary concentrations for the subsequent 12 km Eastern domain model simulation. 
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A.2. OPERATIONAL EVALUATION OF MODELED OZONE CONCENTRATIONS 
IN ATLANTA AND DETROIT 

An overall model performance evaluation for ozone and PM2.5 predictions from the 

Eastern 12 km domain can be found in US EPA (2011b).  Model evaluation statistics for 

specific monitors included in this analysis are provided in this section. 

Table 6 and Table 7 give performance statistics for modeled ozone versus measured 

ozone at the Atlanta and Detroit monitoring sites respectively.  Performance statistics are given 

both for hourly ozone (all hours of the day) and 8-hr daily maximum ozone.  Aggregate 

statistics are given for both metrics.  In addition, data are further disaggregated to show 

performance when observed hourly ozone or observed 8-hr daily maximum ozone is above a 

threshold of 60 ppb.  Time series of measured and modeled hourly values in Atlanta are shown 

in Figure 17 and Figure 18, while a time series of 8-hr daily maximum ozone values is shown in 

Figure 19.  The time series for Detroit are shown in Figure 20, Figure 21, and Figure 22.  These 

tables and figures show that ozone is overpredicted at Atlanta monitoring sites during July and 

August 2005.  This overprediction occurs both during daytime peak hours and at night.  The 8-

hr daily max ozone is also overpredicted in Atlanta (Figure 19), however the model shows skill 

in capturing the day-to-day fluctuations in ozone levels.  This model overprediction makes the 

binning process especially important since it matches similar modeled and measured days 

instead of relying on perfect model performance.  For sites in Detroit the predictions are more 

closely aligned with the observations than in Atlanta.  For the most part, daytime ozone values 

are well captured in Detroit.  The model still slightly overpredicts low nighttime ozone 

concentrations in Detroit, but not nearly to the extent seen in Atlanta.  Although daytime ozone 

predictions are fairly accurate in Detroit, the binning methodology still prevents the application 

of sensitivities derived from high modeled ozone days to low observed ozone days and vice 

versa since there are still some overpredicted and some underpredicted daytime ozone values. 
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Table 6: Performance statistics of modeled ozone at 10 Atlanta monitoring sites used in 
this analysis 

Metric 
Hourly ozone  8-hr daily maximum ozone  

All values  60 ppb All values  60 ppb 

Number 14,560 1533 606 166 

Mean Obs (ppb)  27.0 72.5 49.2  71.3 

Mean Mod (ppb)  45.1  79.7  64.1  81.2 

Mean Bias (ppb)  18.0  7.2  14.9  9.9 

Mean Error (ppb)  19.3  13.3  15.9  12.9 

Normalized mean 
bias (%) 

 66.6  9.9  30.4  13.9 

Normalized mean 
error (%) 

 71.5  18.3  32.3  18.1 

 

Table 7: Performance statistics of modeled ozone at 8 Detroit monitoring sites used in this 
analysis 

Metric 
Hourly ozone  8-hr daily maximum ozone  

All values  60 ppb All values  60 ppb 

Number 11,329 1362 295 88 

Mean Obs (ppb)  33.6 71 53.7 71.7  

Mean Mod (ppb)  37.9  63.2  55.9  67.7 

Mean Bias (ppb)  4.4  -7.8  2.2  -4.1 

Mean Error (ppb)  11.2  11.7  7.8  7.7 

Normalized mean 
bias (%) 

13.0  -10.9  4.1  -5.7 

Normalized mean 
error (%) 

33.4  16.6  14.5  10.7 
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Figure 17: Time series of model performance for hourly ozone concentrations at Atlanta 
monitoring sites for July 2005.  Observed values shown in black and modeled 
values shown in red. 

 

Figure 18: Time series of model performance for hourly ozone concentrations at Atlanta 
monitoring sites for August 2005.  Observed values shown in black and modeled 
values shown in red. 



 40   

 

Figure 19: Time series of model performance for 8-hr daily maximum ozone 
concentrations at Atlanta monitoring sites for July and August 2005.  Observed 
values shown in black and modeled values shown in red. 

 

Figure 20: Time series of model performance for hourly ozone concentrations at Detroit 
monitoring sites for July 2005.  Observed values shown in black and modeled 
values shown in red. 
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Figure 21: Time series of model performance for hourly ozone concentrations at Detroit 
monitoring sites for August 2005.  Observed values shown in black and modeled 
values shown in red. 

 

Figure 22: Time series of model performance for 8-hr daily maximum ozone 
concentrations at Detroit monitoring sites for July and August 2005.  Observed 
values shown in black and modeled values shown in red. 
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A.3. CHOICE OF SENSITIVITY CUTPOINTS 
As described in Section 3.2.3, the multi-step adjustment technique applies sensitivities 

from HDDM/CMAQ runs performed under different emissions scenarios to cover the entire 

range of emissions reductions.  The base sensitivity was used over the first 40% of NOx 

reductions, the sensitivity from a simulation performed with 50% anthropogenic NOx emissions 

was used over the next 35% of NOx reduction and finally the sensitivity from a simulation 

performed with 75% anthropogenic NOx emissions was used over the final 25% of NOx 

reductions.  An evaluation was performed to determine the ideal cut points to switch to the 

sensitivity derived from a different simulation.   

First, HDDM estimates of ozone concentrations for 50% NOx emissions cuts were 

compared to brute force simulations in which emissions NOx emissions were reduced by 50% 

and the model was rerun.  The HDDM-predicted ozone concentration was calculated using 

Equations (5) and (9) – (12), with P = 50%.  This analysis was repeated 51 times with X 

varying between 0 and 50 and Y= 100 –X (e.g. X=0 and Y = 50; X= 1 and Y = 49; X = 2 and Y 

= 48 etc).  For each of the 51 iterations, the HDDM estimates of hourly ozone concentrations 

were compared to the modeled ozone concentrations from the brute force simulation.  For each 

comparison a variety of performance metrics were calculated at the grid cells containing the 

eight Detroit monitoring sites, at the grid cells containing the ten Atlanta monitoring sites, and 

at the grid cells containing all AQS sites in the Eastern modeling domain.  The calculated 

metrics include: mean bias, mean error, maximum bias, maximum error, 99th percentile bias, 

99th percentile error, correlation coefficient (R), slope for the line of best fit, and intercept for 

the line of best fit.  The maximum and 99th percentile bias and error metrics were included to 

characterize the worst performance for HDDM when compared to brute force model 

simulations.  For each of the bias and error metrics, the best performance occurs when the value 

of the metric is closest to zero.  For R, values closest to one indicate the best performance.  And 

for the line of best fit, a slope close to one and intercept close to zero indicates good agreement 

between HDDM predictions and brute force estimates.  After evaluating the performance based 

on these nine metrics for these three subsets of model grid cells, it was determined that X=40% 

provided HDDM estimates that were closest to brute force estimates across multiple locations. 

To determine best values for Y and Z, a similar analysis was done in which HDDM and 

brute force estimates of ozone at 75% NOx cut and 100% NOx cut conditions were compared.  

In both sets of analyses, X=40%, Y varied between 10% and 35%, and Z was set to 100 – 

(X+Y).  Again, the nine metrics listed above were calculated to characterize how well HDDM 

estimates of ozone at these NOx emissions levels compared to brute force model simulations for 

grid cells in Detroit, Atlanta, and across the eastern United States.  Based on the relative 
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performance for the 9 metrics in these comparisons, Y = 35% and Z = 25% were deemed the 

most appropriate values for replicating brute force CMAQ simulations.  

A.4. BRUTE FORCE VERSUS HDDM FOR 1-STEP AND 3-STEP APPLICATION OF 
HDDM SENSITIVITIES 

As discussed previously, only the sensitivities from the base CMAQ/HDDM simulation 

were used to estimate ozone concentrations that would result from VOC reductions.  Figure 23 

and Figure 24 show a comparison of predicted ozone at 100% anthropogenic VOC reductions 

for the grid cells containing the Atlanta and Detroit monitoring sites respectively.  These plots 

are density scatter plots: the y-axis shows the predicted ozone concentration using HDDM 

sensitivities, the x-axis shows the predicted ozone concentration using a brute force CMAQ 

simulation, and the colors represent the percentage of points which fall at any location on the 

plot.  When the majority of points fall on the 1-to-1 line, as in Figure 23 and Figure 24, this 

indicates that the two techniques are estimating the same values.  Figure 23 and Figure 24 

demonstrate an excellent ability of the HDDM to replicate 100% VOC cuts from the brute force 

simulation.  Plots comparing HDDM to brute force for the 50% VOC cut show even better 

agreement and are provided in Section Appendix B.  Plots showing the change in ozone from 

the base simulation (100% of anthropogenic VOC emissions present) to 50% or 100% VOC cut 

scenarios also show similarly good agreement and are also provided in Section Appendix B.   
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Figure 23: Comparison of HDDM to brute force ozone predictions with 100% VOC 
emissions cuts at grid cells containing Atlanta monitoring sites.  Colors denote the 
percentage of points which fall in each location in this plot. 

 

Figure 24: Comparison of HDDM to brute force ozone predictions with 100% VOC 
emissions cuts at grid cells containing Detroit monitoring sites.  Colors denote the 
percentage of points which fall in each location in this plot. 
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Figure 25a, Figure 26a, Figure 27a, and Figure 28a show comparisons of predicted 

ozone using HDDM with sensitivities from the base runs only (1-step HDDM) to brute force 

CMAQ estimates at 75% and 100% anthropogenic NOx reductions for the grid cells containing 

the Atlanta and Detroit monitoring sites respectively.  These plots show considerably more 

scatter than the VOC reduction plots for 50% or 100% emissions cuts.  Figure 25b, Figure 26b, 

Figure 27b, and Figure 28b show the same comparison except using multi-step HDDM 

calculations (2-step HDDM estimates for the 75% NOx cut case and 3-step HDDM estimates 

for the 100% NOx cut case).  Comparing Figure 25a, Figure 26a, Figure 27a, and Figure 28a 

with Figure 25b, Figure 26b, Figure 27b, and Figure 28b shows that using sensitivities from 

multiple CMAQ/HDDM simulations over varying NOx emissions levels provides ozone 

estimates that are in substantially better agreement with brute force emissions reductions 

CMAQ simulations.  Even for the hypothetical case in which 100% of the anthropogenic NOx 

emissions were eliminated, the 3-step HDDM ozone estimates only have a normalized mean 

bias of -15% in Atlanta and -0.9% in Detroit and normalized mean error of 31% in Atlanta and 

13% in Detroit.  Plots showing the change in ozone from the base simulation (100% of 

anthropogenic NOx emissions present) to the 100% NOx cut scenario are provided in Appendix 

B and show similarly improved performance when the 3-step application of HDDM 

sensitivities is used.   

 

Figure 25:  Comparison of 1-step (left) and multi-step (right) HDDM to brute force ozone 
predictions with 75% NOx emissions cuts at grid cells containing Atlanta 
monitoring sites.  Colors denote the percentage of points which fall in each location 
in this plot. 
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Figure 26: Comparison of 1-step (left) and multi-step (right) HDDM to brute force ozone 
predictions with 75% NOx emissions cuts at grid cells containing Detroit 
monitoring sites.  Colors denote the percentage of points which fall in each location 
in this plot. 

 

Figure 27: Comparison of 1-step (left) and multi-step (right) HDDM to brute force ozone 
predictions with 100% NOx emissions cuts at grid cells containing Atlanta 
monitoring sites.  Colors denote the percentage of points which fall in each location 
in this plot. 
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Figure 28: Comparison of 1-step (left) and multi-step (right) HDDM to brute force ozone 
predictions with 100% NOx emissions cuts at grid cells containing Detroit 
monitoring sites.  Colors denote the percentage of points which fall in each location 
in this plot. 
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APPENDIX B. ADDITIONAL PLOTS 

 

 

Figure 29: Predicted change in ozone concentrations (ppb) at all Atlanta sites with a 30% 
decrease in US anthropogenic NOx emissions in the Eastern US domain based on 
bins created for high ozone nights. 
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Figure 30: Predicted change in ozone concentrations (ppb) at all Atlanta sites with a 30% 
decrease in US anthropogenic NOx emissions in the Eastern US domain based on 
bins created for low ozone nights. 
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Figure 31: Predicted change in ozone concentrations (ppb) at all Detroit sites with a 30% 
decrease in US anthropogenic NOx emissions in the Eastern US domain based on 
bins created for high ozone nights. 
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Figure 32: Predicted change in ozone concentrations (ppb) at all Detroit sites with a 30% 
decrease in US anthropogenic NOx emissions in the Eastern US domain based on 
bins created for low ozone nights. 
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Figure 33: Predicted change in ozone concentrations (ppb) at all Detroit sites with a 30% 
decrease in US anthropogenic VOC emissions in the Eastern US domain based on 
bins created for high ozone nights. 
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Figure 34: Predicted change in ozone concentrations (ppb) at all Detroit sites with a 30% 
decrease in US anthropogenic VOC emissions in the Eastern US domain based on 
bins created for low ozone nights. 
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Figure 35: Comparison of 1-step HDDM to brute force ozone concentrations (left) and 
changes in ozone (right)  due to 50% eastern US VOC emissions cuts at grid cells 
containing Atlanta monitoring sites.  Colors denote the percentage of points which 
fall in each location in this plot. 

 

Figure 36: Comparison of 1-step HDDM to brute force ozone concentrations (left) and 
changes in ozone (right)  due to 50% eastern US VOC emissions cuts at grid cells 
containing Detroit monitoring sites.  Colors denote the percentage of points which 
fall in each location in this plot. 

 



 55   

 

Figure 37: Figure 34: Comparison of 1-step (left) and multi-step (right) HDDM to brute 
force changes in ozone due to 75% NOx cuts at grid cells containing Atlanta 
monitoring sites.  Colors denote the percentage of points which fall in each location 
in this plot. 

 

Figure 38: Figure 34: Comparison of 1-step (left) and multi-step (right) HDDM to brute 
force changes in ozone due to 75% NOx cuts at grid cells containing Detroit 
monitoring sites.  Colors denote the percentage of points which fall in each location 
in this plot. 
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Figure 39: Figure 34: Comparison of 1-step (left) and multi-step (right) HDDM to brute 
force changes in ozone due to 100% NOx cuts at grid cells containing Atlanta 
monitoring sites.  Colors denote the percentage of points which fall in each location 
in this plot. 

 

Figure 40: Comparison of 1-step (left) and multi-step (right) HDDM to brute force 
changes in ozone due to 100% NOx cuts at grid cells containing Detroit monitoring 
sites.  Colors denote the percentage of points which fall in each location in this plot. 
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Figure 41: Distribution of ozone concentrations by hour of day at each Atlanta monitoring 
site.  Centerlines show median values, boxes designate 25th to 75th percentile 
values and whiskers extend to 1.5 times the interquartile range.  Values in 
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gray/black show measured ozone distributions (2006-2008) and values in red/pink 
show predicted ozone distributions based on HDDM model-based adjustment 
approach (2006-2008) 

 

 

Figure 42: Distribution of ozone concentrations by hour of day at each Detroit monitoring 
site.  Centerlines show median values, boxes designate 25th to 75th percentile 
values and whiskers extend to 1.5 times the interquartile range.  Values in 
gray/black show measured ozone distributions (2006-2008) and values in red/pink 
show predicted ozone distributions based on HDDM model-based adjustment 
approach (NOx cuts) (2006-2008) 
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Figure 43: Distribution of ozone concentrations by hour of day at each Detroit monitoring 
site.  Centerlines show median values, boxes designate 25th to 75th percentile 
values and whiskers extend to 1.5 times the interquartile range.  Values in 
gray/black show measured ozone distributions (2006-2008) and values in red/pink 
show predicted ozone distributions based on HDDM model-based adjustment 
approach (VOC cuts) (2006-2008) 

 

 

 

 





concentration level, NAB does not vary significantly with increasing MDA8 ozone concentration.  
Because of this behavior, the relative “contribution” of NAB to total ozone decreases with increasing 
concentration. 
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1. Introduction 
 

Ground level ozone is an air quality pollutant that is primarily formed from chemical precursors 
emitted from anthropogenic and natural sources.  An additional fraction of ground level ozone is 
transported from the stratosphere during certain episodic meteorological events. While it has a relatively 
short lifetime in the atmosphere compared to some pollutants like methane, ozone formed from 
anthropogenic and natural sources can be transported on local, regional, and intercontinental spatial 
scales.  As such, national ozone exposure is a function of both local precursor emissions and transported 
ozone from multiple upwind sources.   In developing the Policy Assessment document for the Ozone 
NAAQS review (US EPA, 2012a), EPA is distinguishing between ozone formed from sources that could 
be controlled through U.S. regulations or through international agreements with neighboring countries 
and ozone that is not controllable through such a process.  The latter is referred to as North American 
Background ozone (NAB) which is defined as the estimated distribution of ozone concentrations that 
would be observed in the U.S. in the absence of North American (i.e., U.S., Canada, and Mexico) 
anthropogenic emissions.  NAB includes ozone formed from anthropogenic sources outside of North 
America as well as natural ozone both within and outside of North America.  In this manner, natural 
ozone includes ozone formed from emissions from wild fires, lightning, soil, and biogenic sources and 
ozone from stratospheric intrusions.  Literature estimates of background ozone were extensively 
reviewed in the ozone Integrated Science Assessment (ISA, US EPA, 2012b).  Background ozone, as 
defined above, cannot be directly measured in the ambient atmosphere. Therefore, the ISA examined 
simulated ozone from global and regional chemical transport model applications as an appropriate 
approach for characterizing background ozone concentrations.   
 

The most recent simulations of background ozone in the scientific literature (Zhang et al., 2011; 
Emery et al., 2012) used the zero-out methodology to estimate the contribution of NAB to total ozone 
concentrations.  By modeling ozone concentrations after eliminating North American anthropogenic 
emissions (NA), the zero-out simulations provide estimates of NAB contributions.  Under this 
methodology, the total ozone concentration is apportioned between ozone produced from North 
American anthropogenic emissions and NAB.  However, because of non-linear chemical interactions 
between North American anthropogenic emissions and sources of NAB, simulating NAB in isolation, as 
is the case with the zero-out approach, will not properly capture the contribution of NAB to total ozone 
under some chemical regimes.  For example, in locations near sources of high anthropogenic nitrogen 
oxide (NOx) emissions, total ozone may, at times, be locally suppressed due to titration of ozone by 
nitrogen oxides.  During these conditions, total ozone would not be the sum of NA and NAB estimated 
by zero-out modeling.    
 

The analyses by Zhang and by Emery evaluated maximum daily average 8-hour ozone (MDA8) 
NAB during spring and summer at the location of selected rural monitoring sites in the U.S.  We have 
extended the results of analyses reported in Zhang et al., 2011 and in Emery et al., 2012 by examining 
the seasonal and regional characteristics of NAB from their model simulations in relation to total ozone 
concentrations.  The purpose of this analysis is to quantify the distribution of NAB as a function of 
increasing total ozone concentration and compare these distributions by region for the spring and 
summer. 

 



2 
 

2. Methods 
 

The methodology for this analysis is presented in three sections.  The first section provides a 
summary of simulations used in this analysis.  The second section focuses on the methods used to 
calculate MDA8 concentrations.  The third section defines the regional and temporal categories.  

2.1 Simulations 
 

As indicated above, the analyses reported in this memorandum rely upon the underlying data from 
simulations of total ozone and NAB, as published by Zhang et al. (2011) and Emery et al. (2012).  The 
study by Zhang et al. (2011) used the GEOS-Chem model (Bey et. al., 2001 and Yantosca, 2004) and 
the study by Emery used the CAMx model (Environ, 2010).  Both of these studies employed a coarsely 
resolved global simulation at 2 by 2.5 degrees (e.g., Zhang et al., 2011) to provide boundary 
concentrations for more finely resolved “national scale” simulations covering the lower 48 states and 
adjacent portions of Canada and Mexico.  The national scale GEOS-Chem modeling by Zhang et al. 
(2011) was performed with a grid resolution of 0.5 x 0.667 degrees (~50 km), whereas the grid 
resolution of the CAMx modeling by Emery et al. (2012) was performed at a resolution of 12 x 12 km.  
Both studies independently simulated a full year for 2006 and relied upon the 2005 National Emission 
Inventory grown to 2006 for U.S. anthropogenic emissions.  The natural emissions modeled included 
soil NOx, biogenic volatile organic compounds (VOCs), lightning NOx, and NOx and VOCs from wild 
and prescribed fires.  As summarized below, important differences between the studies exist for fires 
and lightning.   
 

Emery et al. (2012) used day-specific fire emission estimates from the SmartFire system (Raffuse et 
al., 2007), while Zhang et al. (2011) used monthly average estimates.  The day-specific emissions were 
more variable in space and time and produced higher peak ozone concentrations compared to the 
monthly average estimates.  However, the magnitude of ozone predicted from the day-specific fires is 
likely to be an over-estimate of actual ozone due to certain limitations in the characterization of an 
important feedback from the impact of smoke from fires on actinic flux in the model.  Fires produce 
smoke which should, therefore, reduce actinic flux available for ozone chemistry.  However, this 
feedback of smoke on actinic flux, which has been found to be important to ozone formation near fires 
(Real et al., 2007; Mathur et al., 2008), was not included in the CAMx modeling,  
 

Differences in lightning NOx emissions also exist between the GEOS-Chem and CAMx modeling 
systems, but the impacts of these differences on predicted ozone are unclear.  Zhang et al. (2011) and 
Emery et al. (2012) horizontally distributed annual estimates of lightning NOx based on simulated 
meteorology.   However, the approach for vertically distributing lightning NOx emissions was quite 
different in the two studies.  Zhang et al. (2011) followed the approach by Pickering et al. (1997), which 
relies upon a concave vertical profile that allocates most of the NOx to the upper troposphere with only a 
relatively small amount near the surface.  Emery et al. (2012) followed Koo et al. (2010), which uses a 
convex vertical profile that allocates most of the lightning NOx near the surface or just above the 
planetary boundary layer.  The approach in Emery et al. (2012) likely resulted in a greater amount of 
lightning NOx available for ozone production in the lower portion of the boundary layer near the 
ground. 
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2.2  Calculation of Maximum Daily Average 8-Hour Ozone 
 

For regulatory purposes, the MDA8 metric is calculated in two discrete steps.  The first step includes 
creating a running average of ozone mixing ratios (ppm or ppb) for 8 consecutive hours assigning the 
average concentration to the first hour in the averaging time period.  The second step is to determine the 
maximum 8-hour average value within each day which is, therefore, the value of MDA8.  MDA8 values 
for total ozone and for NAB were calculated in each grid cell from both the GEOS-Chem and CAMx 
simulations.  
 

The gridded MDA8 values of NAB and total ozone were mapped to the location of the Air Quality 
System (AQS) and the Clean Air Status and Trends Network (CASTNet) ozone monitoring sites 
nationwide and the location of four special study monitoring sites operated by the National Oceanic and 
Atmospheric Administration (NOAA).  The model-predicted MDA8 values for the location of AQS, 
CASTNet and NOAA sites comprise the data set of NAB and total ozone used for this analysis.  

2.3 Regional and Seasonal Aggregations 
 

The conceptual model for the sources and processes affecting ozone levels varies by region and 
season.  Ozone formation efficiency decreases in winter compared to summer because of lower 
temperatures and actinic fluxes.  Ozone produced from lighting emissions and stratospheric intrusion 
events (STE) vary by region.  Lightning NOx emissions are known to be more active in the Southeast 
where convection is active, biogenic organics are plentiful, and anthropogenic NOx is relatively scarce 
(e.g., Hagerman et al., 1997).  Stratospheric intrusions are known to be more active at high elevation that 
is more commonly found in the West (e.g., Fiore, 2003).  These are a few of the processes that lead to 
regional and seasonal differences in background ozone and total ozone. 
 

To examine the extent of regional differences in NAB we have divided the county into five distinct 
regions.  The five regions, shown in Figure 2-1, are based on previous definitions (e.g., ISA 2012) that 
segment the country into California, West (except for California), North Central, Northeast, and 
Southeast.  An extra set of categories was created for the West, which includes low (i.e., <1500 m) and 
high elevation sites.  The gridded data paired to the location of ozone monitoring sites, as described 
above (i.e., >1500 m), were aggregated by region based on the location of the grid cell center. For each 
region we aggregated the data temporally by season. Because both total ozone and NAB are higher in 
the spring and summer, compared to the fall and winter, our analysis focuses on NAB predictions during 
the spring and summer seasons only. The spring/summer divide is generally based on traditional 
definitions with a small change.  The traditional definitions use March-April-May for spring and June-
July-August for summer.  Visual inspection of the modeled data reveals, however, that the last 5 days of 
May have variability in NAB and total ozone more characteristic of summer. In order to avoid any 
influence of predictions on these five more summer-like days on the distribution of ozone for the spring 
we did not include the data for these days in this analysis.  
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Figure 2-1. Regions used in this analysis: California (blue), West (red), Southeast (yellow), North 
Central (purple), Northeast (green). 

3. Characterization of North American Background  
 

In this section we characterize NAB concentrations relative to total ozone.  As described above in 
section 2, MDA8 NAB and MDA8 total ozone were estimated independently for the location of 
monitoring sites in each region from both the GEOS-Chem and CAMx modeling systems.  To reveal the 
relationships between NAB and total ozone, NAB was plotted as a function of total ozone for each of 
the region/season1.  In addition, for the West region, we also compare NAB to total ozone for the 
location of low elevation versus high elevation monitoring sites.  Total ozone is grouped into 5 ppb bins 
and the distribution of NAB for each total ozone bin is shown as a boxplot.  Boxplots for each 
region/season are provided in section 6 as Figure 6-1, Figure 6-2, Figure 6-3, Figure 6-4, Figure 6-5, 
and Figure 6-6.  Note that the median values for each bin along with the values for the minimum, 
maximum, 5th, 25th, 75th, and 95th percentiles are provided in Table 6-1 for each region/season and for 
each modeling system.  Table 6-1 also provides the distribution of NAB above several cut-points: 55, 
60, 65, 70, and 75 ppb.   In the figures and tables “MAMC” is used to denote March, April, May (i.e., 
spring, excluding the last 5 days in May) and “JJA” is used to denote June, July, August (i.e., summer). 
 

For this analysis we focus on the characteristics of NAB using median values, but present data for 
other parts of the distribution as contextual information.   The median provides a more robust indicator 
than the extremes of the distribution for the purpose of examining and comparing the regional and 
seasonal variability in NAB.  The NAB predictions at the higher and lower ends of the distribution are 
more reflective of infrequent or perhaps atypical events.  In addition, due to the overall uncertainties and 
assumptions in the inputs to the two modeling systems, the more extreme NAB predictions are likely to 
have a greater degree of uncertainty than the median values. 
 

In the remainder of this section we describe the general regional and seasonal patterns of NAB based 
on the median values. We then compare the median NAB concentrations to the corresponding 75th and 
95th percentile values in each region for spring and for summer days with predicted MDA8 total ozone 

                                                 
1 Initially, NAB was separated into “urban” and “non-urban” categories depending on the location of the corresponding 
monitoring site.  Sites within a Combined Statistical Area (CSAs) were considered as “urban” and sites outside of a CSA 
were considered as “non-urban Sites”.   However, we found that there is relatively little overall difference in the relationship 
between NAB and total ozone at “urban” versus “non-urban” locations within a given region/season. The within region 
differences are more subtle than the variability between regions.  Thus, we have combined the data at “urban” and “non-
urban” locations and examine NAB by region/season in this analysis.   
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above 55 ppb.   This is discussion is followed by an examination of similarities and differences in NAB 
predicted by the GEOS-Chem and CAMx modeling systems. 
 

3.1 General Regional and Seasonal Patterns of NAB 
 

Figure 3-1, Figure 3-2, and Figure 3-3 (provided at the end of this section) show the median NAB 
concentration for each region and season within each 5 ppb total ozone bin from each model.  These 
plots show that, in general for both modeling systems, NAB increases with increasing total ozone up to 
MDA8 values of approximately 55 to 60 ppb for all regions.  Above this concentration level, NAB does 
not vary significantly across the 5 ppb bins between 55-135 ppb during both the spring and summer.   
Because of this behavior, the relative “contribution” of NAB to total ozone decreases with increasing 
concentration, as illustrated in Figure 3-4for example.   
 

For each region, median NAB is higher in the spring compared to the summer.  Within a given 
region, the largest variations between seasons in NAB appear to be predicted when total ozone 
concentrations are below 55 to 60 ppb.  In terms of regional differences, NAB is higher in the West than 
in the North Central, Northeast, Southeast, and California.  Of all the regions, the lowest concentrations 
of NAB are predicted in the Northeast.    
 

Table 3-1 presents the modeled median, 75th percentile, and 95th percentile NAB concentrations 
based on the GEOS-Chem and CAMx modeling systems for days with predicted total ozone greater than 
or equal to 55 ppb.  These data indicate that NAB concentrations are similar in the North Central region 
and in the Southeast.  On days with predicted total ozone above 55 ppb in the spring, median NAB 
concentrations from GEOS-Chem and CAMx were 28 ppb and 33 ppb for the North Central region and 
30 ppb and 34 ppb for the Southeast, respectively.  The 75th percentile MDA8 NAB concentrations were 
about 4 to 5 ppb higher than the median values for the North Central region and Southeast with both 
models.  The 95th percentile spring NAB concentrations were estimated to be 40 ppb and 42 ppb for 
North Central, and 41 ppb and 45 ppb for the Southeast. As noted above, NAB concentrations were 
lower in the summer compared to the spring.  Specifically, median NAB concentrations in summer for 
the two models were 24 ppb and 33 ppb for the North Central region, and 29 ppb and 31 ppb for the 
Southeast. The corresponding 75th percentile NAB concentrations were 28 ppb and 36 ppb for the North 
Central region and 36 ppb and 34 ppb for the Southeast.  The 95th percentile NAB concentrations were 
estimated to be 39 ppb and 41 ppb for North Central and 44 ppb and 41 ppb for the Southeast. 

 
Among all the regions, the Northeast had the lowest spring and summer NAB concentrations for 

days when predicted total ozone was above 55 ppb.  In the spring, median NAB concentrations in this 
region were 23 ppb and 31 ppb for CAMx and GEOS-Chem, respectively.  The 75th percentile NAB 
concentrations were 3 ppb higher than the corresponding median values.  In the spring, 95th percentile 
NAB concentrations were estimated to be 33 ppb and 38 ppb in this region. Summer NAB values from 
both GEOS-Chem and CAMx were lower than in spring with summer values of 18 ppb and 29 ppb, 
respectively.  The summer 75th percentile NAB concentrations were 23 ppb and 32 ppb and the 95th 
percentile NAB concentrations were estimated to be 34 ppb and 36 ppb on days with total ozone above 
55 ppb.  
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Table 3-1. Modeled median, 75th and 95th percentile North American Background concentrations at 
monitoring site locations based on GEOS-Chem and CAMx for days with total ozone >= 55 ppb. 

 
Region 

Spring (GEOS-Chem/CAMx) Summer (GEOS-Chem/CAMx) 

Median 
(ppb) 

75th 
percentile 

(ppb)

95th 
percentile 

(ppb)

Median 
(ppb) 

75th 
percentile 

(ppb) 

95th 
percentile 

(ppb)

California 34/35 40/40 48/48 30/36 36/40 45/47 

North Central 28/33 33/37 40/42 24/33 28/36 39/41

Northeast 23/31 26/34 33/38 18/29 23/32 34/36

Southeast 30/34 34/38 41/45 29/31 36/34 44/41

 
West* 

All sites 44/43 47/48 52/55 41/41 46/46 54/52 
Low-

elevation 
sites 

43/41 46/44 51/51 40/39 45/44 52/52 

High-
elevation 

sites 
45/48 48/52 53/57 42/43 47/48 54/53 

*Excludes sites in California. 
 

Spring and summer median and 75th percentile NAB concentrations in California were higher than 
the corresponding values for the regions in the East.  Median NAB for GEOS-Chem and CAMx were 34 
ppb and 35 ppb in the spring, and 30 ppb and 36 ppb in the summer, respectively.  The 75th percentile 
NAB estimates were 40 ppb in the spring, and 36 ppb and 40 ppb in the summer for the two modeling 
systems.  The 95th percentile NAB concentrations in California were estimated to be 48 ppb in the spring 
and 45 ppb and 47 ppb in the summer.  

 
In the remainder of the West, where NAB levels are greater than in California, the median predicted 

spring NAB estimates are 44 ppb and 43 ppb and the 75th percentile NAB estimates are of 47 ppb and 48 
ppb for the two models, respectively.  The spring 95th percentile NAB concentrations are 52 ppb and 55 
ppb.  On summer days with total ozone above 55 ppb median NAB was 41 ppb and the 75th percentile 
NAB concentration was 46 ppb for both models in portions of the West outside of California.  For the 
95th percentile, NAB concentrations were estimated to be 54 ppb and 52 ppb, from GEOS-Chem and 
CAMx, respectively. 

 
As an additional analysis for the West, we examined the NAB concentrations predicted for high 

elevation monitoring sites (> 1500 m) versus NAB at low elevation sites (< 1500 m).  Consistent with 
the results reported by Zhang et al., 2011 and Emery et al., 2012, NAB was higher at higher elevations, 
compared to NAB low-elevation locations.  On days in the spring when total ozone was predicted to be 
above 55 ppb, median NAB from GEOS-Chem and CAMx at high-elevation locations were 45 ppb and 
48 ppb, compared to 43 ppb and 41 ppb at low-elevation locations.  The 75th percentile spring NAB 
concentrations at high-elevation and low elevation locations were 3 to 4 ppb higher than the 
corresponding median values. The 95th percentile spring NAB concentrations at high elevation locations 
were estimated to be 53 ppb and 57 ppb, compared to low elevation sites with a 95th percentile NAB 
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concentrations of 51 ppb. In the summer, NAB was also higher at high-elevation locations compared to 
NAB at low-elevations.   

3.2 Comparison of NAB Predictions from CAMx and GEOS-Chem 
 

With a few exceptions, the CAMx simulation tends to predict the same or higher NAB ozone as 
GEOS-Chem.  In all regions, the GEOS-Chem over predictions of low total ozone coincide with lower 
predicted NAB concentrations and fractions.  In the rest of the distribution, results are more regionally 
specific.   
 

In the West, NAB predicted by the two modeling systems agrees within 3 ppb, except on the 
summer days with the highest predicted total ozone (see Figure 3-1a,b).  On high total ozone days, 
CAMx and GEOS-Chem summer NAB concentrations diverge similar to their total concentrations.  
While total ozone from CAMx is higher than GEOS-Chem, the GEOS-Chem predicts higher NAB.  In 
the 80 to 85 ppb total ozone bin, GEOS-Chem NAB is 5 ppb higher than CAMx.  Figure 3-1c,d show 
that at lower total concentrations there are larger differences in NAB at high elevation than at low 
elevation. 
 

In California, the largest differences in NAB between the two modeling systems occurs in the 
summer (see Figure 3-2a,b).  In the summer, CAMx NAB concentrations are 4 to 9 ppb higher than 
those from GEOS-Chem when total ozone is at or above 50 ppb.  In contrast total ozone is higher in 
GEOS-Chem compared to CAMx, as seen in Error! Reference source not found.3b. However, in the 
pring, the greatest difference between the two modeling systems occurs between 30 and 35 ppb total 
ozone and is only 3 ppb.   

 
In the Southeast, the GEOS-Chem and CAMx NAB predictions are more similar in summer than in 

spring for most total ozone bins (see Figure c,d).  In spring, CAMx predicts higher NAB by 3 to 6 ppb 
for total ozone in the range of 50 to 75 ppb.   In summer, the largest model to model differences in NAB 
are predicted to occur between 45 and 75 ppb total ozone where GEOS-Chem is higher than CAMx by 
2.5 to 3.5 ppb. 

 
In the Northeast and North Central regions, NAB predictions are consistently higher from CAMx 

than from GEOS-Chem (see Figure 3-3).   In the spring, CAMx NAB is 3 to 5 ppb higher in the North 
Central region and 5 to 8 ppb higher in the Northeast.  The exception is when total ozone concentrations 
are between 35 and 50 ppb.  In the summer, differences between the two modeling systems are larger 
than in the spring.  Specifically, in the North Central region, CAMx NAB is 5 to 10 ppb higher than 
GEOS-Chem.  Similarly, CAMx NAB is 4 to 12 ppb higher than GEOS-Chem in the Northeast.  In the 
North Central region and the Northeast, the summer difference in NAB is highly correlated with model 
bias for total ozone.   
 

In summary, the two models largely agree on the magnitude of NAB concentrations.  In spring, 
only NAB concentrations in the North Central and Northeast regions differed by more than 5 ppb.  In 
the summer, California, North Central, and the Northeast regions all had discrepancies of more than 5 
ppb.  In general, the CAMx model tended to produce higher North American Background values.   
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Figure 3-1. North American Background ozone plotted as a function of total simulated ozone for the 
West region.  Median NAB for each 5 ppb bin is shown for GEOS-Chem (green) and CAMx (blue).  
Below the x-axis is a count of values in each bin for GEOS-Chem (top) and CAMx (bottom).   
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Figure 3-2. North American Background ozone plotted as a function of total simulated ozone in the 
Southeast and California regions.  Median NAB for each 5 ppb bin is shown for GEOS-Chem (green) 
and CAMx (blue).  Below the x-axis is a count of values in each bin for GEOS-Chem (top) and CAMx 
(bottom).   
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Figure 3-3. North American Background ozone plotted as a function of total simulated ozone for the 
North Central and Northeast regions.  Median NAB for each 5 ppb bin is shown for GEOS-Chem 
(green) and CAMx (blue).  Below the x-axis is a count of values in each bin for GEOS-Chem (top) and 
CAMx (bottom). 
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Figure 3-4. North American Background ozone plotted as a fraction of the corresponding total ozone for 
the Southeast region in summer.  Median NAB fraction for each 5 ppb total ozone bin is shown for 
GEOS-Chem (green) and CAMx (blue).  Below the x-axis is a count of values in each bin for GEOS-
Chem (top) and CAMx (bottom). 

4. Model Evaluation 
 

This study expands upon previous evaluations in the original studies by including measured data 
from CASTNet and AQS monitors in each region with a break-out of performance for the spring and 
summer seasons.  For each region and season, the evaluation is performed using time-unpaired 
parametric visual and statistical metrics.  The visual metric shown is the quantile-quantile (QQ) plot.  
The QQ plot shows predicted quantile (rank ordered values) as a function of observed quantiles.  The 
quantiles are selected based on the number of valid observations (no) for both observations and 
predictions (i.e. q = 1/no,…, no/no).    
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The QQ plots for each region/season for each model are shown in Figure 4-1, Figure 4-2, and 
Figure 4-3.  These figures indicate that both models tend to perform best in the West followed by 
California and the Southeast.  The CAMx modeling system also performed well compared to the 
performance of GEOS-Chem in the North Central and Northeast regions in spring.  Both models over 
predicted the distribution of the observed ozone in the North Central and Northeast regions in summer.  
In general the two models appear to agree in the middle of the distribution, but often disagree at the 
lower and upper-ends of the distribution.  Figure 4-1 (a,c,e), Figure 4-2 (a,c), and Figure 4-3 (a,c) show 
that there is a consistent pattern at the low end of observed distribution in the spring where GEOS-Chem 
predictions are consistently higher than CAMx and are high-biased compared to observations.  At the 
high-end of the distribution, Figure 4-1 (b,d,f), Figure 4-2 (b), and Figure 4-3 (b,c) show that CAMx 
predictions are consistently higher than GEOS-Chem and are high-biased compared to observations in 
summer for all regions. 
  

There are two major exceptions to these results.  The first is shown in Figure 4-3 (a,c) where CAMx 
predictions in spring are closer to the distribution of observations than GEOS-Chem.  The second 
exception is shown in Figure 4-2 (b) for California in summer when CAMx is higher than GEOS-Chem 
and high-biased throughout most of the distribution, except at the high-end of the distribution where 
GEOS-Chem has higher total ozone than CAMx, even though CAMx is still high-biased. 
 

In summary we found that the models agree relatively well between 30 and 90 ppb in most 
region/season combinations.  In the spring, the performance of the two models for the North Central and 
Northeast regions diverges with CAMx out performing GEOS-Chem.  This is an expected outcome that 
is likely the result of comparing larger horizontal grid cells to point observations.  Similar results can be 
seen in the difference between the models below 30 ppb.  At higher than 90 ppb, performance results 
were mixed depending on the season and region. 
 
 



13 
 

 
Figure 4-1. Predicted quantiles plotted as a function of the observed quantile for the West region. Each 
plot shows GEOS-Chem (green) and CAMx (blue) predictions and Pearson r-squared values. 
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Figure 4-2.  Predicted quantiles plotted as a function of the observed quantile for the California and 
Southeast regions.  Each plot shows GEOS-Chem (green) and CAMx (blue) predictions and Pearson r-
squared values. 
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Figure 4-3. Predicted quantiles plotted as a function of the observed quantile for North Central and 
Northeast regions.  Each plot shows GEOS-Chem (green) and CAMx (blue) predictions and Pearson r-
squared values.   
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6. Supplemental  
 

 
Figure 6-1. Ozone from North American Background plotted as a function of GEOS-Chem simulated 
total ozone in the West region.  Upper and lower caps show the 5th and 95th percentiles, the box bottom 
and tow show the 25th and 75th percentiles, and the center line shows the median value. Below the x-
axis, is a count of values in each 5 ppb bin. 
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Figure 6-2. Ozone from North American Background plotted as a function of GEOS-Chem simulated 
total ozone in the Southeast and California regions.  Upper and lower caps show the 5th and 95th 
percentiles, the box bottom and tow show the 25th and 75th percentiles, and the center line shows the 
median value. Below the x-axis, is a count of values in each 5 ppb bin. 
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Figure 6-3. Ozone from North American Background plotted as a function of GEOS-Chem simulated 
total ozone in the North Central and Northeast regions.  Upper and lower caps show the 5th and 95th 
percentiles, the box bottom and tow show the 25th and 75th percentiles, and the center line shows the 
median value.  Below the x-axis, is a count of values in each 5 ppb bin. 
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Figure 6-4. Ozone from North American Background plotted as a function of CAMx simulated total 
ozone in the West region.  Upper and lower caps show the 5th and 95th percentiles, the box bottom and 
tow show the 25th and 75th percentiles, and the center line shows the median value.  Below the x-axis, is 
a count of values in each 5 ppb bin. 
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Figure 6-5. Ozone from North American Background plotted as a function of CAMx simulated total 
ozone in the California and Southeast regions.  Upper and lower caps show the 5th and 95th percentiles, 
the box bottom and tow show the 25th and 75th percentiles, and the center line shows the median value.  
Below the x-axis, is a count of values in each 5 ppb bin. 
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Figure 6-6. Ozone from North American Background plotted as a function of CAMx simulated total 
ozone the North Central and Northeast regions.  Upper and lower caps show the 5th and 95th percentiles, 
the box bottom and tow show the 25th and 75th percentiles, and the center line shows the median value.  
Below the x-axis, is a count of values in each 5 ppb bin.  
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Table 6-1a.  Distribution of North American Background concentrations by total ozone bin for the West 
region in the spring from GEOS-Chem. 
 

Region: West Season: MAMC Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
0 15 20 N/A N/A N/A N/A N/A N/A N/A 
5 20 25 21 21 21 21 21 21 21 

38 25 30 17 19 21 23 23 25 26 
258 30 35 19 21 24 27 29 32 32 
843 35 40 19 25 29 32 33 35 37 

1941 40 45 21 28 32 34 36 39 43 
2831 45 50 22 31 35 38 40 42 49 
3829 50 55 21 34 38 41 43 46 50 
3287 55 60 25 36 41 43 46 50 54 
1978 60 65 31 35 40 44 48 53 59 
677 65 70 29 34 40 44 48 56 59 
169 70 75 33 35 40 45 50 56 58 
43 75 80 34 34 38 38 40 50 56 
22 80 85 35 35 38 48 48 53 53 
0 85 90 N/A N/A N/A N/A N/A N/A N/A 
0 90 95 N/A N/A N/A N/A N/A N/A N/A 
0 95 100 N/A N/A N/A N/A N/A N/A N/A 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
9745 0 55 17 28 34 37 41 44 50 
6176 >= 55 25 35 40 44 47 52 59 
2889 >= 60 29 35 40 44 48 54 59 
911 >= 65 29 34 40 44 48 56 59 
234 >= 70 33 34 40 45 49 56 58 
65 >= 75 34 34 38 38 48 53 56 
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Table 6-1b.  Distribution of North American Background concentrations by total ozone bin for the West 
region in the spring from CAMx. 
 

Region: West Season: MAMC Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
2 5 10 26 26 27 27 28 28 29 

14 10 15 22 23 24 27 28 30 32 
43 15 20 17 21 23 28 29 34 36 

125 20 25 16 21 25 27 30 35 39 
336 25 30 20 23 25 27 30 35 40 
978 30 35 21 24 28 30 32 36 44 

2009 35 40 20 27 31 33 35 38 48 
2920 40 45 21 30 34 36 38 41 48 
3536 45 50 20 32 36 40 42 45 53 
2774 50 55 21 33 38 42 45 49 55 
1737 55 60 23 33 39 43 48 53 60 
812 60 65 22 32 39 44 50 55 60 
412 65 70 22 32 39 44 51 58 63 
152 70 75 25 32 38 41 45 55 60 
48 75 80 27 34 38 39 47 50 50 
22 80 85 29 33 40 46 48 50 50 
0 85 90 N/A N/A N/A N/A N/A N/A N/A 
1 90 95 33 33 33 33 33 33 33 
0 95 100 N/A N/A N/A N/A N/A N/A N/A 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
12737 0 55 16 27 33 37 41 46 55 
3184 >= 55 22 32 39 43 48 55 63 
1447 >= 60 22 32 39 44 49 57 63 
635 >= 65 22 32 38 43 49 57 63 
223 >= 70 25 33 38 41 46 52 60 
71 >= 75 27 33 38 40 47 50 50 
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Table 6-1c.  Distribution of North American Background concentrations by total ozone bin for the West 
region in the summer from GEOS-Chem. 
 

Region: West Season: JJA Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 

11 10 15 9 9 10 11 12 14 14 
99 15 20 10 10 11 12 14 15 17 

241 20 25 10 12 13 15 17 19 21 
443 25 30 9 12 15 17 20 22 26 
605 30 35 11 14 17 20 23 26 31 
706 35 40 11 16 20 24 27 32 35 
897 40 45 11 17 25 28 32 36 39 

1329 45 50 12 23 29 34 37 40 46 
1712 50 55 17 26 33 36 40 44 47 
2472 55 60 15 28 35 38 42 46 53 
2821 60 65 17 31 37 41 45 50 56 
2572 65 70 17 30 37 43 47 53 59 
1411 70 75 19 33 37 43 51 57 61 
873 75 80 21 31 37 43 49 59 63 
332 80 85 30 30 34 45 49 57 63 
171 85 90 30 32 35 36 42 47 47 
122 90 95 30 30 36 39 39 43 47 
19 95 100 44 44 44 44 44 44 44 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
6043 0 55 9 14 21 29 35 41 47 

10793 >= 55 15 30 36 41 46 54 63 
8321 >= 60 17 31 37 42 47 54 63 
5500 >= 65 17 31 37 42 48 55 63 
2928 >= 70 19 32 37 42 49 57 63 
1517 >= 75 21 31 36 42 48 57 63 
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Table 6-1d.  Distribution of North American Background concentrations by total ozone bin for the West 
region in the summer from CAMx. 
 

Region: West Season: JJA Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

3 0 5 13.49 13.55 13.8 14.12 14.31 14.46 14.5 
6 5 10 14 14 14 16 17 18 18 

24 10 15 10 10 12 14 16 18 19 
109 15 20 9 10 13 15 16 19 30 
160 20 25 10 12 15 17 19 24 31 
274 25 30 11 13 17 19 22 25 31 
404 30 35 12 16 19 22 25 30 40 
457 35 40 14 17 22 25 30 34 38 
671 40 45 13 19 25 29 33 37 41 

1025 45 50 12 22 29 33 37 43 46 
2120 50 55 16 27 33 37 42 46 52 
2995 55 60 17 29 35 39 44 49 57 
2954 60 65 12 30 37 42 46 52 60 
2088 65 70 14 31 37 42 47 54 64 
1470 70 75 11 31 36 42 48 55 67 
885 75 80 15 30 36 40 46 55 68 
548 80 85 23 31 36 40 47 54 69 
308 85 90 19 32 36 38 45 50 77 
191 90 95 30 33 37 40 46 50 57 
94 95 100 25 31 35 38 41 49 55 
33 100 105 27 30 36 38 45 48 49 
9 105 110 23 26 37 38 43 53 56 
6 110 115 28 32 42 43 45 49 50 
1 115 120 42 42 42 42 42 42 42 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
1 125 130 21 21 21 21 21 21 21 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
5253 0 55 9 16 24 32 37 44 52 

11583 >= 55 11 30 36 41 46 52 77 
8588 >= 60 11 31 36 41 46 53 77 
5634 >= 65 11 31 36 41 47 54 77 
3546 >= 70 11 31 36 40 47 54 77 
2076 >= 75 15 31 36 40 46 54 77 
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Table 6-1e.  Distribution of North American Background concentrations by total ozone bin for the West 
region above 1500 m in the spring from GEOS-Chem. 
 

Region: 
West Above 
1500 m Season: MAMC Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
0 15 20 N/A N/A N/A N/A N/A N/A N/A 
0 20 25 N/A N/A N/A N/A N/A N/A N/A 
2 25 30 23 23 23 23 23 23 23 
9 30 35 22 23 23 26 27 29 30 

70 35 40 23 24 30 32 33 35 35 
282 40 45 26 29 32 34 37 38 40 
767 45 50 27 31 35 37 40 42 49 

1557 50 55 24 36 39 41 43 46 50 
1433 55 60 25 37 41 44 47 50 54 
900 60 65 32 36 42 45 50 54 59 
238 65 70 29 37 41 47 51 58 59 
45 70 75 38 39 49 50 51 58 58 
3 75 80 34 34 37 40 48 54 56 
1 80 85 48 48 48 48 48 48 48 
0 85 90 N/A N/A N/A N/A N/A N/A N/A 
0 90 95 N/A N/A N/A N/A N/A N/A N/A 
0 95 100 N/A N/A N/A N/A N/A N/A N/A 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
2687 0 55 22 32 36 39 42 45 50 
2620 >= 55 25 37 42 45 48 53 59 
1187 >= 60 29 37 42 46 50 55 59 
287 >= 65 29 37 41 48 51 58 59 
49 >= 70 34 38 47 50 51 58 58 
4 >= 75 34 35 38 44 50 55 56 
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Table 6-1f.  Distribution of North American Background concentrations by total ozone bin for the West 
region above 1500 m in the spring from CAMx. 
 

Region: 
West Above 
1500 m Season: MAMC Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
2 15 20 17 17 19 22 24 26 27 

23 20 25 16 20 22 25 29 35 35 
44 25 30 20 23 25 29 35 36 36 

185 30 35 23 25 29 31 34 38 43 
464 35 40 26 29 32 34 36 42 44 
910 40 45 24 30 34 37 39 42 47 

1267 45 50 28 33 38 41 42 46 53 
1142 50 55 31 36 41 44 46 49 53 
765 55 60 33 39 43 47 50 54 60 
324 60 65 30 41 46 49 54 58 60 
142 65 70 30 42 46 51 55 60 63 
36 70 75 35 40 44 48 52 59 60 
1 75 80 43 43 43 43 43 43 43 
2 80 85 37 38 40 44 47 49 50 
0 85 90 N/A N/A N/A N/A N/A N/A N/A 
0 90 95 N/A N/A N/A N/A N/A N/A N/A 
0 95 100 N/A N/A N/A N/A N/A N/A N/A 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
4037 0 55 16 30 35 39 43 47 53 
1270 >= 55 30 39 44 48 52 57 63 
505 >= 60 30 41 46 49 54 59 63 
181 >= 65 30 41 45 50 55 60 63 
39 >= 70 35 37 44 47 51 59 60 
3 >= 75 37 38 40 43 47 49 50 
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Table 6-1g.  Distribution of North American Background concentrations by total ozone bin for the West 
region above 1500 m in the summer from GEOS-Chem. 
 

Region: 
West Above 
1500 m Season: JJA Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
2 15 20 11 11 12 13 14 14 14 
6 20 25 14 14 14 15 16 17 17 

10 25 30 13 13 15 16 18 21 22 
27 30 35 14 14 16 19 24 26 26 
73 35 40 13 18 24 28 30 33 35 

174 40 45 16 24 29 31 35 37 39 
315 45 50 19 25 30 34 37 42 46 
624 50 55 17 28 33 37 41 44 47 

1014 55 60 15 30 37 40 43 47 53 
1214 60 65 23 31 38 41 46 50 56 
1075 65 70 17 32 39 44 49 53 59 
626 70 75 28 34 40 46 52 58 61 
340 75 80 21 34 40 47 54 62 62 
105 80 85 34 37 40 48 54 61 63 

3 85 90 32 33 35 38 41 43 44 
4 90 95 42 42 42 42 43 43 43 
0 95 100 N/A N/A N/A N/A N/A N/A N/A 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
1231 0 55 11 23 30 35 39 43 47 
4381 >= 55 15 32 38 42 47 54 63 
3367 >= 60 17 32 39 43 48 55 63 
2153 >= 65 17 33 39 45 50 57 63 
1078 >= 70 21 34 40 46 53 59 63 
452 >= 75 21 35 40 47 54 62 63 
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Table 6-1h.  Distribution of North American Background concentrations by total ozone bin for the West 
region above 1500 m in the summer from CAMx. 
 

Region: 
West Above 
1500 m Season: JJA Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
3 15 20 30 30 30 30 30 30 30 
5 20 25 17 18 20 21 31 31 31 
7 25 30 19 19 22 24 26 30 31 

30 30 35 23 25 29 30 31 33 33 
46 35 40 22 25 29 30 32 34 38 

107 40 45 23 26 29 32 35 38 38 
248 45 50 25 28 31 36 39 43 46 
835 50 55 24 30 34 38 42 47 50 

1300 55 60 25 31 36 40 45 50 57 
1180 60 65 25 32 38 43 48 53 60 
827 65 70 27 34 39 44 49 55 64 
513 70 75 26 34 39 43 49 55 67 
252 75 80 29 34 40 44 48 53 68 
117 80 85 31 34 38 46 50 54 64 
68 85 90 31 34 40 46 49 51 51 
38 90 95 37 38 45 49 49 51 53 
17 95 100 40 41 44 46 49 51 54 
11 100 105 43 43 45 46 47 48 49 
2 105 110 43 44 45 47 48 49 50 
5 110 115 41 42 43 43 45 49 50 
1 115 120 42 42 42 42 42 42 42 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
1281 0 55 17 28 32 36 40 46 50 
4331 >= 55 25 32 38 43 48 53 68 
3031 >= 60 25 33 39 44 49 54 68 
1851 >= 65 26 34 39 44 49 54 68 
1024 >= 70 26 34 39 45 49 54 68 
511 >= 75 29 34 40 45 49 53 68 
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Table 6-1i.  Distribution of North American Background concentrations  by total ozone bin for the West 
region below 1500 m in the spring from GEOS-Chem. 
 

Region: 
West Below 
1500 m Season: MAMC Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
0 15 20 N/A N/A N/A N/A N/A N/A N/A 
5 20 25 21 21 21 21 21 21 21 

36 25 30 17 19 21 22 24 26 26 
249 30 35 19 21 24 27 29 32 32 
773 35 40 19 25 29 31 33 35 37 

1659 40 45 21 28 31 34 36 39 43 
2064 45 50 22 31 35 38 39 42 49 
2272 50 55 21 33 38 40 43 46 49 
1854 55 60 25 36 40 43 46 49 54 
1078 60 65 31 35 39 42 46 51 58 
439 65 70 29 34 38 43 46 54 59 
124 70 75 33 35 40 45 47 56 56 
40 75 80 34 34 38 38 40 49 56 
21 80 85 35 35 38 48 48 53 53 
0 85 90 N/A N/A N/A N/A N/A N/A N/A 
0 90 95 N/A N/A N/A N/A N/A N/A N/A 
0 95 100 N/A N/A N/A N/A N/A N/A N/A 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
7058 0 55 17 27 33 36 40 44 49 
3556 >= 55 25 34 39 43 46 51 59 
1702 >= 60 29 34 39 43 46 54 59 
624 >= 65 29 34 38 43 46 54 59 
185 >= 70 33 34 38 44 47 56 56 
61 >= 75 34 34 38 38 48 53 56 
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Table 6-1j.  Distribution of North American Background concentrations by total ozone bin for the West 
region below 1500 m in the spring from CAMx. 
 

Region: 
West Below 
1500 m Season: MAMC Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
2 5 10 26 26 27 27 28 28 29 

14 10 15 22 23 24 27 28 30 32 
41 15 20 20 21 23 28 29 34 36 

102 20 25 19 22 26 28 30 35 39 
292 25 30 21 23 25 27 30 34 40 
793 30 35 21 24 27 29 32 35 44 

1545 35 40 20 26 30 33 35 37 48 
2010 40 45 21 29 33 36 38 41 48 
2269 45 50 20 31 35 39 41 45 50 
1632 50 55 21 32 37 41 43 48 55 
972 55 60 23 31 37 41 44 50 54 
488 60 65 22 31 37 41 44 52 59 
270 65 70 22 30 37 40 45 56 60 
116 70 75 25 30 38 39 43 47 55 
47 75 80 27 34 38 39 47 50 50 
20 80 85 29 32 40 46 48 49 50 
0 85 90 N/A N/A N/A N/A N/A N/A N/A 
1 90 95 33 33 33 33 33 33 33 
0 95 100 N/A N/A N/A N/A N/A N/A N/A 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
8700 0 55 19 26 32 36 40 45 55 
1914 >= 55 22 31 37 41 44 51 60 
942 >= 60 22 31 37 40 44 53 60 
454 >= 65 22 30 38 40 45 55 60 
184 >= 70 25 31 38 39 44 50 55 
68 >= 75 27 33 38 40 47 50 50 
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Table 6-1k.  Distribution of North American Background concentrations by total ozone bin for the West 
region below 1500 m in the summer from GEOS-Chem. 
 

Region: 
West Below 
1500 m Season: JJA Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 

11 10 15 9 9 10 11 12 14 14 
97 15 20 10 10 11 12 14 15 17 

235 20 25 10 12 13 15 17 19 21 
433 25 30 9 12 15 17 20 22 26 
578 30 35 11 14 17 20 23 27 31 
633 35 40 11 16 20 24 27 31 35 
723 40 45 11 17 23 27 31 36 39 

1014 45 50 12 23 28 33 37 40 45 
1088 50 55 17 25 32 36 39 44 47 
1458 55 60 15 26 33 37 40 45 51 
1607 60 65 17 30 36 41 45 50 54 
1497 65 70 17 30 36 41 46 53 59 
785 70 75 19 32 36 42 50 56 61 
533 75 80 21 31 36 40 47 55 63 
227 80 85 30 30 34 44 48 53 58 
168 85 90 30 32 35 36 42 47 47 
118 90 95 30 30 36 39 39 43 47 
19 95 100 44 44 44 44 44 44 44 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
4812 0 55 9 13 20 27 34 40 47 
6412 >= 55 15 29 35 40 45 52 63 
4954 >= 60 17 30 36 41 46 53 63 
3347 >= 65 17 30 36 41 47 54 63 
1850 >= 70 19 31 35 41 47 55 63 
1065 >= 75 21 30 35 40 46 53 63 
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Table 6-1l.  Distribution of North American Background concentrations by total ozone bin for the West 
region below 1500 m in the summer from CAMx. 
 

Region: 
West Below 
1500 m Season: JJA Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

3 0 5 13.49 13.55 13.8 14.12 14.31 14.46 14.5 
6 5 10 14 14 14 16 17 18 18 

24 10 15 10 10 12 14 16 18 19 
106 15 20 9 10 13 14 16 18 28 
155 20 25 10 11 15 17 19 23 28 
267 25 30 11 13 17 19 22 25 27 
374 30 35 12 16 19 21 25 28 40 
411 35 40 14 17 22 25 29 33 38 
564 40 45 13 19 24 28 32 37 41 
777 45 50 12 21 28 33 37 42 45 

1285 50 55 16 25 32 36 41 46 52 
1695 55 60 17 27 34 38 43 47 54 
1774 60 65 12 29 36 40 45 50 56 
1261 65 70 14 30 36 41 46 52 60 
957 70 75 11 29 35 41 47 56 64 
633 75 80 15 29 35 39 44 57 68 
431 80 85 23 31 35 39 43 53 69 
240 85 90 19 31 35 37 42 49 77 
153 90 95 30 32 36 38 43 48 57 
77 95 100 25 30 35 37 38 46 55 
22 100 105 27 27 35 37 38 39 48 
7 105 110 23 25 33 38 38 50 56 
1 110 115 28 28 28 28 28 28 28 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
1 125 130 21 21 21 21 21 21 21 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
3972 0 55 9 15 22 29 36 43 52 
7252 >= 55 11 29 35 39 44 52 77 
5557 >= 60 11 29 35 40 45 53 77 
3783 >= 65 11 30 35 40 45 54 77 
2522 >= 70 11 30 35 39 45 55 77 
1565 >= 75 15 30 35 38 43 54 77 
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Table 6-1m.  Distribution of North American Background concentrations by total ozone bin for the 
California region in the spring from GEOS-Chem. 
 

Region: California Season: MAMC Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
0 15 20 N/A N/A N/A N/A N/A N/A N/A 

22 20 25 17 19 19 19 20 20 21 
111 25 30 18 20 21 24 25 27 27 
658 30 35 16 21 25 27 29 31 34 

2189 35 40 18 23 28 31 33 35 37 
3876 40 45 15 25 31 34 36 39 41 
3907 45 50 15 24 32 36 39 41 45 
2168 50 55 16 22 30 36 39 44 49 
1358 55 60 15 23 30 35 42 48 54 
724 60 65 18 21 27 35 40 49 56 
402 65 70 18 24 29 34 38 48 55 
273 70 75 16 21 25 33 40 47 56 
171 75 80 18 20 23 30 36 45 48 
86 80 85 20 20 22 24 32 40 55 
53 85 90 19 19 22 29 40 46 46 
47 90 95 27 27 28 31 33 39 40 
32 95 100 22 22 22 27 35 47 47 
17 100 105 23 23 28 28 29 29 29 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
1 115 120 27 27 27 27 27 27 27 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
12931 0 55 15 23 30 34 37 41 49 
3164 >= 55 15 21 27 34 40 48 56 
1806 >= 60 16 21 26 33 39 47 56 
1082 >= 65 16 21 25 32 38 47 56 
680 >= 70 16 20 23 29 37 45 56 
407 >= 75 18 20 23 28 35 45 55 
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Table 6-1n.  Distribution of North American Background concentrations by total ozone bin for the 
California region in the spring from CAMx. 
 

Region: California Season: MAMC Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

2 0 5 27 27 28 29 31 32 32 
26 5 10 21 22 25 27 31 36 37 
81 10 15 21 22 26 28 33 35 40 

124 15 20 20 22 27 29 31 35 40 
325 20 25 21 23 26 30 33 37 41 
795 25 30 21 25 27 30 33 37 42 

1867 30 35 18 26 29 31 33 37 43 
2857 35 40 18 26 31 33 35 37 45 
3066 40 45 19 27 32 35 37 40 46 
2500 45 50 19 26 32 36 39 43 48 
1749 50 55 19 26 31 36 40 46 51 
1057 55 60 19 26 31 35 41 49 57 
693 60 65 21 26 31 35 41 47 56 
406 65 70 20 25 30 34 39 46 55 
264 70 75 21 26 31 35 40 46 53 
137 75 80 21 25 29 33 40 46 48 
79 80 85 23 27 30 34 38 44 46 
47 85 90 23 24 29 33 40 42 48 
14 90 95 24 25 29 31 35 39 41 
6 95 100 25 25 28 30 31 39 42 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
13392 0 55 18 25 30 33 36 42 51 
2703 >= 55 19 26 31 35 40 48 57 
1646 >= 60 20 25 30 35 40 46 56 
953 >= 65 20 25 30 34 40 46 55 
547 >= 70 21 25 30 34 40 45 53 
283 >= 75 21 25 30 33 39 45 48 
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Table 6-1o.  Distribution of North American Background concentrations by total ozone bin for the 
California region in the summer from GEOS-Chem. 
 

Region: California Season: JJA Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
3 10 15 11 11 11 11 11 11 11 

129 15 20 8 8 10 12 14 16 18 
468 20 25 8 9 11 14 16 19 21 
845 25 30 7 11 13 16 18 22 26 

1049 30 35 9 12 16 18 22 27 32 
1334 35 40 9 14 17 21 24 30 35 
1458 40 45 11 14 19 23 28 36 42 
1612 45 50 9 15 21 26 31 39 45 
1615 50 55 11 16 22 27 33 39 48 
1736 55 60 10 16 24 29 36 43 52 
1549 60 65 13 17 24 31 37 45 52 
1396 65 70 14 17 24 30 36 46 54 
957 70 75 13 18 26 30 37 46 54 
727 75 80 13 16 24 29 35 47 61 
481 80 85 15 18 24 31 38 47 52 
321 85 90 11 17 23 28 34 45 51 
274 90 95 13 21 25 32 38 47 55 
171 95 100 18 19 26 31 39 46 57 
152 100 105 12 12 23 29 33 48 49 
181 105 110 15 17 21 28 34 38 47 
123 110 115 13 14 23 25 35 38 38 
154 115 120 16 16 27 31 36 38 45 
40 120 125 22 25 25 26 27 29 29 

100 125 130 12 12 19 24 29 34 34 
36 130 135 22 22 27 29 32 33 33 

109 135 N/A 15 15 19 24 29 42 42 
                    

8513 0 55 7 12 17 22 27 36 48 
8507 >= 55 10 17 24 30 36 45 61 
6771 >= 60 11 17 24 30 36 46 61 
5222 >= 65 11 17 24 30 36 46 61 
3826 >= 70 11 16 24 29 36 46 61 
2869 >= 75 11 16 24 29 35 46 61 
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Table 6-1p.  Distribution of North American Background concentrations by total ozone bin for the 
California region in the summer from CAMx. 
 

Region: California Season: JJA Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
1 5 10 13 13 13 13 13 13 13 

14 10 15 10 10 12 13 16 20 22 
73 15 20 10 11 13 15 17 20 26 

179 20 25 9 11 14 16 18 21 25 
297 25 30 10 14 17 19 21 24 34 
527 30 35 12 16 19 21 24 28 37 
645 35 40 12 17 20 23 26 33 40 
876 40 45 13 18 23 26 29 35 42 

1188 45 50 13 20 25 28 32 39 45 
1599 50 55 15 22 27 31 35 43 49 
1883 55 60 16 24 29 33 38 47 54 
1975 60 65 17 24 30 34 39 48 59 
1859 65 70 16 25 31 36 40 48 63 
1476 70 75 18 25 32 36 40 48 60 
1206 75 80 17 26 32 37 41 48 67 
974 80 85 20 27 33 37 41 46 57 
758 85 90 17 26 33 37 40 46 56 
443 90 95 22 27 32 36 40 46 51 
390 95 100 24 26 32 36 40 45 51 
231 100 105 24 28 32 37 40 45 51 
164 105 110 24 28 33 37 41 45 51 
105 110 115 26 28 32 37 40 46 51 
53 115 120 26 28 31 37 40 44 45 
35 120 125 28 29 33 38 41 44 45 
22 125 130 30 31 32 37 41 45 49 
13 130 135 34 34 36 40 41 44 44 
34 135 N/A 28 34 37 39 41 44 47 

                    
5399 0 55 9 16 22 26 31 39 49 

11621 >= 55 16 25 31 36 40 47 67 
9738 >= 60 16 26 32 36 40 47 67 
7763 >= 65 16 26 32 36 40 47 67 
5904 >= 70 17 26 32 37 40 46 67 
4428 >= 75 17 27 33 37 41 46 67 
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Table 6-1q.  Distribution of North American Background concentrations by total ozone bin for the 
Southeast region in the spring from GEOS-Chem. 
 

Region: Southeast Season: MAMC Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
0 15 20 N/A N/A N/A N/A N/A N/A N/A 
4 20 25 15 15 15 17 19 19 19 

41 25 30 14 17 20 21 22 26 26 
298 30 35 10 12 19 21 24 28 30 

1186 35 40 12 18 22 26 28 32 36 
3562 40 45 12 19 25 28 31 35 40 
7057 45 50 11 19 25 29 32 36 46 
7754 50 55 11 19 25 30 33 39 49 
5639 55 60 12 19 25 30 34 41 54 
3130 60 65 14 20 26 30 35 42 54 
1422 65 70 18 22 27 31 35 41 56 
533 70 75 19 23 27 31 34 42 52 
182 75 80 21 23 26 30 32 35 45 
58 80 85 28 28 30 32 33 38 38 
16 85 90 23 23 25 26 29 29 29 
2 90 95 32 32 32 32 32 32 32 
1 95 100 29 29 29 29 29 29 29 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
19902 0 55 10 19 25 28 32 37 49 
10983 >= 55 12 20 26 30 34 41 56 
5344 >= 60 14 21 26 30 35 42 56 
2214 >= 65 18 22 27 30 34 41 56 
792 >= 70 19 23 27 30 33 41 52 
259 >= 75 21 23 27 30 32 36 45 
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Table 6-1r.  Distribution of North American Background concentrations by total ozone bin for the 
Southeast region in the spring from CAMx. 
 

Region: Southeast Season: MAMC Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

3 0 5 25 25 25 25 25 25 25 
3 5 10 25 25 25 25 27 29 30 

25 10 15 20 20 22 24 25 30 31 
37 15 20 17 19 23 26 28 31 31 

136 20 25 15 17 20 23 27 32 44 
306 25 30 15 18 21 23 27 34 43 
757 30 35 15 19 22 25 28 33 38 

1772 35 40 16 21 25 28 30 34 45 
3378 40 45 16 23 27 29 32 37 49 
5161 45 50 17 24 28 31 34 39 48 
6111 50 55 15 24 29 32 36 42 51 
5493 55 60 18 25 30 33 37 43 54 
3901 60 65 18 26 31 34 38 45 57 
2171 65 70 21 26 31 35 40 46 63 
988 70 75 22 27 31 36 41 51 65 
436 75 80 23 27 31 36 41 56 65 
131 80 85 23 28 31 35 40 50 66 
55 85 90 23 26 32 37 41 43 45 
16 90 95 25 26 29 35 38 43 44 
4 95 100 28 28 29 30 33 35 36 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
1 105 110 31 31 31 31 31 31 31 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
17689 0 55 15 22 27 30 34 40 51 
13196 >= 55 18 25 30 34 38 45 66 
7703 >= 60 18 26 31 35 39 46 66 
3802 >= 65 21 26 31 35 40 48 66 
1631 >= 70 22 27 31 36 41 52 66 
643 >= 75 23 27 31 36 41 55 66 
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Table 6-1s.  Distribution of North American Background concentrations by total ozone bin for the 
Southeast region in the summer from GEOS-Chem. 
 

Region: Southeast Season: JJA Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
0 15 20 N/A N/A N/A N/A N/A N/A N/A 

30 20 25 18 18 19 20 20 23 23 
177 25 30 15 17 19 22 23 26 28 
511 30 35 9 16 21 24 26 30 33 
952 35 40 9 17 21 25 29 33 36 

1895 40 45 9 16 22 26 30 35 40 
3050 45 50 8 14 20 25 30 36 43 
4961 50 55 8 14 20 26 32 38 49 
5629 55 60 8 15 21 26 33 41 55 
5136 60 65 9 16 21 28 35 44 56 
3840 65 70 10 16 23 30 36 45 61 
2759 70 75 12 17 23 30 38 49 61 
1569 75 80 10 18 25 32 38 46 63 
962 80 85 12 16 24 32 37 44 57 
587 85 90 12 17 24 31 36 44 52 
357 90 95 16 19 23 30 38 44 45 
161 95 100 18 18 21 28 36 41 47 
48 100 105 13 13 20 26 32 34 36 
23 105 110 18 18 21 30 30 31 32 
5 110 115 21 21 21 21 21 22 23 
6 115 120 18 19 21 21 24 26 26 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
2 130 135 19 19 19 20 21 22 22 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
11576 0 55 8 14 20 25 30 36 49 
21084 >= 55 8 16 22 29 36 44 63 
15455 >= 60 9 16 23 30 36 45 63 
10319 >= 65 10 17 23 30 37 46 63 
6479 >= 70 10 17 24 31 37 46 63 
3720 >= 75 10 17 24 31 37 45 63 
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Table 6-1t.  Distribution of North American Background concentrations by total ozone bin for the 
Southeast region in the summer from CAMx. 
 

Region: Southeast Season: JJA Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

20 0 5 16 17 17 21 23 23 25 
17 5 10 17 17 17 18 23 26 26 
31 10 15 14 17 18 22 26 26 27 
54 15 20 14 16 18 21 26 37 37 

153 20 25 14 17 19 21 25 29 39 
347 25 30 14 17 20 21 24 28 39 
703 30 35 16 18 21 24 26 29 40 

1072 35 40 16 19 23 25 28 32 39 
1486 40 45 15 20 23 26 30 34 42 
1995 45 50 15 20 24 28 31 37 45 
2446 50 55 15 21 25 28 32 38 47 
3577 55 60 14 21 26 30 34 40 52 
4646 60 65 14 22 27 30 34 41 53 
4983 65 70 15 23 27 31 35 40 53 
4167 70 75 15 23 28 31 35 41 63 
2977 75 80 15 23 27 31 34 41 53 
1753 80 85 17 23 28 31 35 41 55 
1038 85 90 17 23 28 31 34 41 53 
552 90 95 18 23 28 31 34 42 48 
288 95 100 16 22 28 31 33 41 48 
154 100 105 19 24 27 30 33 39 46 
93 105 110 18 23 27 29 33 40 42 
56 110 115 19 22 27 29 33 40 47 
26 115 120 19 23 27 29 32 42 45 
11 120 125 23 23 26 28 30 32 34 
4 125 130 22 23 23 26 30 30 30 
7 130 135 21 22 26 29 31 32 32 
4 135 N/A 22 23 25 27 29 30 31 

                    
8324 0 55 14 19 23 26 30 36 47 

24336 >= 55 14 22 27 31 34 41 63 
20759 >= 60 14 23 27 31 35 41 63 
16113 >= 65 15 23 27 31 35 41 63 
11130 >= 70 15 23 28 31 35 41 63 
6963 >= 75 15 23 28 31 34 41 55 
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Table 6-1u.  Distribution of North American Background concentrations by total ozone bin for the North 
Central region in the spring from GEOS-Chem. 
 

Region: 
North 
Central Season: MAMC Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
3 15 20 11 11 12 12 12 12 12 

31 20 25 16 17 18 19 22 25 26 
237 25 30 15 17 19 21 22 28 30 
857 30 35 10 17 20 23 28 30 33 

2325 35 40 12 17 23 27 30 33 35 
5956 40 45 12 18 25 31 34 36 40 
8562 45 50 11 18 26 32 36 39 43 
5574 50 55 12 18 24 29 35 40 46 
2904 55 60 14 20 24 28 33 40 47 
940 60 65 17 21 25 29 33 40 48 
186 65 70 18 22 27 29 31 35 40 

4 70 75 29 29 29 29 29 29 29 
0 75 80 N/A N/A N/A N/A N/A N/A N/A 
0 80 85 N/A N/A N/A N/A N/A N/A N/A 
0 85 90 N/A N/A N/A N/A N/A N/A N/A 
0 90 95 N/A N/A N/A N/A N/A N/A N/A 
0 95 100 N/A N/A N/A N/A N/A N/A N/A 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
23545 0 55 10 18 24 30 34 38 46 
4034 >= 55 14 20 24 28 33 40 48 
1130 >= 60 17 21 25 29 33 40 48 
190 >= 65 18 22 27 29 31 35 40 

4 >= 70 29 29 29 29 29 29 29 
0 >= 75 N/A N/A N/A N/A N/A N/A N/A 
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Table 6-1v.  Distribution of North American Background concentrations by total ozone bin for the North 
Central region in the spring from CAMx. 
 

Region: 
North 
Central Season: MAMC Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

6 0 5 19 21 28 28 30 30 30 
23 5 10 12 16 18 20 25 30 30 

120 10 15 8 12 17 21 25 29 30 
282 15 20 9 13 18 23 26 30 35 
648 20 25 10 15 19 23 27 30 36 

1559 25 30 12 16 21 24 27 32 41 
3144 30 35 13 19 23 26 29 32 46 
4616 35 40 15 21 26 29 31 34 45 
4413 40 45 15 22 27 30 33 37 46 
3868 45 50 17 23 28 32 35 39 47 
3123 50 55 18 25 29 32 36 40 48 
2830 55 60 20 26 30 33 36 41 51 
1872 60 65 21 27 31 34 37 42 57 
761 65 70 21 27 31 34 39 44 59 
229 70 75 24 27 32 36 40 49 52 
67 75 80 28 29 33 36 39 46 49 
17 80 85 27 29 32 33 38 42 44 
0 85 90 N/A N/A N/A N/A N/A N/A N/A 
0 90 95 N/A N/A N/A N/A N/A N/A N/A 
1 95 100 88 88 88 88 88 88 88 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
21802 0 55 8 20 25 29 32 37 48 
5777 >= 55 20 26 31 33 37 42 88 
2947 >= 60 21 27 31 34 38 43 88 
1075 >= 65 21 28 32 35 39 45 88 
314 >= 70 24 28 32 35 40 48 88 
85 >= 75 27 29 32 35 39 46 88 
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Table 6-1w.  Distribution of North American Background concentrations by total ozone bin for the 
North Central region in the summer from GEOS-Chem. 
 

Region: 
North 
Central Season: JJA Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
6 15 20 11 11 13 15 15 16 16 

135 20 25 11 13 15 18 19 21 23 
395 25 30 11 14 18 20 22 24 27 
774 30 35 9 15 19 21 24 28 32 

1351 35 40 8 15 19 22 25 30 36 
2064 40 45 8 15 19 23 26 31 36 
2994 45 50 7 14 19 23 27 33 39 
3710 50 55 7 14 19 23 27 35 43 
4137 55 60 7 14 19 23 27 37 49 
4205 60 65 8 15 20 23 28 39 56 
3847 65 70 8 15 20 24 29 41 57 
2656 70 75 10 15 20 24 28 40 62 
1579 75 80 11 16 20 24 30 41 56 
744 80 85 11 17 21 25 30 39 48 
377 85 90 10 17 21 25 30 37 45 
89 90 95 18 19 22 28 30 41 49 
58 95 100 19 19 21 25 29 38 38 
29 100 105 19 19 21 24 26 41 41 
14 105 110 22 22 24 26 32 34 34 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
11429 0 55 7 14 19 22 26 33 43 
17735 >= 55 7 15 20 24 28 39 62 
13598 >= 60 8 15 20 24 29 40 62 
9393 >= 65 8 16 20 24 29 40 62 
5546 >= 70 10 16 20 24 29 40 62 
2890 >= 75 10 17 21 24 30 40 56 
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Table 6-1x.  Distribution of North American Background concentrations by total ozone bin for the North 
Central region in the summer from CAMx. 
 

Region: 
North 
Central Season: JJA Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

2 0 5 19 19 19 19 19 19 19 
5 5 10 21 21 21 25 25 26 26 
3 10 15 18 19 21 24 24 25 25 

24 15 20 13 14 20 23 25 29 34 
81 20 25 15 16 19 23 28 32 35 

263 25 30 15 17 20 23 26 32 35 
643 30 35 15 19 23 25 27 31 37 

1341 35 40 16 20 24 26 29 33 39 
1991 40 45 16 21 25 29 32 36 42 
2608 45 50 17 22 26 29 33 37 45 
3011 50 55 17 22 27 30 34 39 48 
3402 55 60 18 24 28 31 34 39 49 
3897 60 65 17 25 29 32 36 41 51 
4089 65 70 18 26 30 32 36 41 56 
3289 70 75 21 27 31 33 36 42 55 
2146 75 80 20 28 31 34 37 42 51 
1156 80 85 22 28 31 34 37 42 49 
581 85 90 23 28 32 34 37 41 55 
304 90 95 25 29 32 35 38 42 45 
155 95 100 23 28 31 35 38 43 45 
86 100 105 24 27 31 34 37 41 45 
45 105 110 22 25 31 34 37 43 44 
23 110 115 27 28 31 33 35 40 44 
8 115 120 32 32 32 34 35 39 41 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
7 125 130 26 28 33 39 39 40 41 
2 130 135 34 35 36 38 39 41 41 
2 135 N/A 33 33 33 33 33 33 33 

                    
9972 0 55 13 21 25 29 32 37 48 

19192 >= 55 17 26 30 33 36 41 56 
15790 >= 60 17 26 30 33 36 41 56 
11893 >= 65 18 27 31 33 36 42 56 
7804 >= 70 20 27 31 33 37 42 55 
4515 >= 75 20 28 31 34 37 42 55 
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Table 6-1y.  Distribution of North American Background concentrations by total ozone bin for the 
Northeast region in the spring from GEOS-Chem. 
 

Region: Northeast Season: MAMC Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
0 10 15 N/A N/A N/A N/A N/A N/A N/A 
6 15 20 15 15 15 15 15 16 16 

26 20 25 15 15 16 17 19 19 19 
176 25 30 13 15 18 19 21 25 26 
734 30 35 9 15 19 22 26 30 34 

2152 35 40 10 17 23 28 32 34 37 
7203 40 45 9 20 28 32 34 37 40 
5584 45 50 9 18 25 31 35 38 41 
2737 50 55 9 16 21 25 30 36 41 
1290 55 60 11 16 19 23 27 33 39 
531 60 65 13 16 21 23 26 33 36 
123 65 70 13 17 21 22 24 29 29 
45 70 75 19 19 21 24 26 26 26 
8 75 80 23 23 23 23 24 25 25 
4 80 85 24 24 24 24 24 24 24 
0 85 90 N/A N/A N/A N/A N/A N/A N/A 
0 90 95 N/A N/A N/A N/A N/A N/A N/A 
0 95 100 N/A N/A N/A N/A N/A N/A N/A 
0 100 105 N/A N/A N/A N/A N/A N/A N/A 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
18618 0 55 9 18 24 30 34 37 41 
2001 >= 55 11 16 20 23 26 33 39 
711 >= 60 13 17 21 23 26 33 36 
180 >= 65 13 18 21 23 25 29 29 
57 >= 70 19 19 23 24 25 26 26 
12 >= 75 23 23 23 24 24 25 25 
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Table 6-1z.  Distribution of North American Background concentrations by total ozone bin for the 
Northeast region in the spring from CAMx. 
 

Region: Northeast Season: MAMC Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

7 0 5 23 24 28 29 30 30 30 
28 5 10 13 16 19 24 30 31 31 
54 10 15 12 13 15 22 29 31 32 

112 15 20 12 14 18 24 29 31 34 
328 20 25 12 16 19 25 29 33 35 
853 25 30 13 17 21 25 28 32 36 

2270 30 35 15 20 25 27 29 33 36 
3649 35 40 16 22 26 29 32 34 39 
3670 40 45 16 22 27 31 33 35 41 
2853 45 50 17 22 27 31 34 37 42 
2399 50 55 17 22 28 31 34 38 49 
1689 55 60 18 23 28 30 34 38 48 
1288 60 65 19 24 28 31 34 37 48 
798 65 70 19 24 28 31 34 37 46 
369 70 75 20 24 28 31 35 39 42 
172 75 80 21 25 29 32 35 39 41 
49 80 85 23 25 29 33 35 39 40 
23 85 90 20 22 27 34 35 36 38 
5 90 95 30 31 32 33 34 35 36 
1 95 100 20 20 20 20 20 20 20 
2 100 105 20 20 21 22 23 24 24 
0 105 110 N/A N/A N/A N/A N/A N/A N/A 
0 110 115 N/A N/A N/A N/A N/A N/A N/A 
0 115 120 N/A N/A N/A N/A N/A N/A N/A 
0 120 125 N/A N/A N/A N/A N/A N/A N/A 
0 125 130 N/A N/A N/A N/A N/A N/A N/A 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
16223 0 55 12 21 26 29 32 36 49 
4396 >= 55 18 23 28 31 34 38 48 
2707 >= 60 19 24 28 31 34 38 48 
1419 >= 65 19 24 28 31 34 38 46 
621 >= 70 20 24 28 32 35 39 42 
252 >= 75 20 24 29 33 35 39 41 
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Table 6-1z1.  Distribution of North American Background concentrations by total ozone bin for the 
Northeast region in the summer from GEOS-Chem. 
 

Region: Northeast Season: JJA Model: GEOS-Chem   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

0 0 5 N/A N/A N/A N/A N/A N/A N/A 
0 5 10 N/A N/A N/A N/A N/A N/A N/A 
1 10 15 13 13 13 13 13 13 13 

65 15 20 9 10 12 14 16 17 19 
480 20 25 6 11 13 15 16 19 21 

1016 25 30 6 11 14 16 18 20 26 
1421 30 35 6 11 14 17 20 25 31 
1765 35 40 7 11 14 17 20 25 35 
1824 40 45 5 10 14 17 21 26 35 
1845 45 50 5 10 14 18 21 27 37 
2232 50 55 7 10 14 17 22 28 38 
2236 55 60 7 10 14 18 22 28 46 
1954 60 65 5 10 15 18 22 29 49 
1703 65 70 6 11 15 20 23 31 49 
1489 70 75 6 10 14 18 23 35 52 
1305 75 80 6 11 15 20 26 35 53 
985 80 85 7 9 14 17 22 40 52 
699 85 90 8 9 14 19 23 41 50 
419 90 95 7 11 15 20 26 40 47 
206 95 100 10 12 15 19 32 46 49 
91 100 105 10 12 14 18 24 38 50 
38 105 110 11 11 15 28 38 42 44 
22 110 115 14 14 27 33 37 39 40 
5 115 120 15 15 15 15 15 15 15 
2 120 125 13 13 13 13 13 13 13 
1 125 130 15 15 15 15 15 15 15 
0 130 135 N/A N/A N/A N/A N/A N/A N/A 
0 135 N/A N/A N/A N/A N/A N/A N/A N/A 

                    
10649 0 55 5 10 14 17 20 26 38 
11155 >= 55 5 10 14 18 23 34 53 
8919 >= 60 5 10 15 19 23 36 53 
6965 >= 65 6 10 15 19 24 37 53 
5262 >= 70 6 10 14 19 24 38 53 
3773 >= 75 6 10 15 19 25 40 53 
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Table 6-1z2.  Distribution of North American Background concentrations by total ozone bin for the 
Northeast region in the summer from CAMx. 
 

Region: Northeast Season: JJA Model: CAMx   

Number of 
Values 

Total 
Ozone Bin 
Range Min 5% 25% 50% 75% 95% Max 

14 0 5 17 17 18 19 21 22 23 
23 5 10 15 16 19 20 22 23 28 
36 10 15 14 15 17 19 22 26 29 

102 15 20 9 14 15 17 19 21 28 
313 20 25 8 12 15 17 19 21 28 
718 25 30 9 13 17 19 21 25 30 
880 30 35 11 16 19 21 24 27 30 

1260 35 40 10 17 20 23 27 31 34 
1430 40 45 11 18 21 25 28 33 36 
1565 45 50 9 18 22 26 29 34 38 
1721 50 55 11 18 23 26 30 35 42 
1888 55 60 12 19 23 27 30 35 42 
1970 60 65 11 20 25 28 31 35 43 
2127 65 70 12 21 26 28 31 36 43 
2234 70 75 16 22 26 29 32 37 51 
1878 75 80 14 22 27 30 32 37 49 
1396 80 85 13 22 27 30 33 37 43 
902 85 90 18 22 27 30 33 37 43 
585 90 95 18 23 27 30 33 37 41 
351 95 100 19 23 27 30 33 36 40 
183 100 105 21 24 28 30 33 35 40 
93 105 110 21 22 28 31 33 36 38 
65 110 115 22 23 27 30 33 34 36 
29 115 120 19 21 27 29 34 34 34 
16 120 125 27 28 30 32 33 34 34 
10 125 130 22 23 29 31 32 34 34 
10 130 135 24 26 29 31 33 34 34 
5 135 N/A 27 28 29 31 32 32 32 

                    
8062 0 55 8 16 20 23 28 33 42 

13742 >= 55 11 21 26 29 32 36 51 
11854 >= 60 11 22 26 29 32 36 51 
9884 >= 65 12 22 26 29 32 37 51 
7757 >= 70 13 22 27 30 33 37 51 
5523 >= 75 13 22 27 30 33 37 49 
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1 AIR QUALITY INFORMATION  

1.1 INTRODUCTION  

Ambient air quality information is an important element of the O3 NAAQS Risk and 

Exposure Assessment (REA; U.S. EPA, 2012a, b), as well as the Policy Assessment (PA; U.S. 

EPA, 2012c). This chapter gives information about the ambient monitoring data, modeling data, 

and spatial fusion technique analyzed in the REA (section 1.2), as well as information on the 

ambient O3 concentrations in locations and time periods of the health studies discussed in the PA 

(section 1.3).    

1.2 AIR QUALITY DATA 

This Health REA (U.S. EPA, 2012a) and Welfare REA (U.S. EPA, 2012b) utilized 

ambient monitoring data, as well as spatially fused ambient air quality measurement and 

modeling data. This section discusses the ambient monitoring data (section 1.2.1), the air quality 

models (section 1.2.2), and the spatial fusion technique (section 1.2.3). 

1.2.1 Air Quality Monitoring Data 

 EPA’s Air Quality System (AQS) database is a state-of-the-art repository for many types 

of air quality and related monitoring data.  AQS contains monitoring data for the six criteria 

pollutants dating back to the 1970’s, as well as more recent additions such as air toxics, 

meteorology, and quality assurance data.  At present, AQS receives O3 monitoring data collected 

hourly from over 1,300 monitors, and quality assured by one of over 100 state, local, or tribal air 

quality monitoring agencies. 

The air quality monitoring data used to inform the 1st draft O3 NAAQS REA (U.S. EPA, 

2012a,b) were hourly O3 concentrations collected between 1/1/2006 and 12/31/2010 from all US 

monitors meeting EPA’s siting, method, and quality assurance criteria in 40 CFR Part 58.  These 

data were extracted from AQS on June 27, 2011.  Regionally concurred exceptional event data 

(i.e. data certified by the monitoring agency to have been affected by natural phenomena such as 

wildfires or stratospheric intrusions, and concurred upon by the EPA regional office) were not 

included in the assessments. However, concurred exceptional events were rare, accounting for 

less than 0.01% of the total observations. All concurred exceptional events in 2006-2010 were 

related to wildfires in California in 2008.  

The “design value” metric used to compare O3 monitoring data to the current NAAQS is 

the 3-year average of the 4th highest daily maximum 8-hour O3 concentration.  The current 

NAAQS are met at an O3 monitoring site if its design value is less than or equal to 0.075 ppm 

(75 ppb).  The O3 monitoring data were checked for data completeness within each period, and 
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all monitors lacking sufficient data to calculate a valid 3-year design value were excluded (see 40 

CFR Part 50, Appendix P).   

Finally, gaps of 1 or 2 hours in the hourly concentration data were replaced by 

interpolating between the last data point before the gap and the first data point after the gap.  

These short gaps tend to occur at regular intervals in the monitoring data due to a requirement for 

monitoring agencies to turn off their monitors for brief periods in order to perform quality 

control checks.  Generally, quality control checks are performed during nighttime hours 

(between 12:00 AM and 6:00 AM) when O3 concentrations tend to be lowest.  Missing intervals 

of 3 hours or more were infrequent and were not replaced, except as described in Chapter 5 of 

the Health REA (EPA, 2012a) for the exposure assessment. 

1.2.2 Air Quality Modeling Data 

Air quality models are attractive tools for use in national-scale health and welfare 

assessments because they have the ability to provide more complete spatial coverage of air 

quality concentrations than monitoring data alone, particular where ambient monitoring data is 

sparse or not available. The Community Multiscale Air Quality (CMAQ) model was run for the 

year of 2007 and used in conjunction with ambient monitoring data from 2006-2008 to create 

“fused” spatial surfaces for several O3 metrics. This section gives a summary of the air quality 

modeling platform and information on the 2007 CMAQ model simulation. More details on the 

CMAQ run can also be found in Hall et al. (2012).  

A modeling platform is a structured system of connected modeling-related tools and data 

that provide a consistent and transparent basis for assessing the air quality response to changes in 

emissions and/or meteorology. A platform typically consists of a specific air quality model, 

emissions estimates, a set of meteorological inputs, and estimates of “boundary conditions” 

representing pollutant transport from source areas outside the region modeled. The CMAQ 

model is a non-proprietary computer model that brings together key physical and chemical 

functions associated with the dispersion and transformations of air pollution at various scales 

(Byun et al, 2006). It was designed to approach air quality as a whole by including state-of-the-

science capabilities for modeling multiple air quality issues, including tropospheric O3, fine 

particles, toxics, acid deposition, and visibility degradation. The CMAQ model version 4.7 was 

most recently peer-reviewed in February of 2009. This analysis employed a version of CMAQ 

based on the latest publicly released version of CMAQ (i.e., version 4.7.1) at the time of the 

2007 air quality modeling. CMAQ version 4.7.1 reflects updates to version 4.7 to improve the 

underlying science which include aqueous chemistry mass conservation improvements and 

improved vertical convective mixing (Hall et al., 2012).  
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Figure 1-1. Map of the CMAQ modeling domain. The blue box denotes the 12 km 

national modeling domain. 
 

The 2007 CMAQ modeling analyses were performed for a domain covering the 

continental United States, as shown in Figure 1-1. This single domain covers the entire 

continental U.S. (CONUS) and large portions of Canada and Mexico using 12 km by 12 km 

horizontal grid spacing. The model was run with 24 vertical layers and extends vertically from 

the surface to 50 millibars (approximately 19 km) using a sigma-pressure coordinate system.  

The 2007 CMAQ simulation utilizes emission estimates from various sources, including 

the U.S. EPA Office of Air Quality Planning and Standards’ 2005 emission inventories, observed 

emission from major utility stacks, 2007 onroad mobile emissions, and model estimates of 

natural emissions from biogenic and agricultural sources, which are described in detail in U.S. 

EPA, 2012. CMAQ also relies on meteorological predictions that include assimilation of 

meteorological observations as constraints. The 2007 CMAQ simulation used the gridded 

meteorological data derived from version 3.1 of the Weather Research and Forecasting Model 

(WRF), Advanced Research WRF core. The lateral boundary and initial species concentrations 
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were provided by the GEOS-CHEM  model, version 8-02-03. More details on the WRF and 

GEOS-CHEM data used in the 2007 CMAQ simulation can be found in Hall et al. (2012). 

A detailed model performance evaluation for O3 was conducted using observed/predicted 

pairs of daily/monthly/seasonal/annual concentrations.  Overall, the fractional bias, fractional 

error, normalized mean bias, and normalized mean error statistics were within the range or close 

to that found in other recent applications, and determined to be sufficient to provide a 

scientifically credible approach for this assessment. More details on the results can be found at 

Hall et al. (2012). 

1.2.3 National-scale “Spatial Fusion” Analyses  

In contrast to the urban study areas analysis, the national-scale analyses employ a data 

fusion approach that takes advantage of the accuracy of monitor observations and the 

comprehensive spatial information of the CMAQ modeling system to create a national-scale 

“fused” spatial surface of seasonal average O3. For the national-scale risk assessment (U.S. EPA, 

2012a, Chapter 8), “fused” spatial surfaces were created for three O3 metrics: (1) the May-

September mean of the 8-hr daily maximum (consistent with the metric used by Bell et al., 

2004); (2) the June-August mean of the 8-hr daily mean from 10am to 6pm (consistent with the 

metric used by Zanobetti and Schwartz, 2008); and (3) the W126 for the three-year period of 

2006-2008 and for each individual year: 2006, 2007 and 2008.  

The spatial surfaces are created by fusing 2006-2008 measured O3 concentrations with 

the 12 km 2007 CMAQ model simulation, using the EPA’s Model Attainment Test Software 

(MATS; Abt Associates, 2010a), which employs the enhanced Voronoi Neighbor Averaging 

(eVNA) technique (Timin et al., 2010, Abt Associates, 2010a).  The CMAQ domain consists of 

459 X 299 grid cells, each 12 km x 12 km in size.  The first step in the VNA fusion technique 

sets the grid cell centroid equal to the CMAQ grid cell concentrations, identifies the set of 

monitors that are nearest to that grid cell centroid, and then takes the inverse distance squared or 

the inverse distance weighted average of the monitor concentrations. The “fused” spatial fields 

are then calculated by adjusting the interpolated ambient data (in each grid cell) up or down by a 

multiplicative factor calculated as the ratio of the modeled concentration at the grid cell divided 

by the modeled concentration at the nearest neighbor monitor locations (weighted by distance).  

The equation below shows the calculation of the fused concentrations.   
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The concentration of SpeciesE (which, for our application, stands for the mean of the 8-hr 

daily maximum O3, 8-hr daily mean O3, and W126 concentrations) is calculated as the sum of the 

weighted concentrations at each neighbor monitor. In this way, the modeled concentrations are 

not used in an absolute sense, but are used relative to the ambient monitored concentrations to 

estimate the changes in air quality concentrations between the modeled grid cells (i.e. air quality 

concentration gradients) with ambient monitoring data. For the 8-hr daily maximum and 8-hr 

daily mean O3 metric, we used the inverse distance weight. Because of the steeper changes in 

W126 concentrations that can be observed near a monitor, we used the inverse distance squared 

weight in the eVNA approach for the W126 metric. 

Figures 1-2 to 1-10 show the fused spatial surfaces of the mean of the 8-hr daily 

maximum O3 concentrations, the mean of the 8-hr daily mean O3 concentrations, and the W126 

concentrations based on: only ambient measurement data from 2006-2008, created using the first 

step (as described above) in the eVNA process; CMAQ modeled concentrations; and “fused” 

spatial surfaces created with eVNA. Figures 1-2 to 1-4 show the mean of the 8-hr daily 

maximum O3, Figures 1-5 to 1-7 show the mean of the 8-hr daily mean O3 concentrations, and 

Figures 1-8 to 1-10 show the W126 concentrations. This set of figures demonstrates how the 

eVNA technique merges together the information provided by the CMAQ model and the 

ambient O3 measurements to provide more comprehensive spatial information, particularly 

where ambient monitoring data is spare or not available (e.g. Western U.S.). More information 

on how these data are applied in the REA can be found in U.S. EPA (2012a, b).     
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Figure 1-2. Spatial surface of the mean of the 8-hr daily maximum O3 

concentrations based on ambient measurements from 2006-2008, created using the first 
step (as described in section 1.2.3) in the eVNA process. 

 

 
Figure 1-3.  Mean 2007 8-hr daily maximum O3 concentrations from the 2007 

CMAQ model simulation. 
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Figure 1-4.  Spatial surface of the mean of the 8-hr daily maximum O3 

concentrations based on ambient measurements from 2006-2008 and the 2007 CMAQ 
model simulation, created using the eVNA spatial fusion technique. 

 

 
Figure 1-5. Spatial surface of the mean of the 8-hr daily mean O3 concentrations 

based on ambient measurements from 2006-2008, created using the first step (as described 
in section 1.2.3) in the eVNA process. 
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Figure 1-6.  Mean 2007 8-hr daily mean O3 concentrations from the 2007 CMAQ 

model simulation. 

 
Figure 1-7.  Spatial surface of the mean of the 8-hr daily mean O3 concentrations 

based on ambient measurements from 2006-2008 and the 2007 CMAQ model simulation, 
created using the eVNA spatial fusion technique. 
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Figure 1-8. Spatial surface of the W126 concentrations based on ambient 

measurements from 2006-2008, created using the first step (as described in section 1.2.3) in 
the eVNA process. 
 

 
Figure 1-9.  2007 W126 concentrations from the 2007 CMAQ model simulation. 
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Figure 1-10.  Spatial surface of W126 concentrations based on ambient 

measurements from 2006-2008 and the 2007 CMAQ model simulation, created using the 
eVNA spatial fusion technique. 
 

1.3 AMBIENT O3 CONCENTRATIONS IN LOCATIONS OF HEALTH STUDIES 

Annual 4th highest daily maximum O3 concentrations for all U.S. monitors operating 

during the 1975 – 2010 period were retrieved from EPA’s AQS database on April 19, 2012.  

These data were used to calculate O3 design values for the 2008 8-hour O3 NAAQS of 0.075 

parts per million (ppm) according to 40 CFR part 50, Appendix P.  Design values were 

calculated for each O3 monitor and each 3-year period between 1975-1977 and 2008-2010 

whenever sufficient data were available.  

1.3.1 Ozone design values in study locations 

Ozone monitors were matched to 200 health study locations on a case-by-case basis, 

using the following guidelines: 

 

1) Areas defined by a Metropolitan Statistical Area (MSA) were matched with O3 monitors 
by incorporating all of the monitors located in within the MSA boundaries. 
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2) Areas not represented by a MSA were matched to monitors by incorporating all of the 
monitors in the county central to location of the health study area. 
  

3) In some cases, judgment calls were made.  For example, the Los Angeles, CA study area 
was matched to the Los Angeles-Long Beach-Santa Ana, CA MSA defined by Los 
Angeles County, CA and Orange County, CA, while the Long Beach, CA study area was 
matched to Los Angeles County, CA and the Santa Ana, CA study area was matched to 
Orange County, CA. 
  

In some cases, two or more study areas were matched to the same county or MSA.  In 

other cases, a study area was matched to a MSA and another study area was matched to a county 

within the same MSA.  For each 3-year period, the area design value was determined by the 

monitor reporting the highest design value in the county or MSA.   This has two implications for 

the design values: 

  

1) Design values are sensitive to changes in the monitoring network.  The addition or 
discontinuation of O3 monitors in an area may cause sharp increases or decreases in the 
design value trend.  

 

2) Only valid design values are reported.  According to 40 CFR Part 50, Appendix P, design 
values greater than the level of the NAAQS (0.075 ppm) are always valid, while design 
values less than or equal to 0.075 ppm must have 75% annual data completeness in order 
to be valid.  This may cause anomalies in the design value trend.  For example, a monitor 
may report a valid design value based on as few as 12 days of data, or a monitor with less 
than 75% annual data completeness may have valid design values in some 3-year periods 
and invalid design values in others.  
 

We have identified design values for the U.S. O3 epidemiologic studies identified in 

Tables 4-1 to 4-3 of the first draft Policy Assessment (US EPA, 2012c).  For each study, design 

values were identified for the cities evaluated and for the years over which the study was 

conducted.  These design values are reported in ppm in tables A-1 to A-22 in Appendix A to this 

memo.  

1.3.2 Relationship between average 24-hour and highest 8-hour O3 concentrations for 
cities analyzed by Bell et al. (2006) 

Bell et al. (2006) reported associations between mortality and 24-hour average O3 

concentrations (i.e., averaged across monitors in cities with multiple monitors) in a multi-city 

study of 98 U.S. cities.  Positive associations persisted in a series of analyses that restricted O3 

concentrations to those below various cut points (cut points ranged from 5 to 60 ppb in 5 ppb 

increments).  To facilitate consideration of these cut point analyses in the first draft Policy 

Assessment, we have evaluated the relationship between 24-hour average O3 concentrations, 
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averaged across monitors in cities with multiple monitors, and 8-hour daily maximum 

concentrations from the monitors recording the highest such concentrations.   

Daily 24-hour average and 8-hour maximum O3 concentrations for monitors in the 98 

study areas defined in Bell et al. (2006) during the 1987-2010 period were retrieved from AQS 

on July 2, 2012.  The MSA boundaries were used to determine which monitors were associated 

with each area1.  Nine of the areas which shared a MSA with another area were combined, for a 

total of 89 areas used in the analysis.   

Within each area, the 24-hour average O3 concentrations were averaged spatially across 

monitors within each of the study areas on each day where monitoring data were collected.  

These values were paired with the highest daily maximum 8-hour concentration observed in the 

area on each day.  From these data, the highest observed 8-hour daily maximum value and the 

number of days with a daily maximum 8-hour concentration greater than 75 parts per billion 

(ppb) were recorded for each year in 1987-2010. 

Next, all days where the 24-hour average concentration for the study area (i.e., averaged 

across monitors in cities with multiple monitors) was greater than 60 parts per billion were 

removed from the dataset, and the highest observed 8-hour daily maximum value and the number 

of days with a daily maximum 8-hour concentration greater than 75 ppb were recorded based on 

the reduced dataset.  This process was repeated by further removing days with area wide 24-hour 

average concentrations greater than 55 ppb, 50 ppb, etc. down to 5 ppb and re-calculating the 

same statistics after each removal.  Results are shown in Appendix B to this memo.  

 

1.3.3 Relationship between average and highest 8-hour daily maximum O3 concentrations 
for New York City, as analyzed by Silverman and Ito (2010) 

Daily maximum 8-hour O3 concentrations for 13 monitors in the New York City area 

during April-August of 1999-2006 were retrieved from AQS on July 2, 2012.  The 13 monitors 

were the same ones used in Silverman and Ito (2010).  These concentrations were spatially 

averaged across monitors for each day during this period.  Figure 1-11 shows a scatterplot of the 

spatially averaged 8-hour daily maximum values plotted against the highest 8-hour value on each 

day.  The percentiles of the average and maximum distributions are presented in Table 1-2.  

Next, the range of observed average daily maximum 8-hour concentrations was broken 

into 5 ppb increments.  The number of days where the average daily maximum 8-hour 

concentration fell within the increment, the number of days where one or more 8-hour 

                                                 
1 The MSA was used as a surrogate for the study area boundaries. We recognize that this does not exactly 

match the study area definitions used by Bell et al. (2006). Further refinement of this approach may be explored in 

the 2nd draft Policy Assessment.  
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concentrations were greater than 75 ppb, and the highest observed concentration for days falling 

within the increment were recorded for each 5 ppb increment.  These numbers are summarized in 

Table 1-3. 

 

 
Figure 1-11 Average vs. Maximum Observed Daily 8-hour O3 Concentrations in the New 

York City Area, April – August 1999 – 2006 
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Table 1-1 Percentiles of Average and Maximum Observed 8-hour O3 Concentrations in 

the New York City Area, April – August 1999 – 2006 

 

 

 
Table 1-2 Summary Statistics on Observed O3 Concentrations in the New York City 

Area, April – August 1999 – 2006 
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2 QUADRATIC ROLLBACK 

2.1 INTRODUCTION   

The “quadratic rollback” method was used in the previous O3 NAAQS review to adjust 

ambient O3 concentrations to simulate minimally meeting current and alternative standards (U.S. 

EPA, 2007).  As the name implies, quadratic rollback uses a quadratic equation to reduce high 

concentrations at a greater rate than low concentrations.  The intent is to simulate reductions in 

O3 resulting from unspecified reductions in precursor emissions, without greatly affecting 

concentrations near ambient background levels (Duff et al., 1998). 

Two independent analyses (Johnson, 2002; Rizzo, 2006) were conducted to compare 

quadratic rollback with other methods such as linear (proportional) rollback and distributional 

(Weibull) rollback.  Both analyses used different rollback methods to reduce concentrations from 

a high O3 year to simulate levels achieved during a low O3 year, then compared the results to the 

ambient concentrations observed during the low O3 year.  Both analyses concluded that the 

quadratic rollback method replicates observed 8-hour O3 distributions, particularly when the 

reduction in O3 concentrations required to achieve the standard is small.   

In this review, quadratic rollback was used to simulate reductions in O3 concentrations in 

areas which failed to meet EPA’s current O3 NAAQS of 0.075 ppm (75 ppb).  Hourly O3 

concentrations were reduced so that the highest design value (the 3-year average of the annual 4th 

highest daily maximum 8-hour O3 concentration) in each area was exactly 75 ppb, the highest 

value meeting the NAAQS.  Concentrations at the remaining monitors in each area were 

similarly reduced using the quadratic rollback coefficients calculated at the highest monitor.  

Quadratic rollback was performed independently within each area for two design value periods, 

2006-2008 and 2008-2010. 

 

2.2 METHODOLOGY AND APPLICATIONS  

2.2.1 Methodology 

The quadratic rollback method reduces ambient concentrations at a particular monitoring 

site to minimally meet a pre-specified “standard”, defined by four factors: 

1. Indicator – pollutant type or air quality measurement (e.g. O3) 

2. Averaging time – length of exposure period (e.g. 8-hour) 

3. Form – statistic used to compare ambient data to the standard (e.g. design value) 

4. Level – maximum value that meets the standard (e.g. 75 ppb) 

Suppose we have concentration measurements Ck taken at times kK, which we wish to 

reduce to meet a standard with level S.  We define the following based on the averaging time: 
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where:  Im is the average of the concentrations observed in time period m, 

 J is the maximum concentration observed over the entire period, 

 Qm is the average of the squared concentrations observed in time period m, 

 Nm is the number of concentrations observed in time period m. 

In this particular case, the Ck’s are hourly O3 concentrations observed over a 3-year 

period, with an averaging time of rolling 8-hour intervals (e.g. 12AM-8AM, 1AM-9AM, etc.).  

Next, we must evaluate rollback constants L and Q, which correspond to the linear and 

quadratic coefficients in the quadratic equation.  These constants are calculated based on the 

form of the standard.  In our particular case, the form of the standard is the 3-year average of the 

annual 4th highest daily maximum concentration.  If we use the terms Iny and Qny to denote the nth 

highest daily maximum 8-hour concentration (i.e. nth highest daily maximum value of Im) 

observed in year y, then L and Q are calculated as follows: 
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These formulas are easily generalized for any nth highest concentration and any number 

of years.  Further generalization to other forms is possible, but not relevant to this discussion. 

Finally, L and Q are used to reduce or “roll back” the original concentrations: 
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where *
kC  denotes the reduced concentration.  Calculating the form-based “design value” 

statistic based on the *
kC  will result in a value of exactly S, the level of the standard. 
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2.2.2 Application to Air Quality Data for the Urban Case Studies 

The O3 monitors representing air quality in the 12 urban case study areas were chosen 

using the boundaries of areas designated non-attainment for the 1997 8-hour O3 NAAQS (see 

Table 2-1).  These non-attainment area boundaries were defined by EPA in 2004 to cover all of 

the O3 monitors with air quality not meeting the NAAQS and contributing emissions sources.  

Thus, the selected boundaries are guaranteed to include all violating O3 monitors within each 

area, and most importantly to include the monitor with the highest 3-year design value. 

The regional nature of O3 pollution dictates that these areas should be large in order to 

encompass most of the O3 precursor emissions sources contributing to elevated O3 levels in the 

area.  Therefore, the boundaries in seven areas were expanded to include one or more smaller 

adjacent non-attainment areas.  In particular, four of the urban areas (Baltimore, Boston, New 

York, and Philadelphia) make up a large urbanized corridor along the Atlantic coast.  The 

intermediate non-attainment areas along this corridor were incorporated into one of these four 

areas to create a contiguous non-attainment region stretching from Virginia to New Hampshire. 

The quadratic rollback method described in the previous section was applied to each of 

the 12 urban case study areas separately for 2006-2008 and 2008-2010, for a total of 24 

reduction scenarios.  In each area, the rollback constants L and Q were calculated for the monitor 

having the highest design value.  The rollback constants were then used to reduce the hourly O3 

concentrations at all monitors within the area to just meet the current O3 NAAQS (i.e. so that the 

highest design value in each area was exactly 75 ppb).  Concentrations at the remaining monitors 

in each area were similarly reduced using the quadratic rollback coefficients calculated at the 

highest monitor. In some of the 12 urban areas, while the monitor with the highest design value 

was included in the boundaries of the rollback area, it was not within the area boundaries chosen 

to match the study areas in Zanobetti & Schwartz (2008), which were used in the risk assessment 

(U.S. EPA, 2012a, Chapter 7). In these cases, the high monitor was included in the quadratic 

rollback, and the ozone concentrations at the monitors within the Zanobetti & Schwartz (2008) 

study area were similarly reduced. In this way, while the high monitor outside of the study area 

would have been simulated to have a design value of 75 ppb to just meet the standard, the design 

value at the monitors within the study area would have been simulated to have design values 

below 75 ppb. 

To avoid reducing O3 concentrations below background levels, background “floor” 

values were set defining minimum values beyond which quadratic rollback would not be applied.  

Background concentrations were estimated from two GEOS-Chem modeling simulations for the 

model year of 2006: one with zero U.S. anthropogenic emissions (i.e. U.S. background) but with 

all other anthropogenic and natural emissions globally, and the other with all anthropogenic and 

biogenic emissions included (i.e. base case) (Zhang et al., 2011).  The monitors in each study 
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area were paired with their appropriate GEOS-Chem grid cells, potentially matching multiple 

monitors to the same cell. The paired hourly U.S. background and base case concentrations were 

then spatially averaged in the same way as the O3 monitoring data, as described in Chapter 4 of 

the Health REA (U.S. EPA, 2012a). Medians by area, month, and hour of the day were 

calculated from the spatially-averaged U.S. background and base case modeled concentrations, 

and ratios of the U.S. background to base case concentrations were calculated to provide monthly 

diurnal profiles of the ratio of U.S. background to total ozone for every month for every area2. 

Next, the U.S. background ratios were multiplied by the respective monitored values in each of 

the 5 years, 2006-2010, to obtain the U.S. background floor values. 

The quadratic rollback values were adjusted so that concentrations reduced to less than 

their respective background floor values were set equal to either the floor value or the original 

monitored value, whichever was lower.  Composite monitor values were calculated from the 

adjusted quadratic rollback values in the same manner described in Chapter 4 of the Health REA 

(U.S. EPA, 2012a).  These data were used as inputs to the Benefits Mapping and Analysis 

Program (BenMAP; Abt Associates, 2010b) to simulate just meeting the current O3 NAAQS. 

                                                 
2 Values were set equal to one, if greater than one. 
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Table 2-1: O3 Non-attainment Areas for Quadratic Rollback in the Risk Assessment 

Urban Area Nonattainment Area(s) 
# of O3 
Monitors 

2006-2008 
Design 
Value 
(ppb)3 

2008-2010 
Design 
Value 
(ppb)4 

Atlanta Atlanta, GA 10 95 80 

Baltimore 
Baltimore, MD 
Washington, DC-MD-VA 
York, PA 

7 
18 
3 

91 
87 
80 

89 
81 
74 

Boston 

Boston-Lawrence-Worcester (Eastern 
Mass.), MA4 
Boston-Manchester-Portsmouth, NH 
Providence (All of RI), RI 

9 
4 
3 

82 
79 
82 

76 
69 
76 

Cleveland 
Canton-Massillon, OH 
Cleveland-Akron-Lorain, OH 
Youngstown-Warren-Sharon, OH-PA 

2 
11 
4 

80 
84 
81 

73 
77 
74 

Denver 
Denver-Boulder-Greeley-Ft. Collins-
Loveland, CO 

14 86 77 

Detroit 
Detroit-Ann Arbor, MI 
Flint, MI 

8 
2 

81 
76 

75 
68 

Houston Houston-Galveston-Brazoria, TX 21 91 84 

Los Angeles 

Los Angeles South Coast Air Basin, CA 
Los Angeles-San Bernardino Cos. (Western 
Mojave), CA 
Riverside Co. (Coachella Valley), CA 
Ventura Co., CA 

28 
6 
4 
6 

119 
104 
97 
88 

112 
99 
95 
86 

New York 

Greater Connecticut, CT 
New York-Northern New Jersey-Long 
Island, NY-NJ-CT 
Poughkeepsie, NY 

4 
23 
3 

87 
89 
80 

79 
84 
75 

Philadelphia 

Allentown-Bethlehem-Easton, PA 
Lancaster, PA 
Philadelphia-Wilmington-Atlantic City, PA-
NJ-DE-MD 
Reading, PA 

3 
2 
19 
2 

80 
82 
92 
80 

76 
77 
83 
79 

Sacramento Sacramento Metro, CA 16 102 102 
St. Louis St. Louis, MO-IL 13 85 77 

                                                 
3 Value shown is the highest monitored ozone design value in the non-attainment area. 
4 Excluding Dukes County, MA and Nantucket County, MA (Martha’s Vineyard and Nantucket Islands). 
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2.2.3 Application to National Air Quality Data 

Quadratic rollback was applied to national air quality data from the 2006-2008 period, 

using the method described in Section 2.2.3, for the Welfare REA to create a national-scale fused 

surface of W126 concentrations when simulating just meeting the current standard of 0.075 ppb 

(U.S. EPA, 2012b, Chapter 4). Quadratic rollback was used to reduce O3 concentrations in all 

areas of the U.S. with violating monitors to just meet the current NAAQS.  Some areas with O3 

monitors violating the current NAAQS were not designated non-attainment for the 1997 8-hour 

O3 NAAQS.  Thus, a hierarchical method was used to group all monitors in the U.S. into 

“hypothetical” non-attainment areas.  This method used the following logic to assign each O3 

monitor to an area: 

1) Is the monitor in an area designated non-attainment for the 1997 O3 NAAQS? 

A) If yes, the monitor is assigned to the non-attainment area. 

B) If no, go to step 2. 

2) Is the monitor in a U.S. Census Combined Statistical Area (CSA)? 

A) If yes, was any part of the CSA designated non-attainment for the 1997 O3 NAAQS? 

i) If yes, the monitor is assigned to the non-attainment area. 

ii) If no, the monitor is assigned to the CSA. 

B) If no, go to step 3. 

3) Is the monitor in a U.S. Census Core-Based Statistical Area (CBSA)? 

A) If yes, was any part of the CBSA designated non-attainment for the 1997 O3 NAAQS? 

i) If yes, the monitor is assigned to the non-attainment area. 

ii) If no, the monitor is assigned to the CBSA. 

B) If no, go to step 4. 

4) Was any part of the county designated non-attainment for the 1997 O3 NAAQS? 

A) If yes, the monitor is assigned to the non-attainment area. 

B) If no, the monitor is assigned to the county. 

 Next, quadratic rollback was applied to each hypothetical non-attainment area with at 

least one violating O3 monitor.  In each area, the rollback constants L and Q were calculated for 

the monitor having the highest design value.  The rollback constants were then used to reduce the 

hourly O3 concentrations at all monitors within the area.  This approach was applied to the 

hourly O3 concentrations from the 2006-2008 and 2008-2010 period. 

 The 2006-2008 W126 metric was then calculated from the hourly rollback 

concentrations. It should be noted that O3 concentrations were only adjusted relative to the other 

monitors included in the hypothetical “non-attainment” area. In this way, areas where the 2006-

2008 design values at all monitors were below 75 ppb would not have been affected by this 
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rollback methodology and the O3 concentrations in those areas would not have changed. This 

was true even when these monitors were very close to, but outside of, other hypothetical “non-

attainment” areas that were adjusted to simulate just meeting the current standard.  

To generate a national-scale spatial surface that represents 2006-2008 W126 

concentrations when attaining the current NAAQS, the spatial surface for 2006-2008 recent air 

quality was adjusted to reflect the rolled back W126 monitor concentrations. Figure 1 depicts 

this process and it is shown mathematically in the equation below.  

 

 
 

where ij refers to column i and row j of the CMAQ grid and AQ stands for air quality. 

Because steep changes in W126 concentrations can be observed near a monitor, we used the 

inverse distance squared VNA approach. Typically, however, the results are not particularly 

sensitive to the interpolation method. 

  Because the VNA rollback approach interpolates monitor values, it is most reliable in 

areas with a denser monitoring network.  In areas with a sparser monitoring network, there is less 

observed monitoring data to support the VNA interpolation and we have less confidence in the 

predicted air quality values further away from the monitors.  However, to the extent that any bias 

in the interpolated values is present in both the model and rolled back design values, the ratio of 

the interpolated values should be relatively insensitive to this bias and the adjusted air quality 

values should be unaffected. 
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Figure 2-1: Diagram of Rollback Method for Creating National-scale Fused Surface that 
Represents just Meeting the Current Standard 
 
 

2.3 RESULTS AND DISCUSSION 

 In this section, we present and discuss results from several analyses conducted to evaluate 

the data resulting from the application of quadratic rollback to simulate just meeting the current 

O3 standard (the “rollback” data) described in this memorandum, and to compare the rollback 

data with the current conditions air quality data (the “observed” data) described in Chapter 1 and 

in the Health REA (U.S. EPA, 2012a) and Welfare REA (U.S. EPA, 2012b).  The figures 

presented in this section were created using R, a free, open-source statistical computing software 

package (R Core Team, 2012). 

 

Step 2.  Rollback 2006-2008 monitor 

design values using quadratic rollback 

to simulate just attaining the current 

NAAQS and calculate the W126 

concentrations. Using these W126 

concentrations, create a national-scale 

fused spatial surface of W126 

concentrations using VNA 

Step 1.  Create national-scale 

spatial surface of 2006-2008 W126 

concentrations from air quality 

monitors using VNA approach  

Step 3.  Ratio the concentrations in each 12km 

grid cell for the two W126 spatial surfaces of 

monitored data from Steps 1&2 and apply ratio to 

national-scale fused spatial surface created from 

monitored and modeled data using the eVNA 

Result: National-scale fused 

spatial surface of W126 

concentrations that represents 

just meeting the current 

standard  
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2.3.1 Evaluation of Quadratic Rollback in the Urban Case Studies 

2.3.1.1 U.S. Background Floor Values 

 Figure 2-2 shows diurnal profiles of seasonally averaged background floor values for the 

12 urban case study areas in the risk assessment.  The background floor values show a diurnal 

pattern similar to that of the observed O3 concentrations, with the highest values occurring in the 

early afternoon hours and the lowest values occurring around sunrise.  Generally, the highest 

background values occurred in the spring, while the other three seasons were more difficult to 

distinguish.  Denver was a notable exception to this pattern, having nearly identical background 

floor values in the spring and summer months. 

Figure 2-3 shows box-and-whisker plots of the background floor values in the 12 urban 

case study areas.  The distribution of the background floor values varied from area to area, but 

generally ranged from near 0 to between 30 and 40 ppb, with median between 10 and 20 ppb.   

 

 
Figure 2-2 Diurnal Profiles of Seasonally Averaged U.S. Background Floor Values in 

the Urban Case Study Areas 
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Notes: Values shown are 2006-2010 averages, in parts per billion.  Seasons were defined as Spring = March – May, 
Summer = June – August, Autumn = September – November, Winter = December – February. Winter values are 
missing for Cleveland because no monitoring data were available for that period.) 
 

Table 2-2 contains selected summary statistics generated to evaluate the frequency and 

magnitude of the U.S. background adjustments in the quadratic rollback procedure.  Overall, 

over 20% of the rollback concentrations were adjusted. However, the average magnitude of the 

adjustments was very small (< 0.2 ppb), and even the largest adjustment was less than 5 ppb.  

Moreover, over 95% of the adjustments simply returned the rollback concentrations to their 

original monitored values instead of the modeled U.S background value.  In conclusion, the U.S. 

background adjustment procedure had little effect on the rollback concentrations. 

 
Figure 2-3 Distribution of U.S. Background Floor Values in the Urban Case Study 

Areas 
Notes: Data shown are April – September 2006-2010 background floor values in parts per billion. 
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Table 2-2 Frequency and Magnitude of the U.S. Background Adjustments, 2006 – 2008 

Urban Area 

% Rollback 
Values 

Adjusted 

% Replaced 
with Monitor 

Values 

% Replaced 
with Floor 

Values 

Average 
Adjustment 

(ppb) 

Maximum 
Adjustment 

(ppb) 
Atlanta 16.7 97.2 2.8 0.10 2.3 

Baltimore 19.7 96.8 3.2 0.15 2.2 
Boston 16.4 96.3 3.7 0.17 1.2 

Cleveland 20.0 96.2 3.8 0.18 1.6 
Denver 14.4 96.2 3.8 0.20 2.4 
Detroit 14.9 96.8 3.2 0.13 1.3 

Houston 28.4 96.4 3.6 0.15 1.6 
Los Angeles 24.6 93.9 6.1 0.29 4.5 
New York 16.4 96.7 3.3 0.09 1.4 

Philadelphia 18.7 96.2 3.8 0.16 2.0 
Sacramento 24.3 92.1 7.9 0.34 3.0 
Saint Louis 12.8 97.1 2.9 0.11 1.1 
OVERALL 20.5 95.5 4.5 0.17 4.5 

 

2.3.1.2 Comparison of Observed versus Rollback Concentrations 

 Two data analyses were conducted to compare the rollback concentrations to observed 

concentrations.  The first analysis compared the distribution of observed O3 concentrations to the 

distribution of rollback concentrations in the 12 urban case study areas.  The second analysis 

compared the distribution of rollback concentrations in six of the urban case study areas to the 

distribution of observed concentrations in six paired areas just meeting the current standard.  The 

observed and rollback distributions in both analyses were compared to understand how quadratic 

rollback affects the observed O3 concentrations, and how the rollback concentrations compare to 

observed concentrations in areas just meeting the current standard. 

 Table 2-3a compares the distribution of observed hourly O3 concentrations with the 

distribution of rollback hourly concentrations in the 12 urban case study areas for 2006-2008. 

Table 2-3b makes a similar comparison between the distributions of daily maximum 8-hour O3 

concentrations.  Quadratic rollback was designed to reduce high O3 concentrations at a greater 

rate than low O3 concentrations, which is clearly evident from the tables.  Hourly concentrations 

in the lowest quartile were almost unaffected by quadratic rollback, while the median hourly 

values were reduced by only 1 to 3 ppb.  On the other hand, hourly concentrations in the extreme 

right tail of the distribution were reduced by 50 ppb or more in some areas.  The reductions in the 

daily maximum 8-hour concentrations were generally larger than the reductions in the hourly 

concentrations, except in the extreme right tail of the distribution. 

The large number of “2’s” in the tables reflects the AQS convention of replacing reported 

values less than the minimum detection limit (MDL) for O3 instruments with ½ of the MDL.  
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Currently, the MDL for all EPA approved O3 monitoring instruments is 5 ppb.  NOx titration 

often causes O3 concentrations to drop to near zero overnight in urban areas, thus 10-25% of the 

observed hourly concentrations are below 10 ppb, compared with less than 5% of the daily 

maximum 8-hour concentrations.  

 
Table 2-3a Distribution of Hourly O3 Concentrations in the Urban Case Study Areas, 

2006-2008 

Urban Area Status Min 1% 5% 10% 25% 50% 75% 90% 95% 99% Max

Atlanta 
Observed 2 2 2 2 16 31 47 61 68 85 155
Rollback 2 2 2 2 15 28 42 53 58 69 104

Baltimore 
Observed 2 2 2 2 15 28 43 57 66 81 143
Rollback 2 2 2 2 14 26 39 51 58 69 105

Boston 
Observed 2 2 2 10 20 31 43 53 61 77 146
Rollback 2 2 2 9 19 30 41 50 57 71 131

Cleveland 
Observed 2 2 2 8 19 31 44 56 63 77 113
Rollback 2 2 2 8 18 29 41 50 57 71 97 

Denver 
Observed 2 2 2 6 20 35 47 57 63 76 112
Rollback 2 2 2 6 19 33 43 52 57 67 94 

Detroit 
Observed 2 2 2 9 19 31 44 55 62 78 128
Rollback 2 2 2 8 19 30 42 52 58 72 112

Houston 
Observed 2 2 2 2 10 21 34 47 57 75 160
Rollback 2 2 2 2 9 20 31 43 50 64 113

Los Angeles 
Observed 2 2 2 2 11 29 44 59 70 92 176
Rollback 2 2 2 2 11 26 37 47 54 66 85 

New York 
Observed 2 2 2 2 15 27 39 51 59 79 167
Rollback 2 2 2 2 15 26 37 46 53 68 118

Philadelphia 
Observed 2 2 2 2 16 28 41 55 64 80 142
Rollback 2 2 2 2 15 26 37 49 56 67 103

Sacramento 
Observed 2 2 2 5 16 29 41 55 65 84 166
Rollback 2 2 2 5 16 26 36 47 54 66 99 

Saint Louis 
Observed 2 2 2 7 17 28 42 55 62 78 133
Rollback 2 2 2 6 16 26 39 51 57 70 110
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Table 2-3b Distribution of Daily Maximum 8-hour O3 Concentrations in the Urban Case 
Study Areas, 2006-2008 

Urban Area Status Min 1% 5% 10% 25% 50% 75% 90% 95% 99% Max

Atlanta 
Observed 2 18 26 31 40 51 61 71 78 93 124
Rollback 2 17 24 28 36 45 52 60 64 74 90 

Baltimore 
Observed 2 7 17 22 31 44 57 68 75 86 125
Rollback 2 7 16 21 29 40 51 59 64 72 96 

Boston 
Observed 2 12 20 25 32 41 51 62 70 83 130
Rollback 2 11 19 24 30 39 48 58 64 76 113

Cleveland 
Observed 2 16 23 27 34 45 55 66 71 82 103
Rollback 2 16 22 26 32 42 51 60 65 73 89 

Denver 
Observed 2 9 18 24 35 45 57 65 70 79 98 
Rollback 2 9 18 23 33 42 52 59 62 69 84 

Detroit 
Observed 2 17 25 29 36 45 54 64 71 83 100
Rollback 2 17 24 27 34 43 51 59 65 76 90 

Houston 
Observed 2 8 16 19 25 35 47 60 67 83 126
Rollback 2 8 15 18 24 32 42 52 58 69 97 

Los Angeles 
Observed 2 10 19 25 35 44 58 73 82 100 142
Rollback 2 10 18 23 30 37 46 56 60 69 81 

New York 
Observed 2 6 15 20 28 38 49 62 71 87 130
Rollback 2 6 15 20 27 36 45 55 62 73 99 

Philadelphia 
Observed 2 8 17 22 31 42 55 67 74 85 125
Rollback 2 7 16 21 28 38 48 58 63 71 94 

Sacramento 
Observed 2 9 17 23 32 42 54 67 76 92 123
Rollback 2 9 17 21 29 37 46 55 61 70 85 

Saint Louis 
Observed 2 11 19 23 33 44 55 64 71 84 113
Rollback 2 10 18 22 30 41 50 59 64 75 95 

 

Figure 2-4 shows histograms of the 2006-2008 observed and rollback 8-hour daily 

maximum concentrations in Detroit and Los Angeles.  Detroit represents the mild case where the 

observed 2006-2008 design value was nearest to meeting the standard, while Los Angeles 

represents the extreme case with the highest design value, and the only case where the quadratic 

coefficient L was less than 1.  It is interesting to note that although the right tail of the observed 

distribution is much greater in Los Angeles than in Detroit, the right tail of the rollback 

distribution is actually greater in Detroit than in Los Angeles.  

 In the second analysis, six of the urban case study areas were paired with another area in 

the same region of the U.S. which was designated non-attainment for the 1997 O3 NAAQS.  

Each of these six “attaining” areas had a 2008-2010 design value within 1 ppb of the current 

standard of 75 ppb.  The distribution of the rollback concentrations in each case study area was 

compared to the observed distribution in the respective attaining area.  The six pairings and their 

respective hourly and daily maximum 8-hour distributions are shown in Table 2-4. 
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Figure 2-4 Histograms of Observed and Rollback Concentrations in Detroit and Los 
Angeles, 2006-2008 
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Table 2-4 Rollback Concentrations in Urban Case Study Areas Compared to Observed 

Concentrations in Attaining Areas, 2008-2010 

Hourly Concentrations 
Urban Area Status Min 1% 5% 10% 25% 50% 75% 90% 95% 99% Max

Beaumont Observed 2 2 2 8 16 25 37 48 55 68 111
Houston Rollback 2 2 2 2 11 21 32 43 50 64 125

Birmingham Observed 2 2 2 2 13 27 41 52 59 72 108
Atlanta Rollback 2 2 2 2 14 27 40 52 59 71 120
Boston Observed 2 2 5 11 21 31 41 50 56 69 128

New York Rollback 2 2 2 5 15 26 36 46 52 66 123
Chicago Observed 2 2 2 6 16 27 37 47 53 65 118

Saint Louis Rollback 2 2 2 7 16 28 39 51 57 69 111
Detroit Observed 2 2 2 8 19 31 42 52 59 70 122

Cleveland Rollback 2 2 2 9 19 31 42 52 59 69 101
Richmond Observed 2 2 5 10 20 32 45 56 62 75 134
Baltimore Rollback 2 2 2 6 16 27 39 49 55 66 103

Daily Maximum 8-Hour Concentrations 
Urban Area Status Min 1% 5% 10% 25% 50% 75% 90% 95% 99% Max

Beaumont Observed 2 13 18 21 27 37 47 57 62 72 91 
Houston Rollback 2 9 15 19 25 33 43 52 58 69 94 

Birmingham Observed 2 14 21 25 33 43 53 61 65 76 95 
Atlanta Rollback 2 12 20 25 34 43 53 60 65 75 99 
Boston Observed 2 13 21 25 31 40 49 57 63 75 106

New York Rollback 2 8 15 20 27 35 44 54 60 71 96 
Chicago Observed 2 10 16 20 28 37 46 54 60 69 94 

Saint Louis Rollback 2 11 18 23 32 41 51 58 63 72 93 
Detroit Observed 2 15 21 27 35 44 52 60 65 74 95 

Cleveland Rollback 2 15 22 26 34 43 52 60 65 74 88 
Richmond Observed 2 18 25 29 37 47 56 63 68 80 110
Baltimore Rollback 2 10 18 22 29 39 49 57 61 70 93 

 
 The results were mixed.  In two of the urban case study areas (Atlanta and Cleveland), 

the rollback distributions matched the observed distributions in their respective attaining areas 

almost perfectly.  In three of the areas, (Baltimore, Houston, and New York) values near the 

center of the rollback distributions were 3-10 ppb lower than their respective values in the 

observed distributions.  Finally, values near the center of the rollback distribution in Saint Louis 

were 1-5 ppb higher than those in the observed distribution in Chicago.  It is interesting to note 

that the 2008-2010 design values in Atlanta, Cleveland, and Saint Louis were reduced by 5 ppb 

or less, while the 2008-2010 design values in Baltimore, Houston, and New York were reduced 

by 9 ppb or more. 
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Figure 2-5 Histograms Comparing Rollback Concentrations in Atlanta and Baltimore to 

Observed Concentrations in Birmingham and Richmond, 2008-2010 
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Figure 2-5 shows histograms comparing the distribution of daily maximum 8-hour O3 

concentrations in the “best case” (Atlanta-Birmingham) and “worst case” (Baltimore-Richmond) 

pairings.  The distributions in the former pairing are almost identical, while the latter pairing 

clearly shows the entire rollback distribution shifted leftward from the observed distribution.  

In conclusion, quadratic rollback replicates observed ozone distributions of nearby cities 

in some cases, particularly when the reduction in O3 concentrations required to achieve the 

standard is small.  When the required reduction is larger, differences between the rollback 

concentrations and observed data attaining the standard become more apparent.   

One such difference is the tendency for quadratic rollback to predict concentrations in the 

left tail of the distribution at higher frequency. This phenomenon occurs because quadratic 

rollback assumes that O3 concentrations never increase in response to reduced precursor 

emissions. In reality, lowering precursor emissions in urban areas results in less NOx titration, 

and thus fewer concentrations are observed below ambient background levels.   

Another difference is the tendency for quadratic rollback to predict concentrations in the 

right tail of the distribution at a lower frequency than are observed in measurements from nearby 

cities. This phenomenon occurs because quadratic rollback assumes that all monitors within an 

urban area exhibit the same response to reduced precursor emissions.  As discussed by Simon et 

al. (2012) this is usually not the case and different monitors may respond differently to emissions 

reductions, particularly at different hours of the day. 

 

2.3.1.3 Composite Monitor Comparison 

 Figure 2-6 shows seasonal average diurnal profiles of the observed and rollback 

composite monitor values in the 12 urban case study areas for 2006-2008.  The gray and blue 

lines are averages over the required O3 monitoring season (see Table 1-1), while the red and 

green lines are averages over the “peak” O3 months, June – August.  The June – August averages 

are higher than the O3 season averages, except in Houston where the highest O3 concentrations are 

often 6 observed in April-May and September-October. The diurnal patterns are generally quite 

similar from area to area, with most of the variation occurring in the peak heights during the 

daytime hours. 
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Figure 2-6 Diurnal Profiles of Seasonally Averaged Composite Monitor Values in the 

Urban Case Study Areas, 2006-2008 
 
 Table 2-6 shows the distribution of the hourly composite monitor values calculated from 

the observed and rollback concentrations in the 12 urban case study areas in 2006-2008, and 

Table 2-7 shows the distribution of the respective daily maximum 8-hour composite monitor 

values.  The distributions are similar to those shown for the observed data in Tables 2-3 and 2-4, 

except for reduced variance in the tails of the distributions due to the spatial averaging.  The 

distributions of the daily maximum 1-hour and daily mean 8-hour (10AM – 6PM) composite 

monitor values are not shown because they were already highly correlated (R > 0.96) with the 

daily maximum 8-hour values. 
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Table 2-5a Distribution of Hourly Composite Monitor Values in the Urban Case Study 
Areas, 2006-2008 

Urban Area Status Min 1% 5% 10% 25% 50% 75% 90% 95% 99% Max

Atlanta 
Observed 2 2 2 5 13 28 45 61 69 85 130
Rollback 2 2 2 5 12 25 40 53 59 69 94 

Baltimore 
Observed 2 2 2 6 16 28 41 55 63 78 112
Rollback 2 2 2 6 15 26 38 49 55 67 88 

Boston 
Observed 2 5 10 14 21 31 41 52 60 74 97 
Rollback 2 5 10 13 20 29 39 49 56 68 87 

Cleveland 
Observed 2 5 9 12 20 30 41 53 61 74 99 
Rollback 2 5 9 12 19 28 39 49 56 67 86 

Denver 
Observed 2 2 2 7 16 30 44 54 60 70 97 
Rollback 2 2 2 6 15 28 40 49 54 62 83 

Detroit 
Observed 2 2 2 6 16 29 41 53 60 77 97 
Rollback 2 2 2 6 16 28 39 50 57 71 87 

Houston 
Observed 2 2 3 5 11 20 32 46 55 72 111
Rollback 2 2 3 4 10 19 30 41 49 62 88 

Los Angeles 
Observed 2 3 5 6 10 22 36 50 60 76 111
Rollback 2 3 4 5 9 19 31 41 47 57 71 

New York 
Observed 2 2 4 7 13 24 35 47 56 76 109
Rollback 2 2 4 7 13 23 33 43 51 66 90 

Philadelphia 
Observed 2 2 4 7 16 28 40 53 62 77 106
Rollback 2 2 4 6 15 26 36 46 53 64 91 

Sacramento 
Observed 2 2 5 7 14 25 37 51 61 81 118
Rollback 2 2 5 7 14 23 33 44 51 64 82 

Saint Louis 
Observed 2 2 5 9 17 29 43 56 63 78 107
Rollback 2 2 5 8 16 28 40 52 58 70 92 

 
Figures 2-7a and 2-7b compare the observed hourly and daily maximum 8-hour 

concentrations to their respective composite monitor values in 2006-2008.  The correlation 

between the observed and composite values is generally very high (R > 0.9), except in Los 

Angeles, where the unique terrain causes a larger amount of spatial variability between the O3 

monitors.  It is interesting to note that while the highest observed concentrations occurred in 

Houston and Los Angeles, these areas also had the most monitors.  The highest composite 

monitor values occurred in Atlanta, where there were fewer monitors and less spatial variability 

in the observed concentrations. 
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Table 2-5b Distribution of Daily Maximum 8-hour Composite Monitor Values in the 
Urban Case Study Areas, 2006-2008 

Urban Area Status Min 1% 5% 10% 25% 50% 75% 90% 95% 99% Max

Atlanta 
Observed 7 17 25 30 40 52 62 72 78 90 111
Rollback 7 17 24 28 36 46 53 60 64 72 82 

Baltimore 
Observed 12 15 21 25 34 44 56 65 72 82 92 
Rollback 12 14 20 23 31 40 49 57 62 69 75 

Boston 
Observed 12 17 23 26 32 41 50 61 68 78 89 
Rollback 12 16 22 25 30 38 47 57 63 71 81 

Cleveland 
Observed 12 17 23 26 33 42 52 63 69 78 88 
Rollback 11 16 22 25 31 40 48 58 63 70 78 

Denver 
Observed 4 16 25 30 39 47 55 61 64 70 84 
Rollback 4 15 23 28 36 43 50 54 57 62 71 

Detroit 
Observed 10 16 24 28 35 43 53 63 70 81 89 
Rollback 10 16 23 27 33 41 50 59 66 75 81 

Houston 
Observed 3 10 17 20 25 34 46 58 65 79 97 
Rollback 3 10 16 19 24 31 41 51 56 67 78 

Los Angeles 
Observed 7 12 18 21 29 41 52 62 68 78 90 
Rollback 7 12 16 19 26 35 42 48 52 57 63 

New York 
Observed 9 12 16 21 28 37 47 61 68 82 93 
Rollback 9 12 16 20 27 35 43 54 60 68 77 

Philadelphia 
Observed 9 14 20 24 33 43 53 65 71 80 96 
Rollback 9 13 19 22 30 38 46 55 60 67 82 

Sacramento 
Observed 5 10 17 21 32 41 52 65 72 86 99 
Rollback 5 10 16 20 29 37 45 54 59 67 74 

Saint Louis 
Observed 8 15 23 29 37 47 56 64 72 82 93 
Rollback 8 14 22 27 34 43 52 58 65 73 81 

 

Figures 2-7c and 2-7d compare the rollback hourly and daily maximum 8-hour 

concentrations to their respective composite monitor values in 2006-2008.  Aside from the 

reduced magnitude of the right-tail concentrations, the overall pattern is very similar to that of 

the observed data.  In several areas, the correlation between the rollback values and their 

respective composite values is even higher than in the observed case.  It is interesting to note that 

while the largest range of observed concentrations occurred in Los Angeles, the rollback 

concentrations in this area actually have the smallest range of the 12 urban areas. 
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Figure 2-7a Composite Monitor Values (x-axis) vs. All Monitored Concentrations (y-axis) 

in the Urban Case Study Areas, Observed Hourly 2006-2008 
 



2-22 

 

 
Figure 2-7b Composite Monitor Values (x-axis) vs. All Monitored Concentrations (y-axis) 

in the Urban Case Study Areas, Observed 8-hour Daily Maximum 2006-2008 
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Figure 2-7c Composite Monitor Values (x-axis) vs. All Monitored Concentrations (y-axis) 

in the Urban Case Study Areas, Rollback Hourly 2006-2008 
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Figure 2-7d Composite Monitor Values (x-axis) vs. All Monitored Concentrations (y-axis) 

in the Urban Case Study Areas, Rollback 8-hour Daily Maximum 2006-2008 
 

2.3.1.4 Seasonal O3 Metrics 

Health and welfare studies often characterize effects in terms of exposure metrics other 

than the current NAAQS metric (3-year average of the 4th highest daily maximum 8-hour O3 

concentration).  In order to better understand air quality trends in seasonal O3 concentrations, and 

how these vary with respect to maximum daily average 8-hour O3 concentrations, particularly in 

response to application of the quadratic rollback approach to simulate just meeting the current 
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standard, the following four metrics were calculated from the 2006-2008 and 2008-2010 hourly 

O3 data for further analysis:  

1) Annual 4th Highest Daily Maximum 8-Hour O3 Concentration (“Current metric”): Details 

for calculation of this metric are described in Section 1.2. 

2) Seasonal Average Daily Maximum 1-Hour O3 Concentration (“Average 1-hr max”): 

First, the daily maximum 1-hour concentrations were obtained for each monitoring day.  

The daily max concentrations were averaged by month of the year and used to construct 

weighted 3-month average for each consecutive 3-month period (Jan. – Mar., Feb. – Apr., 

..., Oct. – Dec.). Periods spanning two calendar years (Nov. – Jan., Dec. – Feb.) were not 

considered.  The 3-month averages were weighted based on the number of monitored 

days in each month.  The annual metric values were the highest 3-month average value in 

each calendar year. 

3) Seasonal Average Daily Maximum 8-Hour O3 Concentration (“Average 8-hr max”): This 

metric was similar the average 1-hr max, with daily maximum 8-hour concentrations 

instead of daily maximum 1-hour concentrations. 

4) W126: Details for the calculation of this metric are described in Chapter 4 of the Welfare 

REA (U.S. EPA, 2012b). 

 The four annual exposure metrics were calculated using the observed and rollback 

concentrations at each monitor in the 12-urban areas for the 2006-2008 and 2008-2010 design 

value periods.  The maximum values of each metric observed in each area and year are shown in 

Table 2-6 for 2006-2008.  Note that the maximum value in an area may have occurred at a 

different monitor each year, thus the 4th highest daily maximum rollback values do not 

necessarily average to 75 ppb. 

Since quadratic rollback has the greatest impact upon the highest concentrations, it is not 

surprising that the annual 4th highest daily maximum 8-hour concentrations are impacted more 

by rollback than the 3-month average metrics.  The W126 metric is a weighted average ozone 

value with more weight given to higher ozone days.  Therefore, it is not surprising that the 

quadratic rollback appears to have an even greater impact on the W126 metric than on the 

current NAAQS metric.  The current metric values in Table 2-6 are reduced by 8% to 39%, 

while the W126 metric values are reduced by 26% to 65%.  This occurs because reductions in 

individual hourly concentrations tend to have a compounding effect on cumulative exposure 

metrics such as W126. 
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Table 2-6 Maximum Values of Current and Alternative O3 Exposure Metrics in the 
Urban Case Study Areas, 2006-2008 

Urban Area Year 

Current Metric 
(ppb) 

Seasonal Average 
1-hr Max (ppb) 

Seasonal Average 
8-hr Max (ppb) 

W126 
(ppm-hr) 

Observed Rollback Observed Rollback Observed Rollback Observed Rollback 

Atlanta 

2006 99 77 75.1 62.1 65.7 55.3 30.1 14.6 
2007 102 79 74.1 61.0 62.6 52.8 26.1 13.3 

2008 89 71 68.4 57.5 59.1 50.7 20.7 9.5 

Baltimore 

2006 95 77 72.2 61.6 62.7 54.4 25.4 14.0 
2007 92 75 70.5 60.3 61.8 53.6 24.9 13.7 

2008 89 74 71.3 61.0 61.7 53.4 20.5 10.6 

Boston 

2006 85 77 58.1 54.1 53.3 49.5 13.4 9.7 
2007 89 81 58.6 54.4 52.5 48.8 15.6 11.3 

2008 81 74 59.3 55.2 54.5 50.8 12.9 9.0 

Cleveland 

2006 83 73 64.7 58.9 58.7 53.7 20.0 12.8 
2007 92 81 66.8 60.8 60.9 55.7 22.2 14.8 

2008 83 74 60.1 55.0 54.4 50.0 14.7 9.2 

Denver 

2006 90 78 77.3 68.0 69.1 61.4 35.3 21.6 
2007 90 78 77.5 68.2 68.4 61.0 34.0 21.0 

2008 80 70 71.6 63.7 64.7 58.0 27.4 15.8 

Detroit 

2006 78 72 58.1 54.2 52.3 49.0 12.8 9.0 
2007 93 84 59.6 55.5 54.3 50.8 15.9 11.7 

2008 76 70 55.2 51.7 50.2 47.2 10.2 7.1 

Houston 

2006 106 85 65.0 56.2 55.9 49.1 17.7 9.9 
2007 90 75 57.4 50.3 50.0 44.4 11.6 6.5 

2008 83 70 60.7 52.7 49.8 44.5 11.8 6.6 

Los Angeles 

2006 125 76 98.8 67.5 83.5 60.1 55.6 19.9 
2007 126 77 100.7 68.3 87.3 62.0 62.7 21.8 

2008 120 76 107.0 71.1 90.6 63.9 67.3 24.0 

New York 

2006 96 80 66.5 57.8 59.6 52.3 23.6 13.4 
2007 97 80 64.9 56.6 58.5 51.4 21.2 11.9 

2008 90 75 67.1 58.6 58.8 51.9 20.6 11.6 

Philadelphia 

2006 92 75 67.7 57.7 59.7 51.7 23.6 12.1 
2007 102 80 66.5 56.9 58.9 50.9 21.2 10.8 

2008 89 73 68.5 58.5 60.1 52.1 22.0 11.2 

Sacramento 

2006 105 77 82.7 64.8 72.8 58.5 42.4 18.7 
2007 93 71 72.6 58.8 64.7 53.4 29.5 11.6 

2008 112 81 85.5 65.7 72.4 58.1 40.2 19.0 

Saint Louis 

2006 92 80 71.5 63.9 61.9 56.0 25.4 16.9 
2007 94 82 67.1 60.4 60.0 54.4 23.4 15.6 

2008 76 68 58.0 52.8 51.7 47.4 10.6 6.5 

  

2.3.2 Evaluation of Quadratic Rollback Applied Nationally 

 Quadratic rollback was applied to national air quality data from the 2006-2008 period, 

using the method described in Section 2.2.3, for the Welfare REA to create a national-scale fused 
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surface of W126 concentrations when simulating just meeting the current standard of 0.075 ppb  

(U.S. EPA, 2012b, Chapter 4).  There were 145 areas5 with at least one violating monitor in 

2006-2008.  Figure 2-8a and 2-8b show maps of the observed and rollback 2006-2008 O3 design 

values, respectively. 

Next, the four metrics described in section 2.3.1.4 (current metric, average 1-hr max, 

average 8-hr max, W126) were calculated using the national observed and rollback data in 2006-

2008.  Monitors outside of the violating areas defined by the national rollback procedure were 

included in the analysis.  For these monitors, the observed data were used to represent both the 

observed and rollback scenarios. 

Figure 2.9 shows box-and-whisker plots comparing the observed and rollback values for 

each of these metrics in the 2006-2008 period.  The current metric values appear to be more 

strongly affected by rollback than the average 1-hr max and average 8-hr max metric values.  

The current metric values tend to be higher and have a larger variance than the seasonal average 

metrics.  The average 1-hr max values are higher than the average 8-hr max values, with similar 

variance.  The W126 metric appears to be the most greatly affected by quadratic rollback, with 

the right tail values of the observed distribution reduced by over 50%.  The distributions of all 

four metrics appear to decrease in magnitude slightly from 2006 to 2008, with little change in 

variance from year to year.  

Next, the metric values were mapped to show spatial variability.  Maps of the observed 

and rollback metric values for 2007 are shown in Figures 2-10a, b, c, and d.  The highest 

observed values occur in Southern California for all four metrics.  The current metric tends to 

have much higher observed values near large urban areas, while the rollback values appear to be 

much more spatially uniform.  The observed average 1-hr max and average 8-hr max values 

appear to be much more spatially uniform than the current metric.  There was much less 

distinction between urban and rural areas, and less distinction between the Eastern and Western 

U.S.  After quadratic rollback was applied, the highest values of both metrics appeared mostly in 

mountainous areas, especially for the average 8-hr max metric.  The W126 metric also tended to 

have higher values in the Western U.S. relative to the Eastern U.S., probably due to less 

meteorological variability during the summer months.  The distinction between urban and rural 

areas also appeared in the observed W126 metric values, although it was not as strong as the 

distinction seen in the current metric values.  For both the current metric and the W126 metric, 

the distinction between urban and rural areas was not evident in the rollback values. 

 

 

                                                 
5 Areas definitions are described Section 2.2.3. 
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Figure 2-8a Observed 2006-2008 O3 Design Values 

 
Figure 2-8b Rollback 2006-2008 O3 Design Values 
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Figure 2-9 Boxplots of Observed and Rollback Current Metric, Average 1-hr Max, 

Average 8-hr Max, and W126 Values, 2006-2008 
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Figure 2-10a Map of Observed (top) and Rollback (bottom) 4th Highest Maximum Daily 

8-hr Average Ozone Values, 2007 
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Figure 2-10b Map of Observed (top) and Rollback (bottom) Average 1-hr Max Values, 

2007 
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Figure 2-10c Map of Observed (top) and Rollback (bottom) Average 8-hr Max Values, 

2007 
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Figure 2-10d Map of Observed (top) and Rollback (bottom) W126 Values, 2007 
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 Next, the observed values of the four O3 exposure metrics were plotted against their 

respective rollback values to visualize the effect of quadratic rollback on each metric.  The 

resulting scatter plots are shown in Figure 2-11.  These figures provide a visual representation of 

the same conclusion that was reached in the previous section for the urban case study areas: 

quadratic rollback has the greatest effect on W126, followed by the current metric, while the two 

seasonal average metrics are affected to a much lesser extent. 

 
Figure 2-11 Observed vs. Rollback Values for O3 Exposure Metrics, 2006-2008 
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Appendix A: Ozone Design Values  (ppm) in Locations where U.S. Epidemiologic Studies have been Conducted 



Table A-1. Medina-Ramon et al. (2006) 

city_name  census_area_name  dv1986_1988 dv1987_1989 dv1988_1990  dv1989_1991 dv1990_1992 dv1991_1993
Honolulu, HI  Honolulu, HI  0.026 0.020 0.018        

Colorado 
Springs, CO 

Colorado Springs, 
CO  0.061 0.063   0.066 0.063 0.062

Spokane, WA  Spokane, WA              

Palm Beach, 
FL 

Palm Beach County, 
FL  0.071 0.071 0.070  0.064 0.061 0.067

Minneapolis, 
MN 

Minneapolis‐St. 
Paul‐Bloomington, 
MN‐WI  0.077 0.080 0.079  0.068 0.070 0.069

Provo/Orem, 
UT  Provo‐Orem, UT  0.079 0.076         

Seattle, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.071 0.076 0.079  0.078 0.086 0.077

Denver, CO 
Denver‐Aurora‐
Broomfield, CO  0.088 0.087 0.086  0.080 0.074 0.071

Salt Lake City, 
UT  Salt Lake City, UT  0.084 0.085 0.082  0.078 0.075 0.076

Steubenville, 
OH 

Weirton‐
Steubenville, WV‐
OH  0.086 0.090 0.088  0.085 0.083 0.085

San Francisco, 
CA 

San Francisco‐
Oakland‐Fremont, 
CA  0.087 0.089 0.087  0.084 0.082 0.081

Columbus, OH  Columbus, OH  0.093 0.097 0.095  0.089 0.092 0.090

Detroit, MI 
Detroit‐Warren‐
Livonia, MI  0.100 0.099 0.099  0.096 0.091 0.089

Youngstown, 
OH 

Youngstown‐
Warren‐Boardman, 
OH‐PA  0.101 0.103 0.099  0.090 0.091 0.091

Cleveland, OH 
Cleveland‐Elyria‐
Mentor, OH  0.104 0.105 0.104  0.093 0.090 0.092



Pittsburgh, PA  Pittsburgh, PA  0.104 0.107 0.098  0.092 0.088 0.095

St Louis, MO  St. Louis, MO‐IL  0.114 0.111 0.102  0.098 0.098 0.091

Nashville, TN 

Nashville‐
Murfreesboro‐
Franklin, TN  0.106 0.104 0.104  0.096 0.096 0.095

Washington, 
DC 

Washington‐
Arlington‐
Alexandria, DC‐VA‐
MD‐WV  0.116 0.115 0.107  0.100 0.100 0.101

Jersey City, NJ  Hudson County, NJ  0.117 0.118 0.115  0.107 0.104 0.103

Sacramento, 
CA 

Sacramento‐Arden 
Arcade‐Roseville, CA  0.114 0.114 0.107  0.105 0.105 0.110

New Haven, 
CT 

New Haven‐Milford, 
CT  0.112 0.113 0.116  0.116 0.113 0.108

Philadelphia, 
PA 

Philadelphia‐
Camden‐
Wilmington, PA‐NJ‐
DE‐MD  0.132 0.123 0.120  0.113 0.107 0.106

San Diego, CA 
San Diego‐Carlsbad‐
San Marcos, CA  0.121 0.125 0.129  0.125 0.118 0.112

New York City, 
NY 

New York‐Northern 
New Jersey‐Long 
Island, NY‐NJ‐PA  0.129 0.129 0.128  0.122 0.116 0.108

Houston, TX 
Houston‐Sugar 
Land‐Baytown, TX  0.118 0.117 0.119  0.119 0.116 0.104

Los Angeles, 
CA 

Los Angeles‐Long 
Beach‐Santa Ana, 
CA  0.205 0.192 0.186  0.179 0.177 0.177

 

Table A-1. Continued 

city_name 
census_area 
name  dv1992_1994 dv1993_1995 dv1994_1996  dv1995_1997 dv1996_1998 dv1997_1999

Honolulu, HI  Honolulu, HI            0.045 0.048



Colorado 
Springs, CO 

Colorado 
Springs, CO  0.061 0.061 0.056       0.062

Spokane, WA  Spokane, WA     0.064 0.066  0.066 0.068 0.067

Palm Beach, FL 
Palm Beach 
County, FL  0.068 0.073 0.069  0.067 0.071 0.076

Minneapolis, 
MN 

Minneapolis‐
St. Paul‐
Bloomington
, MN‐WI  0.070 0.072 0.074  0.071 0.070 0.074

Provo/Orem, 
UT 

Provo‐Orem, 
UT  0.069 0.068 0.071  0.076 0.082 0.082

Seattle, WA 

Seattle‐
Tacoma‐
Bellevue, WA  0.074 0.071 0.076  0.078 0.081 0.074

Denver, CO 

Denver‐
Aurora‐
Broomfield, 
CO  0.074 0.081 0.081  0.079 0.084 0.083

Salt Lake City, 
UT 

Salt Lake 
City, UT  0.079 0.082 0.089  0.085 0.088 0.082

Steubenville, 
OH 

Weirton‐
Steubenville, 
WV‐OH  0.080 0.087 0.086  0.085 0.084 0.087

San Francisco, 
CA 

San 
Francisco‐
Oakland‐
Fremont, CA  0.082 0.087 0.093  0.090 0.089 0.086

Columbus, OH 
Columbus, 
OH  0.086 0.090 0.092  0.092 0.093 0.097

Detroit, MI 

Detroit‐
Warren‐
Livonia, MI  0.088 0.093 0.094  0.092 0.093 0.095

Youngstown, 
OH 

Youngstown‐
Warren‐ 0.089 0.091 0.092  0.093 0.096 0.096



Boardman, 
OH‐PA 

Cleveland, OH 

Cleveland‐
Elyria‐
Mentor, OH  0.093 0.098 0.100  0.099 0.098 0.099

Pittsburgh, PA 
Pittsburgh, 
PA  0.096 0.105 0.103  0.105 0.099 0.101

St Louis, MO 
St. Louis, 
MO‐IL  0.091 0.098 0.104  0.100 0.095 0.095

Nashville, TN 

Nashville‐
Murfreesbor
o‐Franklin, 
TN  0.096 0.099 0.099  0.099 0.101 0.102

Washington, 
DC 

Washington‐
Arlington‐
Alexandria, 
DC‐VA‐MD‐
WV  0.096 0.098 0.094  0.100 0.101 0.106

Jersey City, NJ 
Hudson 
County, NJ  0.096 0.100 0.095  0.098 0.093 0.100

Sacramento, 
CA 

Sacramento‐
Arden 
Arcade‐
Roseville, CA  0.104 0.106 0.106  0.099 0.103 0.103

New Haven, CT 
New Haven‐
Milford, CT  0.097 0.105 0.101  0.107 0.100 0.103

Philadelphia, 
PA 

Philadelphia‐
Camden‐
Wilmington, 
PA‐NJ‐DE‐
MD  0.099 0.104 0.101  0.110 0.107 0.110

San Diego, CA 

San Diego‐
Carlsbad‐San 
Marcos, CA  0.109 0.108 0.104  0.099 0.102 0.099



New York City, 
NY 

New York‐
Northern 
New Jersey‐
Long Island, 
NY‐NJ‐PA  0.100 0.106 0.104  0.108 0.104 0.107

Houston, TX 

Houston‐
Sugar Land‐
Baytown, TX  0.110 0.114 0.116  0.117 0.116 0.118

Los Angeles, CA 

Los Angeles‐
Long Beach‐
Santa Ana, 
CA  0.168 0.156 0.145  0.135 0.133 0.118

 

Table A-2. Zanobetti and Schwartz (2006) 

city_name  census_area_name dv1995_1997 dv1996_1998 dv1997_1999
Boston, MA  Boston‐Cambridge‐Quincy, MA‐NH 0.095  0.091 0.093

 

Table A-3. Ito et al. (2007) 

city_name  census_area_name dv1999_2001 dv2000_2002
New York City, NY  New York‐Northern New Jersey‐Long Island, NY‐NJ‐PA 0.109 0.115

 

Table A-4. Tolbert et al. (2007); Strickland et al. (2010); Darrow et al. (2011) 

city_name  census_area_name 
dv1993
_1995

dv1994_
1996

dv1995_
1997

dv1996_
1998

dv1997_
1999

dv1998_
2000

dv1999_
2001

dv2000_
2002

dv2001_
2003

dv2002_
2004

Atlanta, 
GA 

Atlanta‐Sandy 
Springs‐Marietta, 
GA  0.109 0.105 0.110 0.113 0.118  0.121 0.107 0.099 0.091 0.093

 

Table A-5. Lin et al. (2008) 

city_name  census_area_name 
dv1991
_1993

dv1992
_1994

dv1993
_1995

dv1994
_1996 

dv1995
_1997

dv1996
_1998

dv1997
_1999

dv1998
_2000

dv1999
_2001



Nick's 
Lake, NY  Herkimer County, NY  0.070 0.070 0.069  0.070 0.068 0.072 0.070 0.072

Camden, 
NY  Oneida County, NY  0.079 0.074 0.072 0.071  0.072 0.071 0.076 0.073 0.076

Schenecta
dy, NY  Schenectady County, NY  0.082 0.079 0.077 0.072  0.074 0.071 0.075 0.071 0.075

Piseco 
Lake, NY  Hamilton County, NY  0.073 0.074 0.073  0.075 0.075 0.079 0.077 0.077

Elmira, NY  Elmira, NY  0.081 0.076 0.076 0.074  0.073 0.075 0.079 0.079 0.079

Stillwater, 
NY  Saratoga County, NY  0.083 0.079 0.076 0.073  0.076 0.076 0.084 0.080 0.084

Syracuse, 
NY  Syracuse, NY  0.087 0.081 0.082 0.079  0.079 0.077 0.082 0.080 0.081

Amherst, 
NY  Erie County, NY  0.080 0.075 0.077 0.078  0.076 0.080 0.085 0.089 0.092

Loudonvill
e, NY  Albany County, NY  0.085 0.085 0.083 0.084  0.081 0.080 0.080 0.077 0.080

Rochester, 
NY  Rochester, NY  0.088 0.080 0.085 0.081  0.083 0.080 0.086 0.081 0.081

Williamso
n, NY  Wayne County, NY  0.088 0.080 0.085 0.081  0.083 0.080 0.086 0.081 0.081

Belleayre, 
NY  Ulster County, NY  0.091 0.086 0.084 0.080  0.082 0.081 0.083 0.080 0.081

Whiteface, 
NY  Essex County, NY  0.093 0.086 0.086 0.085  0.086 0.081 0.081 0.081 0.083

Dunkirk, 
NY  Chautauqua County, NY  0.080 0.081 0.083 0.083  0.085 0.087 0.089 0.088 0.089

Westfield, 
NY  Chautauqua County, NY  0.080 0.081 0.083 0.083  0.085 0.087 0.089 0.088 0.089

Middlepor
t, NY  Niagara County, NY  0.086 0.083 0.087 0.086  0.085 0.083 0.086 0.085 0.087

Perch 
River, NY  Jefferson County, NY  0.090 0.083 0.088 0.085  0.088 0.085 0.090 0.083 0.087



Millbrook, 
NY  Dutchess County, NY  0.097 0.092 0.093 0.089  0.090 0.089 0.090 0.087 0.087

Mt. 
Ninham, 
NY  Putnam County, NY  0.090  0.090 0.091 0.094 0.089 0.089

White 
Plains, NY  Westchester County, NY  0.096 0.090 0.094 0.093  0.094 0.091 0.098 0.092 0.092

Babylon, 
NY  Suffolk County, NY  0.099 0.093 0.099 0.097  0.102 0.097 0.098 0.094 0.091

Riverhead, 
NY  Suffolk County, NY  0.099 0.093 0.099 0.097  0.102 0.097 0.098 0.094 0.091

New York 
City, NY 

New York‐Northern New Jersey‐
Long Island, NY‐NJ‐PA  0.108 0.100 0.106 0.104  0.108 0.104 0.107 0.107 0.109

Georgeto
wn, NY  Madison County, NY  0.087 0.081 0.081 0.077  0.077 0.077 0.079 0.078 0.078

Grafton, 
NY  Rensselaer County, NY 
Central 
Valley, NY  Orange County, NY  0.091 0.089 0.090 0.086 0.087

 

Table A-6. Katsouyanni et al. (2009), Morbidity 

city_name  census_area_name 
dv1987_
1989

dv1988_
1990

dv1989_
1991

dv1990_
1992 

dv1991_
1993

dv1992_
1994

dv1993_
1995

dv1994_
1996

Colorado 
Springs, CO  Colorado Springs, CO  0.063 0.066 0.063 0.062 0.061 0.061 0.056

Spokane, WA  Spokane, WA  0.064 0.066

Provo/Orem, 
UT  Provo‐Orem, UT  0.076 0.069 0.068 0.071

Minneapolis, 
MN 

Minneapolis‐St. Paul‐
Bloomington, MN‐WI  0.080 0.079 0.068 0.070 0.069 0.070 0.072 0.074

Boulder, CO  Boulder, CO  0.082 0.078 0.076 0.073 0.073 0.071 0.072 0.071

Seattle, WA  Seattle‐Tacoma‐Bellevue, WA 0.076 0.079 0.078 0.086 0.077 0.074 0.071 0.076

Birmingham,  Birmingham‐Hoover, AL 0.094 0.093 0.084 0.088 0.089 0.092 0.096 0.096



AL 

Canton, OH  Canton‐Massillon, OH 0.103 0.101 0.091 0.089 0.089 0.088 0.091 0.089

Youngstown, 
OH 

Youngstown‐Warren‐
Boardman, OH‐PA  0.103 0.099 0.090 0.091 0.091 0.089 0.091 0.092

Detroit, MI  Detroit‐Warren‐Livonia, MI 0.099 0.099 0.096 0.091 0.089 0.088 0.093 0.094

Pittsburgh, PA  Pittsburgh, PA  0.107 0.098 0.092 0.088 0.095 0.096 0.105 0.103

Nashville, TN 
Nashville‐Murfreesboro‐
Franklin, TN  0.104 0.104 0.096 0.096 0.095 0.096 0.099 0.099

Chicago, IL 
Chicago‐Naperville‐Joliet, IL‐
IN‐WI  0.114 0.114 0.104 0.099 0.100 0.093 0.099 0.097

New Haven, 
CT  New Haven‐Milford, CT 0.113 0.116 0.116 0.113 0.108 0.097 0.105 0.101

 

Table A-7. Mar and Koenig (2009) 

city_name  census_area_name dv1998_2000  dv1999_2001 dv2000_2002
Seattle, WA  Seattle‐Tacoma‐Bellevue, WA 0.075 0.069 0.068

 

Table A-8. Silverman and Ito (2010) 

city_name  census_area_name  dv1999_2001 dv2000_2002 dv2001_2003  dv2002_2004 dv2003_2005 dv2004_2006

New York 
City, NY 

New York‐Northern 
New Jersey‐Long 
Island, NY‐NJ‐PA  0.109 0.115 0.109  0.102 0.094 0.093

 

Table A-9. Sinclair et al. (2010) 

city_name  census_area_name dv1998_2000  dv1999_2001 dv2000_2002
Atlanta, GA  Atlanta‐Sandy Springs‐Marietta, GA 0.121 0.107 0.099

 



Table A-10. Bell et al. (2004) 

city_name census_area_name  dv1987_1989 dv1988_1990 dv1989_1991  dv1990_1992 dv1991_1993 dv1992_1994
Honolulu, HI  Honolulu, HI  0.020 0.018

Lincoln, NE  Lincoln, NE  0.058 0.061 0.058  0.061 0.058 0.059

Colorado 
Springs, CO 

Colorado Springs, 
CO  0.063 0.066  0.063 0.062 0.061

Des Moines, IA 
Des Moines‐West 
Des Moines, IA 

Cedar Rapids, 
IA  Cedar Rapids, IA  0.076 0.070 0.063 0.064 0.064

Spokane, WA  Spokane, WA 

Omaha, NE 
Omaha‐Council 
Bluffs, NE‐IA  0.077 0.078 0.072  0.071 0.065 0.062

Albuquerque, 
NM  Albuquerque, NM  0.073 0.073 0.071  0.071 0.069 0.070

Wichita, KS  Wichita, KS  0.080 0.081 0.075  0.073 0.067 0.065

Tucson, AZ  Tucson, AZ  0.068 0.074 0.069  0.072 0.077 0.078

Portland, OR 

Portland‐
Vancouver‐
Beaverton, OR‐WA  0.077 0.085 0.082  0.091 0.076 0.078

Mobile, AL  Mobile, AL  0.078 0.080 0.062  0.064 0.070 0.074

Seattle, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.076 0.079 0.078  0.086 0.077 0.074

Tacoma, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.076 0.079 0.078  0.086 0.077 0.074

Jackson, MS  Jackson, MS  0.075 0.079 0.076  0.076 0.074 0.075



Miami, FL 

Miami‐Fort 
Lauderdale‐
Pompano Beach, FL  0.083 0.079 0.075  0.073 0.076 0.080

Madison, WI  Madison, WI  0.091 0.079 0.081  0.079 0.073 0.072

Las Vegas, NV 
Las Vegas‐Paradise, 
NV  0.081 0.078 0.078  0.076 0.075 0.079

Columbus, GA  Columbus, GA‐AL  0.079 0.075 0.071  0.073 0.077

Denver, CO 
Denver‐Aurora‐
Broomfield, CO  0.087 0.086 0.080  0.074 0.071 0.074

Little Rock, AR 

Little Rock‐North 
Little Rock‐
Conway, AR  0.085 0.082 0.079  0.080 0.078 0.077

Orlando, FL 
Orlando‐
Kissimmee, FL  0.082 0.082 0.080  0.079 0.078 0.082

Corpus Christi, 
TX  Corpus Christi, TX  0.089 0.085 0.079  0.077 0.078 0.079

El Paso, TX  El Paso, TX  0.088 0.083 0.080  0.079 0.078 0.081

Salt Lake City, 
UT  Salt Lake City, UT  0.085 0.082 0.078  0.075 0.076 0.079

Jacksonville, FL  Jacksonville, FL  0.086 0.084 0.081  0.079 0.079 0.081

Syracuse, NY  Syracuse, NY  0.092 0.088 0.083  0.083 0.087 0.081

Lafayette, LA  Lafayette, LA  0.085 0.083 0.077 

St. Petersburg, 
FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.086 0.085 0.079  0.081 0.080 0.080

Tampa, FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.086 0.085 0.079  0.081 0.080 0.080



Huntsville, AL  Huntsville, AL  0.087 0.083 0.077  0.082 0.085 0.083

Austin, TX 
Austin‐Round Rock, 
TX  0.084 0.086 0.084  0.084 0.081 0.082

New Orleans, 
LA 

New Orleans‐
Metairie‐Kenner, 
LA  0.090 0.085 0.077  0.080 0.081 0.086

San Antonio, 
TX  San Antonio, TX  0.085 0.085 0.082  0.079 0.079 0.082

Oklahoma City, 
OK  Oklahoma City, OK  0.087 0.087 0.086  0.084 0.081 0.081

San Jose, CA 

San Jose‐
Sunnyvale‐Santa 
Clara, CA  0.097 0.088 0.082  0.083 0.080 0.080

Lake Charles, 
LA  Lake Charles, LA  0.093 0.090 0.087  0.086 0.079 0.079

Shreveport, LA 
Shreveport‐Bossier 
City, LA  0.087 0.088 0.084  0.086 0.085 0.086

Lexington, KY 
Lexington‐Fayette, 
KY  0.099 0.096 0.085  0.078 0.077 0.079

Oakland, CA 

San Francisco‐
Oakland‐Fremont, 
CA  0.089 0.087 0.084  0.082 0.081 0.082

Rochester, NY  Rochester, NY  0.099 0.095 0.092  0.090 0.088 0.080

Phoenix, AZ 
Phoenix‐Mesa‐
Scottsdale, AZ  0.077 0.082 0.083  0.091 0.088 0.086

Kansas City, KS  Kansas City, MO‐KS  0.088 0.086 0.082  0.083 0.082 0.082

Kansas City, 
MO  Kansas City, MO‐KS  0.088 0.086 0.082  0.083 0.082 0.082

Stockton, CA  Stockton, CA  0.093 0.090 0.087  0.088 0.088 0.087

Tulsa, OK  Tulsa, OK  0.089 0.090 0.087  0.087 0.082 0.083



Johnstown, PA  Johnstown, PA  0.097 0.093 0.086  0.083 0.084 0.080

Buffalo, NY 
Buffalo‐Niagara 
Falls, NY  0.100 0.095 0.089  0.088 0.086 0.083

Toledo, OH  Toledo, OH  0.102 0.099 0.086  0.082 0.085 0.086

Ft. Wayne, IN  Fort Wayne, IN  0.094 0.092 0.087  0.085 0.085 0.088

Dayton, OH  Dayton, OH  0.096 0.092 0.086  0.082 0.084 0.086

Grand Rapids, 
MI 

Grand Rapids‐
Wyoming, MI  0.105 0.103 0.096  0.090 0.085 0.081

Newark, NJ  Essex County, NJ  0.105 0.098 0.088  0.086 0.084 0.081

Worcester, MA  Worcester, MA  0.091 0.091 0.089  0.091 0.095

Raleigh, NC  Raleigh‐Cary, NC  0.099 0.093 0.089  0.086 0.087 0.086

Columbus, OH  Columbus, OH  0.097 0.095 0.089  0.092 0.090 0.086

Memphis, TN 
Memphis, TN‐MS‐
AR  0.095 0.095 0.089  0.091 0.090 0.090

Detroit, MI 
Detroit‐Warren‐
Livonia, MI  0.099 0.099 0.096  0.091 0.089 0.088

Birmingham, 
AL 

Birmingham‐
Hoover, AL  0.094 0.093 0.084  0.088 0.089 0.092

Knoxville, TN  Knoxville, TN  0.093 0.094 0.086  0.089 0.088 0.089

Indianapolis, 
IN 

Indianapolis‐
Carmel, IN  0.098 0.095 0.091  0.089 0.087 0.090

Arlington, VA 
Arlington County, 
VA  0.106 0.101 0.093  0.092 0.096 0.091

Baton Rouge, 
LA  Baton Rouge, LA  0.098 0.101 0.099  0.096 0.090 0.087

Boston, MA 
Boston‐Cambridge‐
Quincy, MA‐NH  0.105 0.101 0.098  0.092 0.096 0.093

Modesto, CA  Modesto, CA  0.102 0.099 0.095  0.092 0.086 0.093

Akron, OH  Akron, OH  0.112 0.109 0.099  0.093 0.094 0.088



Louisville, KY 
Louisville/Jefferson 
County, KY‐IN  0.098 0.099 0.096  0.092 0.094 0.094

Milwaukee, WI 

Milwaukee‐
Waukesha‐West 
Allis, WI  0.117 0.105 0.101  0.095 0.090 0.084

Cincinnati, OH 

Cincinnati‐
Middletown, OH‐
KY‐IN  0.106 0.107 0.102  0.095 0.091 0.091

Cleveland, OH 
Cleveland‐Elyria‐
Mentor, OH  0.105 0.104 0.093  0.090 0.092 0.093

Charlotte, NC 

Charlotte‐
Gastonia‐Concord, 
NC‐SC  0.104 0.101 0.092  0.091 0.091 0.092

Coventry, RI  Kent County, RI  0.108 0.108 0.107  0.105 0.099 0.088

Providence, RI 

Providence‐New 
Bedford‐Fall River, 
RI‐MA  0.108 0.108 0.107  0.105 0.099 0.092

St Louis, MO  St. Louis, MO‐IL  0.111 0.102 0.098  0.098 0.091 0.091

Pittsburgh, PA  Pittsburgh, PA  0.107 0.098 0.092  0.088 0.095 0.096

Muskegon, MI 
Muskegon‐Norton 
Shores, MI  0.117 0.113 0.109  0.093 0.086

Nashville, TN 

Nashville‐
Murfreesboro‐
Franklin, TN  0.104 0.104 0.096  0.096 0.095 0.096

Chicago, IL 
Chicago‐Naperville‐
Joliet, IL‐IN‐WI  0.114 0.114 0.104  0.099 0.100 0.093



Biddeford, ME 

Portland‐South 
Portland‐
Biddeford, ME  0.117 0.115 0.109  0.105 0.102 0.095

Dallas/Ft 
Worth, TX 

Dallas‐Fort Worth‐
Arlington, TX  0.100 0.105 0.105  0.099 0.095 0.096

Washington, 
DC 

Washington‐
Arlington‐
Alexandria, DC‐VA‐
MD‐WV  0.115 0.107 0.100  0.100 0.101 0.096

Jersey City, NJ  Hudson County, NJ  0.118 0.115 0.107  0.104 0.103 0.096

Sacramento, 
CA 

Sacramento‐Arden 
Arcade‐Roseville, 
CA  0.114 0.107 0.105  0.105 0.110 0.104

Baltimore, MD 
Baltimore‐Towson, 
MD  0.125 0.115 0.104  0.106 0.107 0.103

Philadelphia, 
PA 

Philadelphia‐
Camden‐
Wilmington, PA‐NJ‐
DE‐MD  0.123 0.120 0.113  0.107 0.106 0.099

Atlanta, GA 

Atlanta‐Sandy 
Springs‐Marietta, 
GA  0.113 0.107 0.104  0.105 0.101 0.101

Anaheim, CA  Orange County, CA  0.141 0.138 0.127  0.120 0.114 0.117

Fresno, CA  Fresno, CA  0.115 0.110 0.108  0.108 0.111 0.107

San Diego, CA 

San Diego‐
Carlsbad‐San 
Marcos, CA  0.125 0.129 0.125  0.118 0.112 0.109



New York City, 
NY 

New York‐Northern 
New Jersey‐Long 
Island, NY‐NJ‐PA  0.129 0.128 0.122  0.116 0.108 0.100

Bakersfield, CA  Bakersfield, CA  0.116 0.112 0.118  0.115 0.112 0.111

Houston, TX 
Houston‐Sugar 
Land‐Baytown, TX  0.117 0.119 0.119  0.116 0.104 0.110

Los Angeles, 
CA 

Los Angeles‐Long 
Beach‐Santa Ana, 
CA  0.192 0.186 0.179  0.177 0.177 0.168

Riverside, CA 

Riverside‐San 
Bernardino‐
Ontario, CA  0.188 0.185 0.182  0.180 0.177 0.171

San Bernadino, 
CA 

San Bernardino 
County, CA  0.188 0.185 0.182  0.180 0.177 0.171

 

Table A-10. Continued 

city_name census_area_name  dv1993_1995 dv1994_1996 dv1995_1997  dv1996_1998 dv1997_1999 dv1998_2000
Honolulu, HI  Honolulu, HI  0.045 0.048 0.047

Lincoln, NE  Lincoln, NE  0.057 0.058 0.056  0.055 0.055 0.056

Colorado 
Springs, CO 

Colorado Springs, 
CO  0.061 0.056 0.062 0.065

Des Moines, IA 
Des Moines‐West 
Des Moines, IA  0.062 0.066  0.061 0.066 0.071

Cedar Rapids, 
IA  Cedar Rapids, IA  0.062 0.063 0.062  0.060 0.069 0.072

Spokane, WA  Spokane, WA  0.064 0.066 0.066  0.068 0.067 0.067



Omaha, NE 
Omaha‐Council 
Bluffs, NE‐IA  0.062 0.067 0.067  0.063 0.072 0.074

Albuquerque, 
NM  Albuquerque, NM  0.071 0.074 0.069  0.073 0.071 0.075

Wichita, KS  Wichita, KS  0.065 0.072 0.074  0.078 0.080 0.080

Tucson, AZ  Tucson, AZ  0.081 0.079 0.079  0.077 0.075 0.073

Portland, OR 

Portland‐
Vancouver‐
Beaverton, OR‐WA  0.058 0.083 0.078  0.080 0.062 0.061

Mobile, AL  Mobile, AL  0.075 0.077 0.080  0.086 0.088 0.090

Seattle, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.071 0.076 0.078  0.081 0.074 0.075

Tacoma, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.071 0.076 0.078  0.081 0.074 0.075

Jackson, MS  Jackson, MS  0.076 0.077 0.077  0.080 0.081 0.083

Miami, FL 

Miami‐Fort 
Lauderdale‐
Pompano Beach, FL  0.080 0.074 0.075  0.077 0.078 0.079

Madison, WI  Madison, WI  0.072 0.080 0.081  0.078 0.080 0.078

Las Vegas, NV 
Las Vegas‐Paradise, 
NV  0.079 0.080 0.079  0.080 0.077 0.085

Columbus, GA  Columbus, GA‐AL  0.078 0.081 0.083  0.084 0.089 0.093

Denver, CO 
Denver‐Aurora‐
Broomfield, CO  0.081 0.081 0.079  0.084 0.083 0.086

Little Rock, AR 

Little Rock‐North 
Little Rock‐
Conway, AR  0.080 0.080 0.081  0.080 0.082 0.087



Orlando, FL 
Orlando‐
Kissimmee, FL  0.079 0.079 0.078  0.084 0.085 0.085

Corpus Christi, 
TX  Corpus Christi, TX  0.082 0.083 0.083  0.080 0.081 0.083

El Paso, TX  El Paso, TX  0.084 0.089 0.080  0.082 0.078 0.080

Salt Lake City, 
UT  Salt Lake City, UT  0.082 0.089 0.085  0.088 0.082 0.088

Jacksonville, FL  Jacksonville, FL  0.080 0.078 0.081  0.088 0.088 0.085

Syracuse, NY  Syracuse, NY  0.082 0.079 0.079  0.077 0.082 0.080

Lafayette, LA  Lafayette, LA  0.085 0.084  0.083 0.082 0.087

St. Petersburg, 
FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.080 0.081 0.082  0.088 0.090 0.088

Tampa, FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.080 0.081 0.082  0.088 0.090 0.088

Huntsville, AL  Huntsville, AL  0.080 0.078 0.082  0.086 0.090 0.091

Austin, TX 
Austin‐Round Rock, 
TX  0.084 0.084 0.081  0.081 0.089 0.089

New Orleans, 
LA 

New Orleans‐
Metairie‐Kenner, 
LA  0.084 0.085 0.083  0.084 0.086 0.091

San Antonio, 
TX  San Antonio, TX  0.087 0.087 0.087  0.085 0.088 0.086

Oklahoma City, 
OK  Oklahoma City, OK  0.084 0.085 0.083  0.085 0.086 0.084

San Jose, CA 

San Jose‐
Sunnyvale‐Santa 
Clara, CA  0.083 0.088 0.085  0.086 0.082 0.082

Lake Charles, 
LA  Lake Charles, LA  0.086 0.080 0.085  0.085 0.088 0.088



Shreveport, LA 
Shreveport‐Bossier 
City, LA  0.083 0.080 0.082  0.084 0.089 0.092

Lexington, KY 
Lexington‐Fayette, 
KY  0.087 0.087 0.085  0.085 0.087 0.085

Oakland, CA 

San Francisco‐
Oakland‐Fremont, 
CA  0.087 0.093 0.090  0.089 0.086 0.087

Rochester, NY  Rochester, NY  0.085 0.081 0.083  0.080 0.086 0.081

Phoenix, AZ 
Phoenix‐Mesa‐
Scottsdale, AZ  0.089 0.090 0.092  0.091 0.088 0.088

Kansas City, KS  Kansas City, MO‐KS  0.090 0.092 0.094  0.093 0.091 0.089

Kansas City, 
MO  Kansas City, MO‐KS  0.090 0.092 0.094  0.093 0.091 0.089

Stockton, CA  Stockton, CA  0.086 0.085 0.087  0.087 0.087 0.088

Tulsa, OK  Tulsa, OK  0.088 0.091 0.089  0.087 0.088 0.093

Johnstown, PA  Johnstown, PA  0.085 0.085 0.088  0.091 0.093 0.091

Buffalo, NY 
Buffalo‐Niagara 
Falls, NY  0.087 0.086 0.085  0.083 0.086 0.089

Toledo, OH  Toledo, OH  0.090 0.091 0.089  0.089 0.086 0.084

Ft. Wayne, IN  Fort Wayne, IN  0.089 0.093 0.090  0.090 0.088 0.090

Dayton, OH  Dayton, OH  0.092 0.093 0.091  0.093 0.093 0.090

Grand Rapids, 
MI 

Grand Rapids‐
Wyoming, MI  0.086 0.089 0.088  0.085 0.087 0.084

Newark, NJ  Essex County, NJ  0.088 0.088 0.092  0.088 0.093

Worcester, MA  Worcester, MA  0.095 0.089 0.087  0.087 0.094 0.088

Raleigh, NC  Raleigh‐Cary, NC  0.087 0.087 0.089  0.096 0.103 0.101

Columbus, OH  Columbus, OH  0.090 0.092 0.092  0.093 0.097 0.095

Memphis, TN 
Memphis, TN‐MS‐
AR  0.091 0.094 0.095  0.093 0.095 0.097



Detroit, MI 
Detroit‐Warren‐
Livonia, MI  0.093 0.094 0.092  0.093 0.095 0.089

Birmingham, 
AL 

Birmingham‐
Hoover, AL  0.096 0.096 0.095  0.095 0.097 0.102

Knoxville, TN  Knoxville, TN  0.093 0.093 0.095  0.100 0.104 0.104

Indianapolis, 
IN 

Indianapolis‐
Carmel, IN  0.094 0.098 0.097  0.098 0.097 0.095

Arlington, VA 
Arlington County, 
VA  0.095 0.090 0.091  0.092 0.097 0.092

Baton Rouge, 
LA  Baton Rouge, LA  0.091 0.094 0.096  0.095 0.094 0.098

Boston, MA 
Boston‐Cambridge‐
Quincy, MA‐NH  0.096 0.094 0.095  0.091 0.093 0.086

Modesto, CA  Modesto, CA  0.095 0.096 0.096  0.098 0.095 0.096

Akron, OH  Akron, OH  0.090 0.089 0.091  0.092 0.094 0.093

Louisville, KY 
Louisville/Jefferson 
County, KY‐IN  0.100 0.094 0.092  0.094 0.096 0.099

Milwaukee, WI 

Milwaukee‐
Waukesha‐West 
Allis, WI  0.092 0.097 0.098  0.093 0.097 0.092

Cincinnati, OH 

Cincinnati‐
Middletown, OH‐
KY‐IN  0.098 0.099 0.095  0.092 0.095 0.094

Cleveland, OH 
Cleveland‐Elyria‐
Mentor, OH  0.098 0.100 0.099  0.098 0.099 0.095

Charlotte, NC 

Charlotte‐
Gastonia‐Concord, 
NC‐SC  0.094 0.094 0.097  0.103 0.104 0.104



Coventry, RI  Kent County, RI  0.096 0.094 0.096  0.090 0.092 0.088

Providence, RI 

Providence‐New 
Bedford‐Fall River, 
RI‐MA  0.097 0.094 0.097  0.090 0.092 0.088

St Louis, MO  St. Louis, MO‐IL  0.098 0.104 0.100  0.095 0.095 0.094

Pittsburgh, PA  Pittsburgh, PA  0.105 0.103 0.105  0.099 0.101 0.096

Muskegon, MI 
Muskegon‐Norton 
Shores, MI  0.096 0.101 0.099  0.091 0.093 0.091

Nashville, TN 

Nashville‐
Murfreesboro‐
Franklin, TN  0.099 0.099 0.099  0.101 0.102 0.100

Chicago, IL 
Chicago‐Naperville‐
Joliet, IL‐IN‐WI  0.099 0.097 0.096  0.091 0.095 0.093

Biddeford, ME 

Portland‐South 
Portland‐
Biddeford, ME  0.096 0.092 0.096  0.092 0.092 0.084

Dallas/Ft 
Worth, TX 

Dallas‐Fort Worth‐
Arlington, TX  0.106 0.104 0.104  0.098 0.101 0.102

Washington, 
DC 

Washington‐
Arlington‐
Alexandria, DC‐VA‐
MD‐WV  0.098 0.094 0.100  0.101 0.106 0.101

Jersey City, NJ  Hudson County, NJ  0.100 0.095 0.098  0.093 0.100 0.092

Sacramento, 
CA 

Sacramento‐Arden 
Arcade‐Roseville, 
CA  0.106 0.106 0.099  0.103 0.103 0.107



Baltimore, MD 
Baltimore‐Towson, 
MD  0.107 0.105 0.107  0.104 0.109 0.107

Philadelphia, 
PA 

Philadelphia‐
Camden‐
Wilmington, PA‐NJ‐
DE‐MD  0.104 0.101 0.110  0.107 0.110 0.106

Atlanta, GA 

Atlanta‐Sandy 
Springs‐Marietta, 
GA  0.109 0.105 0.110  0.113 0.118 0.121

Anaheim, CA  Orange County, CA  0.107 0.100 0.088  0.088 0.084 0.084

Fresno, CA  Fresno, CA  0.108 0.107 0.111  0.115 0.113 0.111

San Diego, CA 

San Diego‐
Carlsbad‐San 
Marcos, CA  0.108 0.104 0.099  0.102 0.099 0.100

New York City, 
NY 

New York‐Northern 
New Jersey‐Long 
Island, NY‐NJ‐PA  0.106 0.104 0.108  0.104 0.107 0.107

Bakersfield, CA  Bakersfield, CA  0.119 0.119 0.115  0.115 0.111 0.111

Houston, TX 
Houston‐Sugar 
Land‐Baytown, TX  0.114 0.116 0.117  0.116 0.118 0.112

Los Angeles, 
CA 

Los Angeles‐Long 
Beach‐Santa Ana, 
CA  0.156 0.145 0.135  0.133 0.118 0.115

Riverside, CA 

Riverside‐San 
Bernardino‐
Ontario, CA  0.165 0.161 0.148  0.154 0.147 0.146



San Bernadino, 
CA 

San Bernardino 
County, CA  0.165 0.161 0.148  0.154 0.147 0.146

 

 

Table A-11. Schwartz (2005) 

city_name  census_area_name dv1986_1988 dv1987_1989 dv1988_1990 dv1989_1991 dv1990_1992 dv1991_1993

Colorado 
Springs, CO  Colorado Springs, CO 0.061 0.063 0.066 0.063 0.062

Provo/Orem, UT  Provo‐Orem, UT  0.079 0.076

Boulder, CO  Boulder, CO  0.084 0.082 0.078 0.076 0.073 0.073

Seattle, WA 
Seattle‐Tacoma‐Bellevue, 
WA  0.071 0.076 0.079 0.078 0.086 0.077

Birmingham, AL  Birmingham‐Hoover, AL 0.104 0.094 0.093 0.084 0.088 0.089

Columbus, OH  Columbus, OH  0.093 0.097 0.095 0.089 0.092 0.090

Detroit, MI 
Detroit‐Warren‐Livonia, 
MI  0.100 0.099 0.099 0.096 0.091 0.089

Canton, OH  Canton‐Massillon, OH 0.102 0.103 0.101 0.091 0.089 0.089

Pittsburgh, PA  Pittsburgh, PA  0.104 0.107 0.098 0.092 0.088 0.095

Cincinnati, OH 
Cincinnati‐Middletown, 
OH‐KY‐IN  0.109 0.106 0.107 0.102 0.095 0.091

Chicago, IL 
Chicago‐Naperville‐Joliet, 
IL‐IN‐WI  0.112 0.114 0.114 0.104 0.099 0.100



New Haven, CT  New Haven‐Milford, CT 0.112 0.113 0.116 0.116 0.113 0.108

Houston, TX 
Houston‐Sugar Land‐
Baytown, TX  0.118 0.117 0.119 0.119 0.116 0.104

Spokane, WA  Spokane, WA 
 

 

Table A-12. Bell et al. (2006); Bell et al. (2007); Bell et al. (2008) 

city_name census_area_name  dv1987_1989 dv1988_1990 dv1989_1991  dv1990_1992 dv1991_1993 dv1992_1994
Honolulu, HI  Honolulu, HI  0.020 0.018

Lincoln, NE  Lincoln, NE  0.058 0.061 0.058  0.061 0.058 0.059

Colorado 
Springs, CO 

Colorado Springs, 
CO  0.063 0.066  0.063 0.062 0.061

Des Moines, IA 
Des Moines‐West 
Des Moines, IA 

Cedar Rapids, 
IA  Cedar Rapids, IA  0.076 0.070 0.063 0.064 0.064

Spokane, WA  Spokane, WA 

Omaha, NE 
Omaha‐Council 
Bluffs, NE‐IA  0.077 0.078 0.072  0.071 0.065 0.062

Albuquerque, 
NM  Albuquerque, NM  0.073 0.073 0.071  0.071 0.069 0.070

Wichita, KS  Wichita, KS  0.080 0.081 0.075  0.073 0.067 0.065

Tucson, AZ  Tucson, AZ  0.068 0.074 0.069  0.072 0.077 0.078

Portland, OR 

Portland‐
Vancouver‐
Beaverton, OR‐WA  0.077 0.085 0.082  0.091 0.076 0.078

Mobile, AL  Mobile, AL  0.078 0.080 0.062  0.064 0.070 0.074



Seattle, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.076 0.079 0.078  0.086 0.077 0.074

Tacoma, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.076 0.079 0.078  0.086 0.077 0.074

Jackson, MS  Jackson, MS  0.075 0.079 0.076  0.076 0.074 0.075

Miami, FL 

Miami‐Fort 
Lauderdale‐
Pompano Beach, FL  0.083 0.079 0.075  0.073 0.076 0.080

Madison, WI  Madison, WI  0.091 0.079 0.081  0.079 0.073 0.072

Las Vegas, NV 
Las Vegas‐Paradise, 
NV  0.081 0.078 0.078  0.076 0.075 0.079

Columbus, GA  Columbus, GA‐AL  0.079 0.075 0.071  0.073 0.077

Denver, CO 
Denver‐Aurora‐
Broomfield, CO  0.087 0.086 0.080  0.074 0.071 0.074

Little Rock, AR 

Little Rock‐North 
Little Rock‐
Conway, AR  0.085 0.082 0.079  0.080 0.078 0.077

Orlando, FL 
Orlando‐
Kissimmee, FL  0.082 0.082 0.080  0.079 0.078 0.082

Corpus Christi, 
TX  Corpus Christi, TX  0.089 0.085 0.079  0.077 0.078 0.079

El Paso, TX  El Paso, TX  0.088 0.083 0.080  0.079 0.078 0.081

Salt Lake City, 
UT  Salt Lake City, UT  0.085 0.082 0.078  0.075 0.076 0.079

Jacksonville, FL  Jacksonville, FL  0.086 0.084 0.081  0.079 0.079 0.081

Syracuse, NY  Syracuse, NY  0.092 0.088 0.083  0.083 0.087 0.081

Lafayette, LA  Lafayette, LA  0.085 0.083 0.077 

St. Petersburg, 
FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.086 0.085 0.079  0.081 0.080 0.080

Tampa, FL 
Tampa‐St. 
Petersburg‐ 0.086 0.085 0.079  0.081 0.080 0.080



Clearwater, FL 

Kingston, NY  Kingston, NY  0.091 0.086

Huntsville, AL  Huntsville, AL  0.087 0.083 0.077  0.082 0.085 0.083

Austin, TX 
Austin‐Round Rock, 
TX  0.084 0.086 0.084  0.084 0.081 0.082

New Orleans, 
LA 

New Orleans‐
Metairie‐Kenner, 
LA  0.090 0.085 0.077  0.080 0.081 0.086

San Antonio, 
TX  San Antonio, TX  0.085 0.085 0.082  0.079 0.079 0.082

Oklahoma City, 
OK  Oklahoma City, OK  0.087 0.087 0.086  0.084 0.081 0.081

San Jose, CA 

San Jose‐
Sunnyvale‐Santa 
Clara, CA  0.097 0.088 0.082  0.083 0.080 0.080

Lake Charles, 
LA  Lake Charles, LA  0.093 0.090 0.087  0.086 0.079 0.079

Shreveport, LA 
Shreveport‐Bossier 
City, LA  0.087 0.088 0.084  0.086 0.085 0.086

Lexington, KY 
Lexington‐Fayette, 
KY  0.099 0.096 0.085  0.078 0.077 0.079

Oakland, CA 

San Francisco‐
Oakland‐Fremont, 
CA  0.089 0.087 0.084  0.082 0.081 0.082

Rochester, NY  Rochester, NY  0.099 0.095 0.092  0.090 0.088 0.080

Phoenix, AZ 
Phoenix‐Mesa‐
Scottsdale, AZ  0.077 0.082 0.083  0.091 0.088 0.086

Kansas City, KS  Kansas City, MO‐KS  0.088 0.086 0.082  0.083 0.082 0.082

Kansas City, 
MO  Kansas City, MO‐KS  0.088 0.086 0.082  0.083 0.082 0.082

Stockton, CA  Stockton, CA  0.093 0.090 0.087  0.088 0.088 0.087



Tulsa, OK  Tulsa, OK  0.089 0.090 0.087  0.087 0.082 0.083

Johnstown, PA  Johnstown, PA  0.097 0.093 0.086  0.083 0.084 0.080

Buffalo, NY 
Buffalo‐Niagara 
Falls, NY  0.100 0.095 0.089  0.088 0.086 0.083

Toledo, OH  Toledo, OH  0.102 0.099 0.086  0.082 0.085 0.086

Ft. Wayne, IN  Fort Wayne, IN  0.094 0.092 0.087  0.085 0.085 0.088

Greensboro, 
NC 

Greensboro‐High 
Point, NC  0.097 0.100 0.088  0.085 0.083 0.084

Dayton, OH  Dayton, OH  0.096 0.092 0.086  0.082 0.084 0.086

Grand Rapids, 
MI 

Grand Rapids‐
Wyoming, MI  0.105 0.103 0.096  0.090 0.085 0.081

Newark, NJ  Essex County, NJ  0.105 0.098 0.088  0.086 0.084 0.081

Worcester, MA  Worcester, MA  0.091 0.091 0.089  0.091 0.095

Raleigh, NC  Raleigh‐Cary, NC  0.099 0.093 0.089  0.086 0.087 0.086

Columbus, OH  Columbus, OH  0.097 0.095 0.089  0.092 0.090 0.086

Evansville, IN  Evansville, IN‐KY  0.100 0.099 0.091  0.088 0.087 0.089

Memphis, TN 
Memphis, TN‐MS‐
AR  0.095 0.095 0.089  0.091 0.090 0.090

Detroit, MI 
Detroit‐Warren‐
Livonia, MI  0.099 0.099 0.096  0.091 0.089 0.088

Birmingham, 
AL 

Birmingham‐
Hoover, AL  0.094 0.093 0.084  0.088 0.089 0.092

Knoxville, TN  Knoxville, TN  0.093 0.094 0.086  0.089 0.088 0.089

Indianapolis, 
IN 

Indianapolis‐
Carmel, IN  0.098 0.095 0.091  0.089 0.087 0.090

Arlington, VA 
Arlington County, 
VA  0.106 0.101 0.093  0.092 0.096 0.091

Baton Rouge, 
LA  Baton Rouge, LA  0.098 0.101 0.099  0.096 0.090 0.087

Boston, MA 
Boston‐Cambridge‐
Quincy, MA‐NH  0.105 0.101 0.098  0.092 0.096 0.093



Modesto, CA  Modesto, CA  0.102 0.099 0.095  0.092 0.086 0.093

Akron, OH  Akron, OH  0.112 0.109 0.099  0.093 0.094 0.088

Louisville, KY 
Louisville/Jefferson 
County, KY‐IN  0.098 0.099 0.096  0.092 0.094 0.094

Milwaukee, WI 

Milwaukee‐
Waukesha‐West 
Allis, WI  0.117 0.105 0.101  0.095 0.090 0.084

Cincinnati, OH 

Cincinnati‐
Middletown, OH‐
KY‐IN  0.106 0.107 0.102  0.095 0.091 0.091

Cleveland, OH 
Cleveland‐Elyria‐
Mentor, OH  0.105 0.104 0.093  0.090 0.092 0.093

Charlotte, NC 

Charlotte‐
Gastonia‐Concord, 
NC‐SC  0.104 0.101 0.092  0.091 0.091 0.092

Coventry, RI  Kent County, RI  0.108 0.108 0.107  0.105 0.099 0.088

Providence, RI 

Providence‐New 
Bedford‐Fall River, 
RI‐MA  0.108 0.108 0.107  0.105 0.099 0.092

St Louis, MO  St. Louis, MO‐IL  0.111 0.102 0.098  0.098 0.091 0.091

Pittsburgh, PA  Pittsburgh, PA  0.107 0.098 0.092  0.088 0.095 0.096

Muskegon, MI 
Muskegon‐Norton 
Shores, MI  0.117 0.113 0.109  0.093 0.086

Nashville, TN 

Nashville‐
Murfreesboro‐
Franklin, TN  0.104 0.104 0.096  0.096 0.095 0.096

Chicago, IL 
Chicago‐Naperville‐
Joliet, IL‐IN‐WI  0.114 0.114 0.104  0.099 0.100 0.093

Biddeford, ME 

Portland‐South 
Portland‐
Biddeford, ME  0.117 0.115 0.109  0.105 0.102 0.095



Dallas/Ft 
Worth, TX 

Dallas‐Fort Worth‐
Arlington, TX  0.100 0.105 0.105  0.099 0.095 0.096

Washington, 
DC 

Washington‐
Arlington‐
Alexandria, DC‐VA‐
MD‐WV  0.115 0.107 0.100  0.100 0.101 0.096

Jersey City, NJ  Hudson County, NJ  0.118 0.115 0.107  0.104 0.103 0.096

Sacramento, 
CA 

Sacramento‐Arden 
Arcade‐Roseville, 
CA  0.114 0.107 0.105  0.105 0.110 0.104

Baltimore, MD 
Baltimore‐Towson, 
MD  0.125 0.115 0.104  0.106 0.107 0.103

Philadelphia, 
PA 

Philadelphia‐
Camden‐
Wilmington, PA‐NJ‐
DE‐MD  0.123 0.120 0.113  0.107 0.106 0.099

Atlanta, GA 

Atlanta‐Sandy 
Springs‐Marietta, 
GA  0.113 0.107 0.104  0.105 0.101 0.101

Anaheim, CA  Orange County, CA  0.141 0.138 0.127  0.120 0.114 0.117

Fresno, CA  Fresno, CA  0.115 0.110 0.108  0.108 0.111 0.107

San Diego, CA 

San Diego‐
Carlsbad‐San 
Marcos, CA  0.125 0.129 0.125  0.118 0.112 0.109

New York City, 
NY 

New York‐Northern 
New Jersey‐Long 
Island, NY‐NJ‐PA  0.129 0.128 0.122  0.116 0.108 0.100

Bakersfield, CA  Bakersfield, CA  0.116 0.112 0.118  0.115 0.112 0.111

Houston, TX 
Houston‐Sugar 
Land‐Baytown, TX  0.117 0.119 0.119  0.116 0.104 0.110

Los Angeles, 
CA 

Los Angeles‐Long 
Beach‐Santa Ana, 
CA  0.192 0.186 0.179  0.177 0.177 0.168



Riverside, CA 

Riverside‐San 
Bernardino‐
Ontario, CA  0.188 0.185 0.182  0.180 0.177 0.171

San Bernadino, 
CA 

San Bernardino 
County, CA  0.188 0.185 0.182  0.180 0.177 0.171

 

Table A-12. Continued 

city_name census_area_name  dv1993_1995 dv1994_1996 dv1995_1997  dv1996_1998 dv1997_1999 dv1998_2000
Honolulu, HI  Honolulu, HI  0.045 0.048 0.047

Lincoln, NE  Lincoln, NE  0.057 0.058 0.056  0.055 0.055 0.056

Colorado 
Springs, CO 

Colorado Springs, 
CO  0.061 0.056 0.062 0.065

Des Moines, IA 
Des Moines‐West 
Des Moines, IA  0.062 0.066  0.061 0.066 0.071

Cedar Rapids, 
IA  Cedar Rapids, IA  0.062 0.063 0.062  0.060 0.069 0.072

Spokane, WA  Spokane, WA  0.064 0.066 0.066  0.068 0.067 0.067

Omaha, NE 
Omaha‐Council 
Bluffs, NE‐IA  0.062 0.067 0.067  0.063 0.072 0.074

Albuquerque, 
NM  Albuquerque, NM  0.071 0.074 0.069  0.073 0.071 0.075

Wichita, KS  Wichita, KS  0.065 0.072 0.074  0.078 0.080 0.080

Tucson, AZ  Tucson, AZ  0.081 0.079 0.079  0.077 0.075 0.073

Portland, OR 

Portland‐
Vancouver‐
Beaverton, OR‐WA  0.058 0.083 0.078  0.080 0.062 0.061

Mobile, AL  Mobile, AL  0.075 0.077 0.080  0.086 0.088 0.090

Seattle, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.071 0.076 0.078  0.081 0.074 0.075



Tacoma, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.071 0.076 0.078  0.081 0.074 0.075

Jackson, MS  Jackson, MS  0.076 0.077 0.077  0.080 0.081 0.083

Miami, FL 

Miami‐Fort 
Lauderdale‐
Pompano Beach, FL  0.080 0.074 0.075  0.077 0.078 0.079

Madison, WI  Madison, WI  0.072 0.080 0.081  0.078 0.080 0.078

Las Vegas, NV 
Las Vegas‐Paradise, 
NV  0.079 0.080 0.079  0.080 0.077 0.085

Columbus, GA  Columbus, GA‐AL  0.078 0.081 0.083  0.084 0.089 0.093

Denver, CO 
Denver‐Aurora‐
Broomfield, CO  0.081 0.081 0.079  0.084 0.083 0.086

Little Rock, AR 

Little Rock‐North 
Little Rock‐
Conway, AR  0.080 0.080 0.081  0.080 0.082 0.087

Orlando, FL 
Orlando‐
Kissimmee, FL  0.079 0.079 0.078  0.084 0.085 0.085

Corpus Christi, 
TX  Corpus Christi, TX  0.082 0.083 0.083  0.080 0.081 0.083

El Paso, TX  El Paso, TX  0.084 0.089 0.080  0.082 0.078 0.080

Salt Lake City, 
UT  Salt Lake City, UT  0.082 0.089 0.085  0.088 0.082 0.088

Jacksonville, FL  Jacksonville, FL  0.080 0.078 0.081  0.088 0.088 0.085

Syracuse, NY  Syracuse, NY  0.082 0.079 0.079  0.077 0.082 0.080

Lafayette, LA  Lafayette, LA  0.085 0.084  0.083 0.082 0.087

St. Petersburg, 
FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.080 0.081 0.082  0.088 0.090 0.088

Tampa, FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.080 0.081 0.082  0.088 0.090 0.088

Kingston, NY  Kingston, NY  0.084 0.080 0.082  0.081 0.083 0.080



Huntsville, AL  Huntsville, AL  0.080 0.078 0.082  0.086 0.090 0.091

Austin, TX 
Austin‐Round Rock, 
TX  0.084 0.084 0.081  0.081 0.089 0.089

New Orleans, 
LA 

New Orleans‐
Metairie‐Kenner, 
LA  0.084 0.085 0.083  0.084 0.086 0.091

San Antonio, 
TX  San Antonio, TX  0.087 0.087 0.087  0.085 0.088 0.086

Oklahoma City, 
OK  Oklahoma City, OK  0.084 0.085 0.083  0.085 0.086 0.084

San Jose, CA 

San Jose‐
Sunnyvale‐Santa 
Clara, CA  0.083 0.088 0.085  0.086 0.082 0.082

Lake Charles, 
LA  Lake Charles, LA  0.086 0.080 0.085  0.085 0.088 0.088

Shreveport, LA 
Shreveport‐Bossier 
City, LA  0.083 0.080 0.082  0.084 0.089 0.092

Lexington, KY 
Lexington‐Fayette, 
KY  0.087 0.087 0.085  0.085 0.087 0.085

Oakland, CA 

San Francisco‐
Oakland‐Fremont, 
CA  0.087 0.093 0.090  0.089 0.086 0.087

Rochester, NY  Rochester, NY  0.085 0.081 0.083  0.080 0.086 0.081

Phoenix, AZ 
Phoenix‐Mesa‐
Scottsdale, AZ  0.089 0.090 0.092  0.091 0.088 0.088

Kansas City, KS  Kansas City, MO‐KS  0.090 0.092 0.094  0.093 0.091 0.089

Kansas City, 
MO  Kansas City, MO‐KS  0.090 0.092 0.094  0.093 0.091 0.089

Stockton, CA  Stockton, CA  0.086 0.085 0.087  0.087 0.087 0.088

Tulsa, OK  Tulsa, OK  0.088 0.091 0.089  0.087 0.088 0.093

Johnstown, PA  Johnstown, PA  0.085 0.085 0.088  0.091 0.093 0.091

Buffalo, NY  Buffalo‐Niagara  0.087 0.086 0.085  0.083 0.086 0.089



Falls, NY 

Toledo, OH  Toledo, OH  0.090 0.091 0.089  0.089 0.086 0.084

Ft. Wayne, IN  Fort Wayne, IN  0.089 0.093 0.090  0.090 0.088 0.090

Greensboro, 
NC 

Greensboro‐High 
Point, NC  0.088 0.086 0.085  0.089 0.092 0.094

Dayton, OH  Dayton, OH  0.092 0.093 0.091  0.093 0.093 0.090

Grand Rapids, 
MI 

Grand Rapids‐
Wyoming, MI  0.086 0.089 0.088  0.085 0.087 0.084

Newark, NJ  Essex County, NJ  0.088 0.088 0.092  0.088 0.093

Worcester, MA  Worcester, MA  0.095 0.089 0.087  0.087 0.094 0.088

Raleigh, NC  Raleigh‐Cary, NC  0.087 0.087 0.089  0.096 0.103 0.101

Columbus, OH  Columbus, OH  0.090 0.092 0.092  0.093 0.097 0.095

Evansville, IN  Evansville, IN‐KY  0.094 0.095 0.093  0.093 0.094 0.091

Memphis, TN 
Memphis, TN‐MS‐
AR  0.091 0.094 0.095  0.093 0.095 0.097

Detroit, MI 
Detroit‐Warren‐
Livonia, MI  0.093 0.094 0.092  0.093 0.095 0.089

Birmingham, 
AL 

Birmingham‐
Hoover, AL  0.096 0.096 0.095  0.095 0.097 0.102

Knoxville, TN  Knoxville, TN  0.093 0.093 0.095  0.100 0.104 0.104

Indianapolis, 
IN 

Indianapolis‐
Carmel, IN  0.094 0.098 0.097  0.098 0.097 0.095

Arlington, VA 
Arlington County, 
VA  0.095 0.090 0.091  0.092 0.097 0.092

Baton Rouge, 
LA  Baton Rouge, LA  0.091 0.094 0.096  0.095 0.094 0.098

Boston, MA 
Boston‐Cambridge‐
Quincy, MA‐NH  0.096 0.094 0.095  0.091 0.093 0.086

Modesto, CA  Modesto, CA  0.095 0.096 0.096  0.098 0.095 0.096

Akron, OH  Akron, OH  0.090 0.089 0.091  0.092 0.094 0.093



Louisville, KY 
Louisville/Jefferson 
County, KY‐IN  0.100 0.094 0.092  0.094 0.096 0.099

Milwaukee, WI 

Milwaukee‐
Waukesha‐West 
Allis, WI  0.092 0.097 0.098  0.093 0.097 0.092

Cincinnati, OH 

Cincinnati‐
Middletown, OH‐
KY‐IN  0.098 0.099 0.095  0.092 0.095 0.094

Cleveland, OH 
Cleveland‐Elyria‐
Mentor, OH  0.098 0.100 0.099  0.098 0.099 0.095

Charlotte, NC 

Charlotte‐
Gastonia‐Concord, 
NC‐SC  0.094 0.094 0.097  0.103 0.104 0.104

Coventry, RI  Kent County, RI  0.096 0.094 0.096  0.090 0.092 0.088

Providence, RI 

Providence‐New 
Bedford‐Fall River, 
RI‐MA  0.097 0.094 0.097  0.090 0.092 0.088

St Louis, MO  St. Louis, MO‐IL  0.098 0.104 0.100  0.095 0.095 0.094

Pittsburgh, PA  Pittsburgh, PA  0.105 0.103 0.105  0.099 0.101 0.096

Muskegon, MI 
Muskegon‐Norton 
Shores, MI  0.096 0.101 0.099  0.091 0.093 0.091

Nashville, TN 

Nashville‐
Murfreesboro‐
Franklin, TN  0.099 0.099 0.099  0.101 0.102 0.100

Chicago, IL 
Chicago‐Naperville‐
Joliet, IL‐IN‐WI  0.099 0.097 0.096  0.091 0.095 0.093

Biddeford, ME 

Portland‐South 
Portland‐
Biddeford, ME  0.096 0.092 0.096  0.092 0.092 0.084

Dallas/Ft 
Worth, TX 

Dallas‐Fort Worth‐
Arlington, TX  0.106 0.104 0.104  0.098 0.101 0.102



Washington, 
DC 

Washington‐
Arlington‐
Alexandria, DC‐VA‐
MD‐WV  0.098 0.094 0.100  0.101 0.106 0.101

Jersey City, NJ  Hudson County, NJ  0.100 0.095 0.098  0.093 0.100 0.092

Sacramento, 
CA 

Sacramento‐Arden 
Arcade‐Roseville, 
CA  0.106 0.106 0.099  0.103 0.103 0.107

Baltimore, MD 
Baltimore‐Towson, 
MD  0.107 0.105 0.107  0.104 0.109 0.107

Philadelphia, 
PA 

Philadelphia‐
Camden‐
Wilmington, PA‐NJ‐
DE‐MD  0.104 0.101 0.110  0.107 0.110 0.106

Atlanta, GA 

Atlanta‐Sandy 
Springs‐Marietta, 
GA  0.109 0.105 0.110  0.113 0.118 0.121

Anaheim, CA  Orange County, CA  0.107 0.100 0.088  0.088 0.084 0.084

Fresno, CA  Fresno, CA  0.108 0.107 0.111  0.115 0.113 0.111

San Diego, CA 

San Diego‐
Carlsbad‐San 
Marcos, CA  0.108 0.104 0.099  0.102 0.099 0.100

New York City, 
NY 

New York‐Northern 
New Jersey‐Long 
Island, NY‐NJ‐PA  0.106 0.104 0.108  0.104 0.107 0.107

Bakersfield, CA  Bakersfield, CA  0.119 0.119 0.115  0.115 0.111 0.111

Houston, TX 
Houston‐Sugar 
Land‐Baytown, TX  0.114 0.116 0.117  0.116 0.118 0.112

Los Angeles, 
CA 

Los Angeles‐Long 
Beach‐Santa Ana, 
CA  0.156 0.145 0.135  0.133 0.118 0.115

Riverside, CA 
Riverside‐San 
Bernardino‐ 0.165 0.161 0.148  0.154 0.147 0.146



Ontario, CA 

San Bernadino, 
CA 

San Bernardino 
County, CA  0.165 0.161 0.148  0.154 0.147 0.146

 

Table A-13. Franklin and Schwartz (2008) 

city_name  census_area_name dv2000_2002  dv2001_2003 dv2002_2004 dv2003_2005

Seattle, WA  Seattle‐Tacoma‐Bellevue, WA 0.068  0.072 0.074 0.071

El Paso, TX  El Paso, TX  0.081  0.079 0.078 0.076

Rochester, NY  Rochester, NY  0.085  0.088 0.081 0.073

Kansas City, MO  Kansas City, MO‐KS 0.085  0.085 0.083 0.083

St Louis, MO  St. Louis, MO‐IL 0.090  0.092 0.089 0.086

Boston, MA  Boston‐Cambridge‐Quincy, MA‐NH 0.090  0.093 0.091 0.085

Beaumont, TX  Beaumont‐Port Arthur, TX 0.090  0.091 0.092 0.088

San Diego, CA  San Diego‐Carlsbad‐San Marcos, CA 0.095  0.093 0.089 0.086

Pittsburgh, PA  Pittsburgh, PA  0.095  0.094 0.090 0.084

Detroit, MI  Detroit‐Warren‐Livonia, MI 0.088  0.097 0.092 0.090



Buffalo, NY  Buffalo‐Niagara Falls, NY 0.097  0.099 0.091 0.086

Cleveland, OH  Cleveland‐Elyria‐Mentor, OH 0.099  0.103 0.095 0.089

Dallas/Ft Worth, TX  Dallas‐Fort Worth‐Arlington, TX 0.099  0.100 0.098 0.095

Philadelphia, PA  Philadelphia‐Camden‐Wilmington, PA‐NJ‐DE‐MD 0.107  0.101 0.095 0.091

Sacramento, CA  Sacramento‐Arden Arcade‐Roseville, CA 0.106  0.107 0.102 0.097

Houston, TX  Houston‐Sugar Land‐Baytown, TX 0.107  0.102 0.101 0.103

Fresno, CA  Fresno, CA  0.115  0.111 0.104 0.099

Riverside, CA  Riverside‐San Bernardino‐Ontario, CA 0.128  0.131 0.127 0.127

 

 

Table A-14. Zanobetti and Schwartz (2008a and b); Medina-Ramon and Schwartz (2008) 

city_name 
census_area
_name 

dv1989
_1991 

dv1990
_1992

dv1991_
1993

dv1992_
1994

dv1993_
1995

dv1994_
1996 

dv1995_
1997

dv1996_
1998

dv1997_
1999

dv1998_
2000

Honolulu, 
HI  Honolulu, HI  0.045 0.048 0.047

Colorado 
Springs, 
CO 

Colorado 
Springs, CO  0.066  0.063 0.062 0.061 0.061 0.056 0.062 0.065

Spokane, 
WA 

Spokane, 
WA  0.064 0.066 0.066 0.068 0.067 0.067

Albuquerq
ue, NM 

Albuquerqu
e, NM  0.071  0.071 0.069 0.070 0.071 0.074 0.069 0.073 0.071 0.075



Ft. 
Lauderdal
e, FL 

Broward 
County, FL  0.075  0.073 0.076 0.079 0.074 0.069 0.069 0.072 0.075 0.075

Boulder, 
CO  Boulder, CO  0.076  0.073 0.073 0.071 0.072 0.071 0.071 0.078 0.078 0.078

Provo/Ore
m, UT 

Provo‐
Orem, UT  0.069 0.068 0.071 0.076 0.082 0.082 0.086

Miami, FL 

Miami‐Fort 
Lauderdale‐
Pompano 
Beach, FL  0.075  0.073 0.076 0.080 0.080 0.074 0.075 0.077 0.078 0.079

Seattle, 
WA 

Seattle‐
Tacoma‐
Bellevue, 
WA  0.078  0.086 0.077 0.074 0.071 0.076 0.078 0.081 0.074 0.075

Denver, 
CO 

Denver‐
Aurora‐
Broomfield, 
CO  0.080  0.074 0.071 0.074 0.081 0.081 0.079 0.084 0.083 0.086

Orlando, 
FL 

Orlando‐
Kissimmee, 
FL  0.080  0.079 0.078 0.082 0.079 0.079 0.078 0.084 0.085 0.085

Salt Lake 
City, UT 

Salt Lake 
City, UT  0.078  0.075 0.076 0.079 0.082 0.089 0.085 0.088 0.082 0.088

Tampa, FL 

Tampa‐St. 
Petersburg‐
Clearwater, 
FL  0.079  0.081 0.080 0.080 0.080 0.081 0.082 0.088 0.090 0.088

New 
Orleans, 
LA 

New 
Orleans‐
Metairie‐
Kenner, LA  0.077  0.080 0.081 0.086 0.084 0.085 0.083 0.084 0.086 0.091

Oklahoma 
City, OK 

Oklahoma 
City, OK  0.086  0.084 0.081 0.081 0.084 0.085 0.083 0.085 0.086 0.084



Terra 
Haute, IN 

Terre Haute, 
IN  0.087  0.081 0.077 0.079 0.084 0.092 0.088 0.088 0.083 0.080

Austin, TX 

Austin‐
Round Rock, 
TX  0.084  0.084 0.081 0.082 0.084 0.084 0.081 0.081 0.089 0.089

San 
Francisco, 
CA 

San 
Francisco‐
Oakland‐
Fremont, CA  0.084  0.082 0.081 0.082 0.087 0.093 0.090 0.089 0.086 0.087

Greensbor
o, NC 

Greensboro‐
High Point, 
NC  0.088  0.085 0.083 0.084 0.088 0.086 0.085 0.089 0.092 0.094

Tulsa, OK  Tulsa, OK  0.087  0.087 0.082 0.083 0.088 0.091 0.089 0.087 0.088 0.093

Kansas 
City, KS 

Kansas City, 
MO‐KS  0.082  0.083 0.082 0.082 0.090 0.092 0.094 0.093 0.091 0.089

Phoenix, 
AZ 

Phoenix‐
Mesa‐
Scottsdale, 
AZ  0.083  0.091 0.088 0.086 0.089 0.090 0.092 0.091 0.088 0.088

Canton, 
OH 

Canton‐
Massillon, 
OH  0.091  0.089 0.089 0.088 0.091 0.089 0.088 0.089 0.091 0.091

Columbus, 
OH 

Columbus, 
OH  0.089  0.092 0.090 0.086 0.090 0.092 0.092 0.093 0.097 0.095

Detroit, 
MI 

Detroit‐
Warren‐
Livonia, MI  0.096  0.091 0.089 0.088 0.093 0.094 0.092 0.093 0.095 0.089

Youngsto
wn, OH 

Youngstown
‐Warren‐
Boardman, 
OH‐PA  0.090  0.091 0.091 0.089 0.091 0.092 0.093 0.096 0.096 0.092

Birmingha
m, AL 

Birmingham
‐Hoover, AL  0.084  0.088 0.089 0.092 0.096 0.096 0.095 0.095 0.097 0.102



Boston, 
MA 

Boston‐
Cambridge‐
Quincy, MA‐
NH  0.098  0.092 0.096 0.093 0.096 0.094 0.095 0.091 0.093 0.086

Milwauke
e, WI 

Milwaukee‐
Waukesha‐
West Allis, 
WI  0.101  0.095 0.090 0.084 0.092 0.097 0.098 0.093 0.097 0.092

Cincinnati, 
OH 

Cincinnati‐
Middletown
, OH‐KY‐IN  0.102  0.095 0.091 0.091 0.098 0.099 0.095 0.092 0.095 0.094

Cleveland, 
OH 

Cleveland‐
Elyria‐
Mentor, OH  0.093  0.090 0.092 0.093 0.098 0.100 0.099 0.098 0.099 0.095

Charlotte, 
NC 

Charlotte‐
Gastonia‐
Concord, 
NC‐SC  0.092  0.091 0.091 0.092 0.094 0.094 0.097 0.103 0.104 0.104

St Louis, 
MO 

St. Louis, 
MO‐IL  0.098  0.098 0.091 0.091 0.098 0.104 0.100 0.095 0.095 0.094

Chicago, IL 

Chicago‐
Naperville‐
Joliet, IL‐IN‐
WI  0.104  0.099 0.100 0.093 0.099 0.097 0.096 0.091 0.095 0.093

Pittsburgh
, PA 

Pittsburgh, 
PA  0.092  0.088 0.095 0.096 0.105 0.103 0.105 0.099 0.101 0.096

Nashville, 
TN 

Nashville‐
Murfreesbo
ro‐Franklin, 
TN  0.096  0.096 0.095 0.096 0.099 0.099 0.099 0.101 0.102 0.100

Jersey 
City, NJ 

Hudson 
County, NJ  0.107  0.104 0.103 0.096 0.100 0.095 0.098 0.093 0.100 0.092



Washingto
n, DC 

Washington
‐Arlington‐
Alexandria, 
DC‐VA‐MD‐
WV  0.100  0.100 0.101 0.096 0.098 0.094 0.100 0.101 0.106 0.101

Dallas/Ft 
Worth, TX 

Dallas‐Fort 
Worth‐
Arlington, 
TX  0.105  0.099 0.095 0.096 0.106 0.104 0.104 0.098 0.101 0.102

New 
Haven, CT 

New Haven‐
Milford, CT  0.116  0.113 0.108 0.097 0.105 0.101 0.107 0.100 0.103 0.096

Sacrament
o, CA 

Sacramento
‐Arden 
Arcade‐
Roseville, 
CA  0.105  0.105 0.110 0.104 0.106 0.106 0.099 0.103 0.103 0.107

Baltimore, 
MD 

Baltimore‐
Towson, MD  0.104  0.106 0.107 0.103 0.107 0.105 0.107 0.104 0.109 0.107

Philadelph
ia, PA 

Philadelphia
‐Camden‐
Wilmington, 
PA‐NJ‐DE‐
MD  0.113  0.107 0.106 0.099 0.104 0.101 0.110 0.107 0.110 0.106

San Diego, 
CA 

San Diego‐
Carlsbad‐
San Marcos, 
CA  0.125  0.118 0.112 0.109 0.108 0.104 0.099 0.102 0.099 0.100

New York 
City, NY 

New York‐
Northern 
New Jersey‐
Long Island, 
NY‐NJ‐PA  0.122  0.116 0.108 0.100 0.106 0.104 0.108 0.104 0.107 0.107



Atlanta, 
GA 

Atlanta‐
Sandy 
Springs‐
Marietta, 
GA  0.104  0.105 0.101 0.101 0.109 0.105 0.110 0.113 0.118 0.121

Houston, 
TX 

Houston‐
Sugar Land‐
Baytown, TX  0.119  0.116 0.104 0.110 0.114 0.116 0.117 0.116 0.118 0.112

Los 
Angeles, 
CA 

Los Angeles‐
Long Beach‐
Santa Ana, 
CA  0.179  0.177 0.177 0.168 0.156 0.145 0.135 0.133 0.118 0.115

 

 

Table A-15. Katsouyanni et al. (2009), Mortality 

city_name  census_area_name 
dv1987_
1989

dv1988_
1990

dv1989_
1991

dv1990_ 
1992

dv1991_
1993

dv1992_
1994

dv1993_
1995

dv1994_
1996

Honolulu, 
HI  Honolulu, HI  0.020 0.018

Lincoln, NE  Lincoln, NE  0.058 0.061 0.058 0.061  0.058 0.059 0.057 0.058

Colorado 
Springs, CO 

Colorado Springs, 
CO  0.063 0.066 0.063  0.062 0.061 0.061 0.056

Des 
Moines, IA 

Des Moines‐West 
Des Moines, IA  0.062

Spokane, 
WA  Spokane, WA  0.064 0.066

Omaha, NE 
Omaha‐Council 
Bluffs, NE‐IA  0.077 0.078 0.072 0.071  0.065 0.062 0.062 0.067

Albuquerq
ue, NM  Albuquerque, NM  0.073 0.073 0.071 0.071  0.069 0.070 0.071 0.074

Wichita, KS  Wichita, KS  0.080 0.081 0.075 0.073  0.067 0.065 0.065 0.072

Mobile, AL  Mobile, AL  0.078 0.080 0.062 0.064  0.070 0.074 0.075 0.077



Minneapoli
s, MN 

Minneapolis‐St. 
Paul‐Bloomington, 
MN‐WI  0.080 0.079 0.068 0.070  0.069 0.070 0.072 0.074

Tucson, AZ  Tucson, AZ  0.068 0.074 0.069 0.072  0.077 0.078 0.081 0.079

Jackson, 
MS  Jackson, MS  0.075 0.079 0.076 0.076  0.074 0.075 0.076 0.077

Seattle, 
WA 

Seattle‐Tacoma‐
Bellevue, WA  0.076 0.079 0.078 0.086  0.077 0.074 0.071 0.076

Tacoma, 
WA 

Seattle‐Tacoma‐
Bellevue, WA  0.076 0.079 0.078 0.086  0.077 0.074 0.071 0.076

Miami, FL 

Miami‐Fort 
Lauderdale‐
Pompano Beach, FL  0.083 0.079 0.075 0.073  0.076 0.080 0.080 0.074

Las Vegas, 
NV 

Las Vegas‐Paradise, 
NV  0.081 0.078 0.078 0.076  0.075 0.079 0.079 0.080

Madison, 
WI  Madison, WI  0.091 0.079 0.081 0.079  0.073 0.072 0.072 0.080

Portland, 
OR 

Portland‐
Vancouver‐
Beaverton, OR‐WA  0.077 0.085 0.082 0.091  0.076 0.078 0.058 0.083

Denver, CO 
Denver‐Aurora‐
Broomfield, CO  0.087 0.086 0.080 0.074  0.071 0.074 0.081 0.081

Little Rock, 
AR 

Little Rock‐North 
Little Rock‐Conway, 
AR  0.085 0.082 0.079 0.080  0.078 0.077 0.080 0.080

Orlando, FL 
Orlando‐
Kissimmee, FL  0.082 0.082 0.080 0.079  0.078 0.082 0.079 0.079

Salt Lake 
City, UT  Salt Lake City, UT  0.085 0.082 0.078 0.075  0.076 0.079 0.082 0.089

Jacksonvill
e, FL  Jacksonville, FL  0.086 0.084 0.081 0.079  0.079 0.081 0.080 0.078

Corpus 
Christi, TX  Corpus Christi, TX  0.089 0.085 0.079 0.077  0.078 0.079 0.082 0.083



St. 
Petersburg, 
FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.086 0.085 0.079 0.081  0.080 0.080 0.080 0.081

Tampa, FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.086 0.085 0.079 0.081  0.080 0.080 0.080 0.081

Huntsville, 
AL  Huntsville, AL  0.087 0.083 0.077 0.082  0.085 0.083 0.080 0.078

El Paso, TX  El Paso, TX  0.088 0.083 0.080 0.079  0.078 0.081 0.084 0.089

San 
Antonio, TX  San Antonio, TX  0.085 0.085 0.082 0.079  0.079 0.082 0.087 0.087

New 
Orleans, LA 

New Orleans‐
Metairie‐Kenner, 
LA  0.090 0.085 0.077 0.080  0.081 0.086 0.084 0.085

Austin, TX 
Austin‐Round Rock, 
TX  0.084 0.086 0.084 0.084  0.081 0.082 0.084 0.084

Oklahoma 
City, OK  Oklahoma City, OK  0.087 0.087 0.086 0.084  0.081 0.081 0.084 0.085

Syracuse, 
NY  Syracuse, NY  0.092 0.088 0.083 0.083  0.087 0.081 0.082 0.079

Shreveport
, LA 

Shreveport‐Bossier 
City, LA  0.087 0.088 0.084 0.086  0.085 0.086 0.083 0.080

San Jose, 
CA 

San Jose‐
Sunnyvale‐Santa 
Clara, CA  0.097 0.088 0.082 0.083  0.080 0.080 0.083 0.088

Kansas 
City, MO  Kansas City, MO‐KS  0.088 0.086 0.082 0.083  0.082 0.082 0.090 0.092

Oakland, 
CA 

San Francisco‐
Oakland‐Fremont, 
CA  0.089 0.087 0.084 0.082  0.081 0.082 0.087 0.093

San 
Francisco, 
CA 

San Francisco‐
Oakland‐Fremont, 
CA  0.089 0.087 0.084 0.082  0.081 0.082 0.087 0.093

Phoenix,  Phoenix‐Mesa‐ 0.077 0.082 0.083 0.091  0.088 0.086 0.089 0.090



AZ  Scottsdale, AZ 
Lexington, 
KY 

Lexington‐Fayette, 
KY  0.099 0.096 0.085 0.078  0.077 0.079 0.087 0.087

Tulsa, OK  Tulsa, OK  0.089 0.090 0.087 0.087  0.082 0.083 0.088 0.091

Stockton, 
CA  Stockton, CA  0.093 0.090 0.087 0.088  0.088 0.087 0.086 0.085

Rochester, 
NY  Rochester, NY  0.099 0.095 0.092 0.090  0.088 0.080 0.085 0.081

Dayton, OH  Dayton, OH  0.096 0.092 0.086 0.082  0.084 0.086 0.092 0.093

Greensbor
o, NC 

Greensboro‐High 
Point, NC  0.097 0.100 0.088 0.085  0.083 0.084 0.088 0.086

Ft. Wayne, 
IN  Fort Wayne, IN  0.094 0.092 0.087 0.085  0.085 0.088 0.089 0.093

Buffalo, NY 
Buffalo‐Niagara 
Falls, NY  0.100 0.095 0.089 0.088  0.086 0.083 0.087 0.086

Raleigh, NC  Raleigh‐Cary, NC  0.099 0.093 0.089 0.086  0.087 0.086 0.087 0.087

Newark, NJ  Essex County, NJ  0.105 0.098 0.088 0.086  0.084 0.081 0.088 0.088

Toledo, OH  Toledo, OH  0.102 0.099 0.086 0.082  0.085 0.086 0.090 0.091

Knoxville, 
TN  Knoxville, TN  0.093 0.094 0.086 0.089  0.088 0.089 0.093 0.093

Columbus, 
OH  Columbus, OH  0.097 0.095 0.089 0.092  0.090 0.086 0.090 0.092

Birmingha
m, AL 

Birmingham‐
Hoover, AL  0.094 0.093 0.084 0.088  0.089 0.092 0.096 0.096

Worcester, 
MA  Worcester, MA  0.091 0.091 0.089 0.091  0.095 0.095 0.089

Memphis, 
TN 

Memphis, TN‐MS‐
AR  0.095 0.095 0.089 0.091  0.090 0.090 0.091 0.094

Grand 
Rapids, MI 

Grand Rapids‐
Wyoming, MI  0.105 0.103 0.096 0.090  0.085 0.081 0.086 0.089

Indianapoli
s, IN 

Indianapolis‐
Carmel, IN  0.098 0.095 0.091 0.089  0.087 0.090 0.094 0.098

Madera, 
CA 

Madera‐
Chowchilla, CA  0.091  0.096 0.091 0.093 0.093



Detroit, MI 
Detroit‐Warren‐
Livonia, MI  0.099 0.099 0.096 0.091  0.089 0.088 0.093 0.094

Baton 
Rouge, LA  Baton Rouge, LA  0.098 0.101 0.099 0.096  0.090 0.087 0.091 0.094

Modesto, 
CA  Modesto, CA  0.102 0.099 0.095 0.092  0.086 0.093 0.095 0.096

Charlotte, 
NC 

Charlotte‐Gastonia‐
Concord, NC‐SC  0.104 0.101 0.092 0.091  0.091 0.092 0.094 0.094

Louisville, 
KY 

Louisville/Jefferson 
County, KY‐IN  0.098 0.099 0.096 0.092  0.094 0.094 0.100 0.094

Akron, OH  Akron, OH  0.112 0.109 0.099 0.093  0.094 0.088 0.090 0.089

Boston, 
MA 

Boston‐Cambridge‐
Quincy, MA‐NH  0.105 0.101 0.098 0.092  0.096 0.093 0.096 0.094

Cleveland, 
OH 

Cleveland‐Elyria‐
Mentor, OH  0.105 0.104 0.093 0.090  0.092 0.093 0.098 0.100

Milwaukee, 
WI 

Milwaukee‐
Waukesha‐West 
Allis, WI  0.117 0.105 0.101 0.095  0.090 0.084 0.092 0.097

Pittsburgh, 
PA  Pittsburgh, PA  0.107 0.098 0.092 0.088  0.095 0.096 0.105 0.103

Cincinnati, 
OH 

Cincinnati‐
Middletown, OH‐
KY‐IN  0.106 0.107 0.102 0.095  0.091 0.091 0.098 0.099

Nashville, 
TN 

Nashville‐
Murfreesboro‐
Franklin, TN  0.104 0.104 0.096 0.096  0.095 0.096 0.099 0.099

St Louis, 
MO  St. Louis, MO‐IL  0.111 0.102 0.098 0.098  0.091 0.091 0.098 0.104

Dallas/Ft 
Worth, TX 

Dallas‐Fort Worth‐
Arlington, TX  0.100 0.105 0.105 0.099  0.095 0.096 0.106 0.104

Providence
, RI 

Providence‐New 
Bedford‐Fall River, 
RI‐MA  0.108 0.108 0.107 0.105  0.099 0.092 0.097 0.094



Washingto
n, DC 

Washington‐
Arlington‐
Alexandria, DC‐VA‐
MD‐WV  0.115 0.107 0.100 0.100  0.101 0.096 0.098 0.094

Chicago, IL 
Chicago‐Naperville‐
Joliet, IL‐IN‐WI  0.114 0.114 0.104 0.099  0.100 0.093 0.099 0.097

Jersey City, 
NJ  Hudson County, NJ  0.118 0.115 0.107 0.104  0.103 0.096 0.100 0.095

Atlanta, GA 

Atlanta‐Sandy 
Springs‐Marietta, 
GA  0.113 0.107 0.104 0.105  0.101 0.101 0.109 0.105

Sacrament
o, CA 

Sacramento‐Arden 
Arcade‐Roseville, 
CA  0.114 0.107 0.105 0.105  0.110 0.104 0.106 0.106

Baltimore, 
MD 

Baltimore‐Towson, 
MD  0.125 0.115 0.104 0.106  0.107 0.103 0.107 0.105

Philadelphi
a, PA 

Philadelphia‐
Camden‐
Wilmington, PA‐NJ‐
DE‐MD  0.123 0.120 0.113 0.107  0.106 0.099 0.104 0.101

Fresno, CA  Fresno, CA  0.115 0.110 0.108 0.108  0.111 0.107 0.108 0.107

New York 
City, NY 

New York‐Northern 
New Jersey‐Long 
Island, NY‐NJ‐PA  0.129 0.128 0.122 0.116  0.108 0.100 0.106 0.104

Houston, 
TX 

Houston‐Sugar 
Land‐Baytown, TX  0.117 0.119 0.119 0.116  0.104 0.110 0.114 0.116

Bakersfield
, CA  Bakersfield, CA  0.116 0.112 0.118 0.115  0.112 0.111 0.119 0.119

San Diego, 
CA 

San Diego‐
Carlsbad‐San 
Marcos, CA  0.125 0.129 0.125 0.118  0.112 0.109 0.108 0.104

Anaheim, 
CA  Orange County, CA  0.141 0.138 0.127 0.120  0.114 0.117 0.107 0.100



Los 
Angeles, 
CA 

Los Angeles‐Long 
Beach‐Santa Ana, 
CA  0.192 0.186 0.179 0.177  0.177 0.168 0.156 0.145

Riverside, 
CA 

Riverside‐San 
Bernardino‐
Ontario, CA  0.188 0.185 0.182 0.180  0.177 0.171 0.165 0.161

San 
Bernadino, 
CA 

San Bernardino 
County, CA  0.188 0.185 0.182 0.180  0.177 0.171 0.165 0.161

Anchorage, 
AK  Anchorage, AK 

 

 

Table A-16. Islam et al. (2008); Islam et al. (2009) 

city_name  census_area_name 
dv1994_ 
1996

dv1995_ 
1997

dv1996_ 
1998

dv1997_ 
1999 

dv1998_ 
2000

dv1999_ 
2001

dv2000_ 
2002

dv2001_ 
2003

Long Beach, 
CA  Los Angeles County, CA 0.145 0.135 0.133 0.118 0.115 0.105 0.113 0.126

Riverside, 
CA 

Riverside‐San Bernardino‐
Ontario, CA  0.161 0.148 0.154 0.147 0.146 0.129 0.128 0.131

Alpine, CA  San Diego County, CA  0.104 0.099 0.102 0.099 0.100 0.094 0.095 0.093

Atascadero, 
CA  San Luis Obispo County, CA

Lake 
Elsinore, CA  Riverside County, CA  0.140 0.129 0.127 0.124 0.114 0.111 0.113 0.118

Lake 
Gregory, CA  San Bernardino County, CA 0.161 0.148 0.154 0.147 0.146 0.129 0.128 0.131

Lompoc, CA  Santa Barbara County, CA 0.094 0.089 0.087 0.082 0.081 0.080 0.082 0.084

Mira Loma, 
CA  Riverside County, CA  0.140 0.129 0.127 0.124 0.114 0.111 0.113 0.118

San Dimas, 
CA  Los Angeles County, CA 0.145 0.135 0.133 0.118 0.115 0.105 0.113 0.126



Santa 
Maria, CA  Santa Barbara County, CA 0.094 0.089 0.087 0.082 0.081 0.080 0.082 0.084

Upland, CA  San Bernardino County, CA 0.161 0.148 0.154 0.147 0.146 0.129 0.128 0.131

 

 

Table A-17. Lin et al. (2008) 

city_name census_area_name dv1995_1997 dv1996_1998 dv1997_1999 dv1998_2000 dv1999_2001
Amherst, NY  Erie County, NY  0.076 0.080 0.085 0.089 0.092

Babylon, NY  Suffolk County, NY  0.102 0.097 0.098 0.094 0.091

Belleayre, NY  Ulster County, NY  0.082 0.081 0.083 0.080 0.081

Camden, NY  Oneida County, NY 0.072 0.071 0.076 0.073 0.076

Dunkirk, NY  Chautauqua County, NY 0.085 0.087 0.089 0.088 0.089

Elmira, NY  Elmira, NY  0.073 0.075 0.079 0.079 0.079

Grafton, NY  Rensselaer County, NY

Loudonville, NY  Albany County, NY  0.081 0.080 0.080 0.077 0.080

Middleport, NY  Niagara County, NY 0.085 0.083 0.086 0.085 0.087

Millbrook, NY  Dutchess County, NY 0.090 0.089 0.090 0.087 0.087

Mt. Ninham, NY  Putnam County, NY 0.090 0.091 0.094 0.089 0.089

New York City, 
NY 

New York‐Northern New Jersey‐Long Island, 
NY‐NJ‐PA  0.108 0.104 0.107 0.107 0.109

Nick's Lake, NY  Herkimer County, NY 0.070 0.068 0.072 0.070 0.072

Perch River, NY  Jefferson County, NY 0.088 0.085 0.090 0.083 0.087

Piseco Lake, NY  Hamilton County, NY 0.075 0.075 0.079 0.077 0.077

Riverhead, NY  Suffolk County, NY  0.102 0.097 0.098 0.094 0.091

Rochester, NY  Rochester, NY  0.083 0.080 0.086 0.081 0.081

Schenectady, NY  Schenectady County, NY 0.074 0.071 0.075 0.071 0.075

Stillwater, NY  Saratoga County, NY 0.076 0.076 0.084 0.080 0.084

Syracuse, NY  Syracuse, NY  0.079 0.077 0.082 0.080 0.081

Westfield, NY  Chautauqua County, NY 0.085 0.087 0.089 0.088 0.089



White Plains, NY  Westchester County, NY 0.094 0.091 0.098 0.092 0.092

Whiteface, NY  Essex County, NY  0.086 0.081 0.081 0.081 0.083

Williamson, NY  Wayne County, NY  0.083 0.080 0.086 0.081 0.081

Georgetown, NY  Madison County, NY 0.077 0.077 0.079 0.078 0.078

Central Valley, 
NY  Orange County, NY 0.091 0.089 0.090 0.086 0.087

 

 

Table A-18. Moore et al. (2008) 

city_name census_area_name 
dv1980_
1982 

dv1981_
1983 

dv1982_
1984 

dv1983_
1985 

dv1984_
1986 

dv1985_
1987 

dv1986_
1988 

dv1987_
1989 

dv1988_
1990 

Long Beach, 
CA  Los Angeles County, CA  0.210  0.204  0.225  0.226  0.222  0.217  0.205  0.192  0.186 

Los Angeles, 
CA 

Los Angeles‐Long Beach‐
Santa Ana, CA  0.210  0.204  0.225  0.226  0.222  0.217  0.205  0.192  0.186 

Merced, CA  Merced, CA 

Pomona, CA  Los Angeles County, CA  0.210 0.204 0.225 0.226  0.222 0.217 0.205 0.192 0.186

Riverside, CA 
Riverside‐San Bernardino‐
Ontario, CA  0.217  0.210  0.209  0.211  0.210  0.200  0.188  0.188  0.185 

San 
Bernadino, 
CA  San Bernardino County, CA  0.217  0.210  0.209  0.211  0.210  0.200  0.188  0.188  0.185 

Santa Ana, 
CA  Orange County, CA  0.155  0.166  0.163  0.166  0.157  0.152  0.142  0.141  0.138 

Santa Clarita, 
CA  Los Angeles County, CA  0.210  0.204  0.225  0.226  0.222  0.217  0.205  0.192  0.186 

 

Table A-18. Continued 

city_name 
census_area
name 

dv1989_ 
1991 

dv1990_
1992 

dv1991_
1993 

dv1992_1
994 

dv1993_
1995 

dv1994_
1996 

dv1995_
1997 

dv1996_
1998 

dv1997_
1999 

dv1998_
2000 

Long 
Beach, CA 

Los Angeles 
County, CA  0.179  0.177  0.177  0.168  0.156  0.145  0.135  0.133  0.118  0.115 

Los 
Angeles, 

Los Angeles‐
Long Beach‐ 0.179  0.177  0.177  0.168  0.156  0.145  0.135  0.133  0.118  0.115 



CA  Santa Ana, 
CA 

Merced, 
CA  Merced, CA  0.098  0.098  0.100  0.102  0.094  0.096  0.097  0.106 

Pomona, 
CA 

Los Angeles 
County, CA  0.179  0.177  0.177  0.168  0.156  0.145  0.135  0.133  0.118  0.115 

Riverside, 
CA 

Riverside‐
San 
Bernardino‐
Ontario, CA  0.182  0.180  0.177  0.171  0.165  0.161  0.148  0.154  0.147  0.146 

San 
Bernadino
, CA 

San 
Bernardino 
County, CA  0.182  0.180  0.177  0.171  0.165  0.161  0.148  0.154  0.147  0.146 

Santa Ana, 
CA 

Orange 
County, CA  0.127  0.120  0.114  0.117  0.107  0.100  0.088  0.088  0.084  0.084 

Santa 
Clarita, CA 

Los Angeles 
County, CA  0.179  0.177  0.177  0.168  0.156  0.145  0.135  0.133  0.118  0.115 

 

 

Table A-19. Jerrett et al. (2009) 

city_name  census_area_name  dv1977_1979  dv1978_1980  dv1979_1981  dv1980_1982  dv1981_1983  dv1982_1984  dv1983_1985 

Charleston, SC 

Charleston‐North 
Charleston‐
Summerville, SC  0.088  0.08  0.074  0.072  0.076  0.077 

Charleston, WV  Charleston, WV  0.077  0.077  0.075  0.078  0.082  0.086  0.087 

Charlotte, NC 

Charlotte‐
Gastonia‐Concord, 
NC‐SC  0.1  0.099  0.097  0.098 

Chattanooga, 
TN 

Chattanooga, TN‐
GA  0.09  0.094  0.097  0.097  0.093  0.091 

Chicago, IL 
Chicago‐Naperville‐
Joliet, IL‐IN‐WI  0.112  0.112  0.1  0.096  0.103  0.103  0.106 



Cincinnati, OH 

Cincinnati‐
Middletown, OH‐
KY‐IN  0.119  0.109  0.104  0.101  0.1  0.1  0.097 

Cleveland, OH 
Cleveland‐Elyria‐
Mentor, OH  0.108  0.101  0.094  0.092  0.096  0.098  0.1 

Colorado 
Springs, CO 

Colorado Springs, 
CO  0.06  0.06  0.063  0.062 

Columbia, SC  Columbia, SC  0.078  0.109  0.091  0.087  0.088  0.084  0.082 

Columbus, OH  Columbus, OH  0.098  0.103  0.091  0.093  0.092  0.094  0.093 

Corpus Christi, 
TX  Corpus Christi, TX  0.079  0.086  0.084 

Dallas/Ft Worth, 
TX 

Dallas‐Fort Worth‐
Arlington, TX  0.109  0.111  0.108  0.108  0.11  0.118 

Dayton, OH  Dayton, OH  0.122  0.108  0.102  0.103  0.104  0.1  0.092 

Denver, CO 
Denver‐Aurora‐
Broomfield, CO  0.091  0.089  0.088  0.084  0.089  0.087  0.082 

Detroit, MI 
Detroit‐Warren‐
Livonia, MI  0.101  0.097  0.092  0.097  0.103  0.098  0.094 

El Paso, TX  El Paso, TX  0.079  0.084  0.089 

Evansville, IN  Evansville, IN‐KY  0.096  0.094  0.092 

Flint, MI  Flint, MI  0.082  0.086  0.082  0.085  0.088  0.087  0.08 

Fresno, CA  Fresno, CA  0.101  0.103  0.123  0.123  0.116  0.114  0.11 

Ft. Lauderdale, 
FL  Broward County, FL  0.074  0.075  0.071  0.069  0.069 

Gary, IN  Lake County, IN  0.105  0.098  0.087  0.09  0.095  0.097  0.095 

Greely, CO  Greeley, CO  0.059  0.071  0.069 

Greensboro, NC 
Greensboro‐High 
Point, NC  0.086  0.09  0.087  0.089  0.087 

Greenville, SC 
Greenville‐
Mauldin‐Easley, SC  0.094  0.094  0.093  0.089  0.088 

Harrisburg, PA 
Harrisburg‐Carlisle, 
PA  0.095  0.087  0.096  0.098  0.1  0.098 



Houston, TX 
Houston‐Sugar 
Land‐Baytown, TX  0.099  0.14  0.132  0.124  0.139  0.128  0.124 

Huntington, WV 

Huntington‐
Ashland, WV‐KY‐
OH  0.088  0.09  0.095  0.097  0.097 

Indianapolis, IN 
Indianapolis‐
Carmel, IN  0.076  0.09  0.087  0.103  0.101  0.101  0.096 

Jackson, MS  Jackson, MS  0.098  0.09  0.084  0.081  0.079  0.076  0.078 

Jacksonville, FL  Jacksonville, FL  0.086  0.086  0.087  0.085  0.08  0.076  0.075 

Jersey City, NJ  Hudson County, NJ  0.111 

Johnstown, PA  Johnstown, PA  0.1  0.107  0.1  0.097  0.087  0.087  0.087 

Kansas City, MO  Kansas City, MO‐KS  0.074  0.081  0.097  0.089  0.089  0.094  0.096 

Kenosha, WI 
Kenosha County, 
WI  0.095  0.103  0.097  0.1 

Knoxville, TN  Knoxville, TN  0.09  0.088  0.083 

Lancaster, PA  Lancaster, PA  0.088  0.096  0.092  0.096  0.101  0.1  0.098 

Lansing, MI 
Lansing‐East 
Lansing, MI  0.086  0.073  0.08  0.08  0.076 

Las Vegas, NV 
Las Vegas‐Paradise, 
NV  0.074  0.085  0.085  0.08  0.079 

Lexington, KY 
Lexington‐Fayette, 
KY  0.091  0.087  0.085  0.086  0.091  0.092 

Little Rock, AR 

Little Rock‐North 
Little Rock‐
Conway, AR  0.098  0.107  0.1  0.085  0.082  0.083  0.087 

Los Angeles, CA 

Los Angeles‐Long 
Beach‐Santa Ana, 
CA  0.174  0.248  0.229  0.21  0.204  0.225  0.226 

Madison, WI  Madison, WI  0.096  0.102  0.095  0.088  0.078  0.076  0.078 

Memphis, TN 
Memphis, TN‐MS‐
AR  0.102  0.103  0.085  0.096  0.097  0.092  0.092 

Milwaukee, WI 

Milwaukee‐
Waukesha‐West 
Allis, WI  0.114  0.11  0.11  0.106  0.111  0.104  0.105 

Minneapolis, 
MN 

Minneapolis‐St. 
Paul‐Bloomington, 
MN‐WI  0.08  0.079  0.076  0.073  0.073 



Nashville, TN 

Nashville‐
Murfreesboro‐
Franklin, TN  0.092  0.085  0.077  0.083  0.083  0.09  0.095 

Nassau, NY  Nassau County, NY 

New Haven, CT 
New Haven‐
Milford, CT  0.135  0.127  0.118  0.121  0.13  0.136  0.128 

New Orleans, LA 

New Orleans‐
Metairie‐Kenner, 
LA  0.087  0.087  0.085  0.083  0.099  0.089 

New York City, 
NY 

New York‐Northern 
New Jersey‐Long 
Island, NY‐NJ‐PA  0.124  0.118  0.116  0.12  0.121  0.12  0.128 

Newark, NJ  Essex County, NJ 

Norfolk, VA 

Virginia Beach‐
Norfolk‐Newport 
News, VA‐NC  0.1  0.101  0.091  0.091  0.096  0.095  0.093 

Oklahoma City, 
OK  Oklahoma City, OK  0.089  0.093  0.084  0.084  0.087  0.085  0.089 

Orlando, FL 
Orlando‐
Kissimmee, FL  0.078  0.08  0.077  0.078  0.078  0.078  0.074 

Philadelphia, PA 

Philadelphia‐
Camden‐
Wilmington, PA‐NJ‐
DE‐MD  0.126  0.136  0.127  0.125  0.114  0.122  0.119 

Phoenix, AZ 
Phoenix‐Mesa‐
Scottsdale, AZ  0.076  0.078  0.081  0.085  0.09  0.093  0.096 

Pittsburgh, PA  Pittsburgh, PA  0.111  0.123  0.109  0.104  0.106  0.099  0.099 

Portland, ME 

Portland‐South 
Portland‐
Biddeford, ME  0.107  0.11  0.116 

Portland, OR 

Portland‐
Vancouver‐
Beaverton, OR‐WA  0.084  0.088  0.082  0.082  0.081  0.074  0.076 

Portsmouth, NH 
Rockingham 
County, NH  0.097  0.094  0.082  0.077 



Providence, RI 

Providence‐New 
Bedford‐Fall River, 
RI‐MA  0.121  0.124  0.124  0.121  0.115  0.121  0.121 

Racine, WI  Racine, WI  0.093  0.112  0.108  0.109  0.113  0.112  0.111 

Raleigh, NC  Raleigh‐Cary, NC  0.088  0.091  0.089  0.085  0.087 

Reading, PA  Reading, PA  0.098  0.105  0.109  0.114  0.106  0.102  0.1 

Richmond, VA  Richmond, VA  0.084  0.098  0.098  0.099 

Riverside, CA 

Riverside‐San 
Bernardino‐
Ontario, CA  0.239  0.245  0.235  0.217  0.21  0.209  0.211 

Roanoke, VA  Roanoke, VA  0.083  0.086  0.084 

Rochester, NY  Rochester, NY  0.093  0.091  0.084  0.086  0.09  0.091  0.09 

Sacramento, CA 

Sacramento‐Arden 
Arcade‐Roseville, 
CA  0.102  0.112  0.114  0.115  0.118 

Salinas, CA  Salinas, CA  0.066  0.061  0.061  0.057  0.065  0.074 

San Antonio, TX  San Antonio, TX  0.086  0.089  0.092  0.09  0.087  0.086 

San Diego, CA 

San Diego‐
Carlsbad‐San 
Marcos, CA  0.115  0.118  0.141  0.137  0.13  0.126  0.132 

San Francisco, 
CA 

San Francisco‐
Oakland‐Fremont, 
CA  0.085  0.092  0.086  0.091  0.089  0.091  0.096 

San Jose, CA 

San Jose‐
Sunnyvale‐Santa 
Clara, CA  0.093  0.101  0.102  0.094  0.095  0.1  0.103 

Seattle, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.088  0.081  0.084  0.085  0.08  0.069  0.069 

Shreveport, LA 
Shreveport‐Bossier 
City, LA  0.08  0.081  0.077  0.079 

South Bend, IN 
South Bend‐
Mishawaka, IN‐MI  0.093  0.093  0.102  0.095  0.09  0.088 

Springfield, MA  Springfield, MA  0.1  0.112 

St Louis, MO  St. Louis, MO‐IL  0.122  0.117  0.109  0.101  0.107  0.111  0.113 



Steubenville, OH 

Weirton‐
Steubenville, WV‐
OH  0.098  0.099  0.088  0.083  0.073  0.071  0.064 

Syracuse, NY  Syracuse, NY 

Tacoma, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.088  0.081  0.084  0.085  0.08  0.069  0.069 

Tampa, FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.09  0.088  0.087  0.087  0.089  0.09  0.087 

Toledo, OH  Toledo, OH  0.108  0.104  0.102  0.1  0.101  0.09  0.087 

Trenton, NJ  Trenton‐Ewing, NJ  0.116  0.117  0.12 

Tucson, AZ  Tucson, AZ  0.07  0.074  0.074  0.082  0.081  0.082  0.079 

Vallejo, CA  Vallejo‐Fairfield, CA  0.068  0.069  0.063  0.074  0.072  0.074  0.075 

Ventura, CA 
Ventura County, 
CA  0.13  0.13  0.109  0.104  0.098  0.112  0.113 

Washington, DC 

Washington‐
Arlington‐
Alexandria, DC‐VA‐
MD‐WV  0.112  0.101  0.101  0.113  0.113  0.112  0.11 

Wichita, KS  Wichita, KS  0.074  0.078  0.079  0.081 

Wilmington, DE 
New Castle County, 
DE  0.083  0.088  0.093  0.106  0.112  0.116 

Worcester, MA  Worcester, MA  0.102  0.092  0.096  0.099 

York, PA  York‐Hanover, PA  0.105  0.107  0.098  0.096  0.097  0.098  0.099 

Youngstown, OH 

Youngstown‐
Warren‐Boardman, 
OH‐PA  0.097  0.093  0.089 

 

 



Table A-19. Continued 

city_name  census_area_name  dv1984_1986  dv1985_1987  dv1986_1988  dv1987_1989  dv1988_1990  dv1989_1991  dv1990_1992 

Charleston, SC 

Charleston‐North 
Charleston‐
Summerville, SC  0.081  0.085  0.09  0.087  0.083  0.076  0.074 

Charleston, WV  Charleston, WV  0.084  0.087  0.099  0.094  0.089  0.081  0.074 

Charlotte, NC 

Charlotte‐
Gastonia‐Concord, 
NC‐SC  0.094  0.102  0.112  0.104  0.101  0.092  0.091 

Chattanooga, 
TN 

Chattanooga, TN‐
GA  0.089  0.089  0.094  0.092  0.09  0.086  0.083 

Chicago, IL 
Chicago‐Naperville‐
Joliet, IL‐IN‐WI  0.098  0.101  0.112  0.114  0.114  0.104  0.099 

Cincinnati, OH 

Cincinnati‐
Middletown, OH‐
KY‐IN  0.093  0.098  0.109  0.106  0.107  0.102  0.095 

Cleveland, OH 
Cleveland‐Elyria‐
Mentor, OH  0.094  0.092  0.104  0.105  0.104  0.093  0.09 

Colorado 
Springs, CO 

Colorado Springs, 
CO  0.062  0.06  0.061  0.063  0.065  0.066  0.063 

Columbia, SC  Columbia, SC  0.081  0.084  0.069  0.091  0.091  0.081  0.084 

Columbus, OH  Columbus, OH  0.089  0.089  0.093  0.097  0.095  0.089  0.092 

Corpus Christi, 
TX  Corpus Christi, TX  0.078  0.083  0.086  0.089  0.085  0.079  0.077 

Dallas/Ft Worth, 
TX 

Dallas‐Fort Worth‐
Arlington, TX  0.113  0.108  0.101  0.1  0.105  0.105  0.099 

Dayton, OH  Dayton, OH  0.088  0.09  0.095  0.096  0.092  0.086  0.082 

Denver, CO 
Denver‐Aurora‐
Broomfield, CO  0.079  0.081  0.088  0.087  0.086  0.08  0.074 

Detroit, MI 
Detroit‐Warren‐
Livonia, MI  0.089  0.093  0.1  0.099  0.099  0.096  0.091 

El Paso, TX  El Paso, TX  0.096  0.096  0.092  0.088  0.083  0.08  0.079 



Evansville, IN  Evansville, IN‐KY  0.09  0.094  0.099  0.1  0.099  0.091  0.088 

Flint, MI  Flint, MI  0.077  0.079  0.09  0.091  0.09  0.085  0.081 

Fresno, CA  Fresno, CA  0.117  0.118  0.121  0.115  0.11  0.108  0.108 

Ft. Lauderdale, 
FL  Broward County, FL  0.073  0.073  0.077  0.076  0.079  0.075  0.073 

Gary, IN  Lake County, IN  0.088  0.087  0.093  0.096  0.092  0.087  0.083 

Greely, CO  Greeley, CO  0.067  0.068  0.07  0.072  0.074  0.075  0.072 

Greensboro, NC 
Greensboro‐High 
Point, NC  0.089  0.089  0.1  0.097  0.1  0.088  0.085 

Greenville, SC 
Greenville‐
Mauldin‐Easley, SC  0.085  0.089  0.091  0.09  0.085  0.075  0.075 

Harrisburg, PA 
Harrisburg‐Carlisle, 
PA  0.091  0.096  0.103  0.103  0.098  0.094  0.091 

Houston, TX 
Houston‐Sugar 
Land‐Baytown, TX  0.127  0.127  0.118  0.117  0.119  0.119  0.116 

Huntington, WV 

Huntington‐
Ashland, WV‐KY‐
OH  0.09  0.093  0.099  0.103  0.103  0.092  0.096 

Indianapolis, IN 
Indianapolis‐
Carmel, IN  0.09  0.091  0.096  0.098  0.095  0.091  0.089 

Jackson, MS  Jackson, MS  0.077  0.076  0.077  0.075  0.079  0.076  0.076 

Jacksonville, FL  Jacksonville, FL  0.075  0.081  0.084  0.086  0.084  0.081  0.079 

Jersey City, NJ  Hudson County, NJ  0.104  0.109  0.117  0.118  0.115  0.107  0.104 

Johnstown, PA  Johnstown, PA  0.085  0.087  0.097  0.097  0.093  0.086  0.083 

Kansas City, MO  Kansas City, MO‐KS  0.089  0.084  0.088  0.088  0.086  0.082  0.083 

Kenosha, WI 
Kenosha County, 
WI  0.089  0.098  0.111  0.114  0.114  0.104  0.099 

Knoxville, TN  Knoxville, TN  0.094  0.087  0.097  0.093  0.094  0.086  0.089 

Lancaster, PA  Lancaster, PA  0.09  0.091  0.097  0.097  0.093  0.09  0.09 

Lansing, MI 
Lansing‐East 
Lansing, MI  0.073  0.077  0.09  0.089  0.087  0.081  0.082 

Las Vegas, NV 
Las Vegas‐Paradise, 
NV  0.08  0.083  0.082  0.081  0.078  0.078  0.076 

Lexington, KY  Lexington‐Fayette,  0.092  0.094  0.099  0.099  0.096  0.085  0.078 



KY 

Little Rock, AR 

Little Rock‐North 
Little Rock‐
Conway, AR  0.087  0.089  0.09  0.085  0.082  0.079  0.08 

Los Angeles, CA 

Los Angeles‐Long 
Beach‐Santa Ana, 
CA  0.222  0.217  0.205  0.192  0.186  0.179  0.177 

Madison, WI  Madison, WI  0.075  0.079  0.09  0.091  0.079  0.081  0.079 

Memphis, TN 
Memphis, TN‐MS‐
AR  0.093  0.096  0.1  0.095  0.095  0.089  0.091 

Milwaukee, WI 

Milwaukee‐
Waukesha‐West 
Allis, WI  0.095  0.105  0.113  0.117  0.105  0.101  0.095 

Minneapolis, 
MN 

Minneapolis‐St. 
Paul‐Bloomington, 
MN‐WI  0.071  0.073  0.077  0.08  0.079  0.075  0.071 

Nashville, TN 

Nashville‐
Murfreesboro‐
Franklin, TN  0.097  0.098  0.106  0.104  0.104  0.096  0.096 

Nassau, NY  Nassau County, NY               

New Haven, CT 
New Haven‐
Milford, CT  0.115  0.108  0.112  0.113  0.116  0.116  0.113 

New Orleans, LA 

New Orleans‐
Metairie‐Kenner, 
LA  0.089  0.088  0.094  0.09  0.085  0.077  0.08 

New York City, 
NY 

New York‐Northern 
New Jersey‐Long 
Island, NY‐NJ‐PA  0.119  0.122  0.129  0.129  0.128  0.122  0.116 

Newark, NJ  Essex County, NJ    0.086  0.092  0.105  0.098  0.088  0.086 

Norfolk, VA 

Virginia Beach‐
Norfolk‐Newport 
News, VA‐NC  0.087  0.089  0.095  0.093  0.091  0.084  0.086 

Oklahoma City, 
OK  Oklahoma City, OK  0.087  0.084  0.085  0.087  0.087  0.086  0.084 

Orlando, FL 
Orlando‐
Kissimmee, FL  0.075  0.078  0.082  0.082  0.082  0.08  0.079 



Philadelphia, PA 

Philadelphia‐
Camden‐
Wilmington, PA‐NJ‐
DE‐MD  0.119  0.123  0.132  0.123  0.12  0.113  0.107 

Phoenix, AZ 
Phoenix‐Mesa‐
Scottsdale, AZ  0.09  0.086  0.081  0.077  0.082  0.083  0.091 

Pittsburgh, PA  Pittsburgh, PA  0.09  0.093  0.104  0.107  0.098  0.092  0.088 

Portland, ME 

Portland‐South 
Portland‐
Biddeford, ME  0.112  0.112  0.112  0.117  0.115  0.109  0.105 

Portland, OR 

Portland‐
Vancouver‐
Beaverton, OR‐WA  0.085  0.086  0.085  0.077  0.085  0.082  0.091 

Portsmouth, NH 
Rockingham 
County, NH  0.078  0.087  0.094  0.104  0.1  0.098  0.092 

Providence, RI 

Providence‐New 
Bedford‐Fall River, 
RI‐MA  0.114  0.107  0.113  0.108  0.108  0.107  0.105 

Racine, WI  Racine, WI  0.102  0.107  0.12  0.124  0.11  0.098  0.088 

Raleigh, NC  Raleigh‐Cary, NC  0.087  0.092  0.104  0.099  0.093  0.089  0.086 

Reading, PA  Reading, PA  0.092  0.096  0.104  0.105  0.102  0.096  0.094 

Richmond, VA  Richmond, VA  0.095  0.097  0.104  0.103  0.097  0.087  0.087 

Riverside, CA 

Riverside‐San 
Bernardino‐
Ontario, CA  0.21  0.2  0.188  0.188  0.185  0.182  0.18 

Roanoke, VA  Roanoke, VA  0.083  0.087  0.095  0.092  0.085  0.076  0.074 

Rochester, NY  Rochester, NY  0.09  0.091  0.099  0.099  0.095  0.092  0.09 

Sacramento, CA 

Sacramento‐Arden 
Arcade‐Roseville, 
CA  0.118  0.114  0.114  0.114  0.107  0.105  0.105 

Salinas, CA  Salinas, CA  0.071  0.071  0.068  0.072  0.07  0.07  0.071 

San Antonio, TX  San Antonio, TX  0.085  0.083  0.084  0.085  0.085  0.082  0.079 

San Diego, CA 

San Diego‐
Carlsbad‐San 
Marcos, CA  0.125  0.124  0.121  0.125  0.129  0.125  0.118 



San Francisco, 
CA 

San Francisco‐
Oakland‐Fremont, 
CA  0.093  0.089  0.087  0.089  0.087  0.084  0.082 

San Jose, CA 

San Jose‐
Sunnyvale‐Santa 
Clara, CA  0.097  0.092  0.092  0.097  0.088  0.082  0.083 

Seattle, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.075  0.077  0.074  0.076  0.079  0.078  0.086 

Shreveport, LA 
Shreveport‐Bossier 
City, LA  0.082  0.085  0.086  0.087  0.088  0.084  0.086 

South Bend, IN 
South Bend‐
Mishawaka, IN‐MI  0.081  0.088  0.092  0.093  0.087  0.08  0.083 

Springfield, MA  Springfield, MA  0.102  0.096  0.106  0.109  0.115  0.107  0.105 

St Louis, MO  St. Louis, MO‐IL  0.103  0.102  0.114  0.111  0.102  0.098  0.098 

Steubenville, OH 

Weirton‐
Steubenville, WV‐
OH  0.062  0.069  0.086  0.09  0.088  0.085  0.083 

Syracuse, NY  Syracuse, NY    0.083  0.096  0.092  0.088  0.083  0.083 

Tacoma, WA 
Seattle‐Tacoma‐
Bellevue, WA  0.075  0.077  0.074  0.076  0.079  0.078  0.086 

Tampa, FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.088  0.091  0.09  0.086  0.085  0.079  0.081 

Toledo, OH  Toledo, OH  0.079  0.083  0.097  0.102  0.099  0.086  0.082 

Trenton, NJ  Trenton‐Ewing, NJ  0.11  0.114  0.124  0.123  0.117  0.111  0.112 

Tucson, AZ  Tucson, AZ  0.076  0.074  0.069  0.071  0.075  0.074  0.075 

Vallejo, CA  Vallejo‐Fairfield, CA  0.073  0.077  0.079  0.082  0.075  0.074  0.074 

Ventura, CA 
Ventura County, 
CA  0.116  0.114  0.131  0.132  0.13  0.126  0.117 

Washington, DC 

Washington‐
Arlington‐
Alexandria, DC‐VA‐
MD‐WV  0.104  0.11  0.116  0.115  0.107  0.1  0.1 

Wichita, KS  Wichita, KS  0.077  0.076  0.08  0.08  0.081  0.075  0.074 

Wilmington, DE  New Castle County,  0.102  0.106  0.114  0.114  0.115  0.107  0.101 



DE 

Worcester, MA  Worcester, MA  0.091  0.086  0.088  0.091  0.091  0.089  0.091 

York, PA  York‐Hanover, PA  0.093  0.094  0.1  0.099  0.099  0.094  0.093 

Youngstown, OH 

Youngstown‐
Warren‐Boardman, 
OH‐PA  0.085  0.089  0.101  0.103  0.099  0.09  0.091 

 

Table A-19. Continued 

city_name 
census_area_
name  dv1991_1993  dv1992_1994  dv1993_1995  dv1994_1996  dv1995_1997  dv1996_1998  dv1997_1999  dv1998_2000 

Charleston, SC 

Charleston‐
North 
Charleston‐
Summerville, 
SC  0.074  0.075  0.074  0.072  0.076  0.077  0.079  0.082 

Charleston, 
WV 

Charleston, 
WV  0.069  0.064  0.076  0.081  0.081  0.081  0.09  0.093 

Charlotte, NC 

Charlotte‐
Gastonia‐
Concord, NC‐
SC  0.091  0.092  0.094  0.094  0.097  0.103  0.104  0.104 

Chattanooga, 
TN 

Chattanooga, 
TN‐GA  0.082  0.086  0.091  0.091  0.09  0.093  0.094  0.097 

Chicago, IL 

Chicago‐
Naperville‐
Joliet, IL‐IN‐WI  0.1  0.093  0.099  0.097  0.096  0.091  0.095  0.093 

Cincinnati, OH 

Cincinnati‐
Middletown, 
OH‐KY‐IN  0.091  0.091  0.098  0.099  0.095  0.092  0.095  0.094 

Cleveland, OH 

Cleveland‐
Elyria‐Mentor, 
OH  0.092  0.093  0.098  0.1  0.099  0.098  0.099  0.095 

Colorado 
Springs, CO 

Colorado 
Springs, CO  0.062  0.061  0.061  0.059  0.056  0.059  0.062  0.065 

Columbia, SC  Columbia, SC  0.085  0.087  0.086  0.081  0.08  0.087  0.092  0.096 

Columbus, OH  Columbus, OH  0.09  0.086  0.09  0.092  0.092  0.093  0.097  0.095 

Corpus Christi,  Corpus Christi,  0.078  0.079  0.082  0.083  0.083  0.08  0.081  0.083 



TX  TX 

Dallas/Ft 
Worth, TX 

Dallas‐Fort 
Worth‐
Arlington, TX  0.095  0.096  0.106  0.104  0.104  0.098  0.101  0.102 

Dayton, OH  Dayton, OH  0.084  0.086  0.092  0.093  0.091  0.093  0.093  0.09 

Denver, CO 

Denver‐
Aurora‐
Broomfield, 
CO  0.071  0.074  0.081  0.081  0.079  0.084  0.083  0.086 

Detroit, MI 

Detroit‐
Warren‐
Livonia, MI  0.089  0.088  0.093  0.094  0.092  0.093  0.095  0.089 

El Paso, TX  El Paso, TX  0.078  0.081  0.084  0.089  0.08  0.082  0.078  0.08 

Evansville, IN 
Evansville, IN‐
KY  0.087  0.089  0.094  0.095  0.093  0.093  0.094  0.091 

Flint, MI  Flint, MI  0.077  0.071  0.075  0.082  0.084  0.086  0.089  0.086 

Fresno, CA  Fresno, CA  0.111  0.107  0.108  0.107  0.111  0.115  0.113  0.111 

Ft. Lauderdale, 
FL 

Broward 
County, FL  0.076  0.079  0.074  0.069  0.069  0.072  0.075  0.075 

Gary, IN 
Lake County, 
IN  0.08  0.077  0.084  0.091  0.095  0.09  0.091  0.088 

Greely, CO  Greeley, CO  0.068  0.066  0.068  0.071  0.07  0.071  0.071  0.071 

Greensboro, 
NC 

Greensboro‐
High Point, NC  0.083  0.084  0.088  0.086  0.085  0.089  0.092  0.094 

Greenville, SC 

Greenville‐
Mauldin‐
Easley, SC  0.082  0.081  0.082  0.081  0.083  0.087  0.09  0.09 

Harrisburg, PA 
Harrisburg‐
Carlisle, PA  0.091  0.089  0.092  0.087  0.088  0.088  0.094  0.093 

Houston, TX 

Houston‐Sugar 
Land‐Baytown, 
TX  0.104  0.11  0.114  0.116  0.117  0.116  0.118  0.112 

Huntington, 
WV 

Huntington‐
Ashland, WV‐
KY‐OH  0.092  0.09  0.096  0.091  0.088  0.092  0.095  0.094 

Indianapolis, 
IN 

Indianapolis‐
Carmel, IN  0.087  0.09  0.094  0.098  0.097  0.098  0.097  0.095 

Jackson, MS  Jackson, MS  0.074  0.075  0.076  0.077  0.077  0.08  0.081  0.083 



Jacksonville, FL  Jacksonville, FL  0.079  0.081  0.08  0.078  0.081  0.088  0.088  0.085 

Jersey City, NJ 
Hudson 
County, NJ  0.103  0.096  0.1  0.095  0.098  0.093  0.1  0.092 

Johnstown, PA  Johnstown, PA  0.084  0.08  0.085  0.085  0.088  0.091  0.093  0.091 

Kansas City, 
MO 

Kansas City, 
MO‐KS  0.082  0.082  0.09  0.092  0.094  0.093  0.091  0.089 

Kenosha, WI 
Kenosha 
County, WI  0.1  0.093  0.099  0.097  0.096  0.09  0.095  0.093 

Knoxville, TN  Knoxville, TN  0.088  0.089  0.093  0.093  0.095  0.1  0.104  0.104 

Lancaster, PA  Lancaster, PA  0.093  0.091  0.096  0.093  0.096  0.096  0.101  0.097 

Lansing, MI 
Lansing‐East 
Lansing, MI  0.081  0.079  0.082  0.084  0.083  0.08  0.082  0.082 

Las Vegas, NV 
Las Vegas‐
Paradise, NV  0.075  0.079  0.079  0.08  0.079  0.08  0.077  0.085 

Lexington, KY 
Lexington‐
Fayette, KY  0.077  0.079  0.087  0.087  0.085  0.085  0.087  0.085 

Little Rock, AR 

Little Rock‐
North Little 
Rock‐Conway, 
AR  0.078  0.077  0.08  0.08  0.081  0.08  0.082  0.087 

Los Angeles, 
CA 

Los Angeles‐
Long Beach‐
Santa Ana, CA  0.177  0.168  0.156  0.145  0.135  0.133  0.118  0.115 

Madison, WI  Madison, WI  0.073  0.072  0.072  0.08  0.081  0.078  0.08  0.078 

Memphis, TN 
Memphis, TN‐
MS‐AR  0.09  0.09  0.091  0.094  0.095  0.093  0.095  0.097 

Milwaukee, WI 

Milwaukee‐
Waukesha‐
West Allis, WI  0.09  0.084  0.092  0.097  0.098  0.093  0.097  0.092 

Minneapolis, 
MN 

Minneapolis‐
St. Paul‐
Bloomington, 
MN‐WI  0.07  0.07  0.072  0.074  0.072  0.07  0.074  0.074 

Nashville, TN 

Nashville‐
Murfreesboro‐
Franklin, TN  0.095  0.096  0.099  0.099  0.099  0.101  0.102  0.1 

Nassau, NY 
Nassau 
County, NY                 

New Haven,  New Haven‐ 0.108  0.097  0.105  0.101  0.107  0.1  0.103  0.096 



CT  Milford, CT 

New Orleans, 
LA 

New Orleans‐
Metairie‐
Kenner, LA  0.081  0.086  0.084  0.085  0.083  0.084  0.086  0.091 

New York City, 
NY 

New York‐
Northern New 
Jersey‐Long 
Island, NY‐NJ‐
PA  0.108  0.1  0.106  0.104  0.108  0.104  0.107  0.107 

Newark, NJ 
Essex County, 
NJ  0.084  0.081  0.088  0.088  0.092  0.088  0.093  0 

Norfolk, VA 

Virginia Beach‐
Norfolk‐
Newport 
News, VA‐NC  0.09  0.088  0.087  0.083  0.087  0.09  0.094  0.089 

Oklahoma 
City, OK 

Oklahoma 
City, OK  0.081  0.081  0.084  0.085  0.083  0.085  0.086  0.084 

Orlando, FL 
Orlando‐
Kissimmee, FL  0.078  0.082  0.079  0.079  0.078  0.084  0.085  0.085 

Philadelphia, 
PA 

Philadelphia‐
Camden‐
Wilmington, 
PA‐NJ‐DE‐MD  0.106  0.099  0.104  0.101  0.11  0.107  0.11  0.106 

Phoenix, AZ 
Phoenix‐Mesa‐
Scottsdale, AZ  0.088  0.086  0.089  0.09  0.092  0.091  0.088  0.088 

Pittsburgh, PA  Pittsburgh, PA  0.095  0.096  0.105  0.103  0.105  0.099  0.101  0.096 

Portland, ME 

Portland‐
South 
Portland‐
Biddeford, ME  0.102  0.095  0.096  0.092  0.096  0.092  0.092  0.084 

Portland, OR 

Portland‐
Vancouver‐
Beaverton, 
OR‐WA  0.076  0.078  0.071  0.083  0.078  0.08  0.071  0.072 

Portsmouth, 
NH 

Rockingham 
County, NH  0.096  0.093  0.096  0.094  0.095  0.091  0.09  0.08 

Providence, RI 

Providence‐
New Bedford‐
Fall River, RI‐
MA  0.099  0.092  0.097  0.094  0.097  0.09  0.092  0.088 



Racine, WI  Racine, WI  0.086  0.082  0.088  0.089  0.092  0.088  0.091  0.085 

Raleigh, NC 
Raleigh‐Cary, 
NC  0.087  0.086  0.087  0.087  0.089  0.096  0.103  0.101 

Reading, PA  Reading, PA  0.094  0.086  0.088  0.089  0.092  0.091  0.096  0.092 

Richmond, VA  Richmond, VA  0.091  0.092  0.093  0.087  0.09  0.092  0.099  0.091 

Riverside, CA 

Riverside‐San 
Bernardino‐
Ontario, CA  0.177  0.171  0.165  0.161  0.148  0.154  0.147  0.146 

Roanoke, VA  Roanoke, VA  0.077  0.08  0.082  0.078  0.078  0.085  0.09  0.089 

Rochester, NY  Rochester, NY  0.088  0.08  0.085  0.081  0.083  0.08  0.086  0.081 

Sacramento, 
CA 

Sacramento‐
Arden Arcade‐
Roseville, CA  0.11  0.104  0.106  0.106  0.099  0.103  0.103  0.107 

Salinas, CA  Salinas, CA  0.069  0.07  0.069  0.067  0.065  0.066  0.062  0.064 

San Antonio, 
TX 

San Antonio, 
TX  0.079  0.082  0.087  0.087  0.087  0.085  0.088  0.086 

San Diego, CA 

San Diego‐
Carlsbad‐San 
Marcos, CA  0.112  0.109  0.108  0.104  0.099  0.102  0.099  0.1 

San Francisco, 
CA 

San Francisco‐
Oakland‐
Fremont, CA  0.081  0.082  0.087  0.093  0.09  0.089  0.086  0.087 

San Jose, CA 

San Jose‐
Sunnyvale‐
Santa Clara, 
CA  0.08  0.08  0.083  0.088  0.085  0.086  0.082  0.082 

Seattle, WA 

Seattle‐
Tacoma‐
Bellevue, WA  0.077  0.074  0.071  0.076  0.078  0.081  0.074  0.075 

Shreveport, LA 

Shreveport‐
Bossier City, 
LA  0.085  0.086  0.083  0.08  0.082  0.084  0.089  0.092 

South Bend, IN 

South Bend‐
Mishawaka, 
IN‐MI  0.089  0.087  0.089  0.094  0.094  0.092  0.092  0.088 

Springfield, 
MA 

Springfield, 
MA  0.1  0.095  0.094  0.092  0.097  0.096  0.099  0.089 

St Louis, MO 
St. Louis, MO‐
IL  0.091  0.091  0.098  0.104  0.1  0.095  0.095  0.094 



Steubenville, 
OH 

Weirton‐
Steubenville, 
WV‐OH  0.085  0.08  0.087  0.086  0.085  0.084  0.087  0.083 

Syracuse, NY  Syracuse, NY  0.087  0.081  0.082  0.079  0.079  0.077  0.082  0.08 

Tacoma, WA 

Seattle‐
Tacoma‐
Bellevue, WA  0.077  0.074  0.071  0.076  0.078  0.081  0.074  0.075 

Tampa, FL 

Tampa‐St. 
Petersburg‐
Clearwater, FL  0.08  0.08  0.08  0.081  0.082  0.088  0.09  0.088 

Toledo, OH  Toledo, OH  0.085  0.086  0.09  0.091  0.089  0.089  0.086  0.084 

Trenton, NJ 
Trenton‐
Ewing, NJ  0.111  0.105  0.104  0.1  0.101  0.097  0.104  0.102 

Tucson, AZ  Tucson, AZ  0.077  0.078  0.081  0.079  0.079  0.077  0.075  0.073 

Vallejo, CA 
Vallejo‐
Fairfield, CA  0.074  0.073  0.077  0.079  0.078  0.082  0.085  0.085 

Ventura, CA 
Ventura 
County, CA  0.115  0.112  0.117  0.119  0.115  0.112  0.106  0.105 

Washington, 
DC 

Washington‐
Arlington‐
Alexandria, 
DC‐VA‐MD‐
WV  0.101  0.096  0.098  0.094  0.1  0.101  0.106  0.101 

Wichita, KS  Wichita, KS  0.068  0.065  0.07  0.072  0.074  0.078  0.08  0.08 

Wilmington, 
DE 

New Castle 
County, DE  0.098  0.099  0.103  0.098  0.099  0.095  0.1  0.097 

Worcester, 
MA 

Worcester, 
MA    0.095  0.095  0.089  0.087  0.087  0.094  0.088 

York, PA 
York‐Hanover, 
PA  0.091  0.085  0.086  0.083  0.087  0.09  0.094  0.093 

Youngstown, 
OH 

Youngstown‐
Warren‐
Boardman, 
OH‐PA  0.091  0.089  0.091  0.092  0.093  0.096  0.096  0.092 

 

 



Table A-20. Salam et al. (2009) 

city_name  census_area_name 
dv1992
_1994 

dv1993
_1995 

dv1994
_1996 

dv1995
_1997 

dv1996
_1998 

dv1997
_1999 

dv1998
_2000 

dv1999
_2001 

dv2000
_2002 

dv2001
_2003 

dv2002
_2004 

dv2003
_2005 

Long 
Beach, CA 

Los Angeles County, 
CA  0.168  0.156  0.145  0.135  0.133  0.118  0.115  0.105  0.113  0.126  0.125  0.120 

Riverside, 
CA 

Riverside‐San 
Bernardino‐
Ontario, CA  0.171  0.165  0.161  0.148  0.154  0.147  0.146  0.129  0.128  0.131  0.127  0.127 

Alpine, CA 
San Diego County, 
CA  0.109  0.108  0.104  0.099  0.102  0.099  0.100  0.094  0.095  0.093  0.089  0.086 

Atascader
o, CA 

San Luis Obispo 
County, CA 

Lake 
Elsinore, 
CA 

Riverside County, 
CA  0.157  0.149  0.140  0.129  0.127  0.124  0.114  0.111  0.113  0.118  0.117  0.119 

Lake 
Gregory, 
CA 

San Bernardino 
County, CA  0.171  0.165  0.161  0.148  0.154  0.147  0.146  0.129  0.128  0.131  0.127  0.127 

Lompoc, 
CA 

Santa Barbara 
County, CA  0.092  0.090  0.094  0.089  0.087  0.082  0.081  0.080  0.082  0.084  0.082  0.078 

Mira 
Loma, CA 

Riverside County, 
CA  0.157  0.149  0.140  0.129  0.127  0.124  0.114  0.111  0.113  0.118  0.117  0.119 

San 
Dimas, CA 

Los Angeles County, 
CA  0.168  0.156  0.145  0.135  0.133  0.118  0.115  0.105  0.113  0.126  0.125  0.120 

Santa 
Maria, CA 

Santa Barbara 
County, CA  0.092  0.090  0.094  0.089  0.087  0.082  0.081  0.080  0.082  0.084  0.082  0.078 

Upland, 
CA 

San Bernardino 
County, CA  0.171  0.165  0.161  0.148  0.154  0.147  0.146  0.129  0.128  0.131  0.127  0.127 

 

 



Table A-21. Meng et al. (2010) 

city_name census_area_name dv1997_1999 dv1998_2000 dv1999_2001 dv2000_2002
Bakersfield, CA  Bakersfield, CA 0.111 0.111 0.109 0.112

Fresno, CA  Fresno, CA  0.113 0.111 0.108 0.115

Kings Co., CA  Hanford‐Corcoran, CA 0.099 0.102 0.098 0.099

Madera, CA  Madera‐Chowchilla, CA 0.084 0.090 0.088 0.091

Modesto, CA  Modesto, CA  0.095 0.096 0.091 0.095

San Joaquin, CA  Stockton, CA  0.087 0.088 0.084 0.081

Tulare, CA  Visalia‐Porterville, CA 0.102 0.102 0.104 0.105

 

 

Table A-22. Zanobetti and Schwartz (2011) 

city_name census_area_name 
dv1985
_1987

dv1986
_1988

dv1987
_1989

dv1988
_1990 

dv1989
_1991

dv1990
_1992

dv1991
_1993

dv1992
_1994

dv1993
_1995

Honolulu, HI  Honolulu, HI  0.036 0.026 0.020 0.018 
Des Moines, 
IA 

Des Moines‐West Des Moines, 
IA  0.052

Colorado 
Springs, CO  Colorado Springs, CO  0.060 0.061 0.063 0.066 0.063 0.062 0.061 0.061

Cedar 
Rapids, IA  Cedar Rapids, IA  0.064 0.072 0.076 0.070  0.063 0.064 0.064 0.062

Spokane, 
WA  Spokane, WA  0.064

Palm Beach, 
FL  Palm Beach County, FL  0.069 0.071 0.071 0.070  0.064 0.061 0.067 0.068 0.073

Eugene, OR  Eugene‐Springfield, OR 0.079 0.079 0.077

Medford, 
OR  Medford, OR  0.072 0.074 0.071 0.069 

Omaha, NE  Omaha‐Council Bluffs, NE‐IA 0.075 0.077 0.077 0.078  0.072 0.071 0.065 0.062 0.062

Ft. 
Lauderdale,  Broward County, FL  0.073 0.077 0.076 0.079  0.075 0.073 0.076 0.079 0.074



FL 

Albuquerqu
e, NM  Albuquerque, NM  0.071 0.071 0.073 0.073  0.071 0.071 0.069 0.070 0.071

Reno, NV  Reno‐Sparks, NV  0.081  0.080 0.077 0.069 0.069 0.069

Tucson, AZ  Tucson, AZ  0.068 0.066 0.068 0.074  0.069 0.072 0.077 0.078 0.081

Portland, OR 
Portland‐Vancouver‐Beaverton, 
OR‐WA  0.086 0.085 0.077 0.085  0.082 0.091 0.076 0.078 0.058

Tallahassee, 
FL  Tallahassee, FL 

Seattle, WA  Seattle‐Tacoma‐Bellevue, WA 0.077 0.071 0.076 0.079  0.078 0.086 0.077 0.074 0.071

Boulder, CO  Boulder, CO  0.082 0.084 0.082 0.078  0.076 0.073 0.073 0.071 0.072

Miami, FL 
Miami‐Fort Lauderdale‐
Pompano Beach, FL  0.082 0.084 0.083 0.079  0.075 0.073 0.076 0.080 0.080

Provo/Orem
, UT  Provo‐Orem, UT  0.080 0.079 0.076 0.069 0.068

Charleston, 
SC 

Charleston‐North Charleston‐
Summerville, SC  0.085 0.090 0.087 0.083  0.076 0.069

Pinellas, FL  Pinellas County, FL  0.085 0.085 0.084 0.085  0.079 0.075 0.072 0.072 0.072

Davenport, 
IA 

Davenport‐Moline‐Rock Island, 
IA‐IL  0.077 0.083 0.086 0.083  0.081 0.081 0.081 0.079 0.077

Columbus, 
GA  Columbus, GA‐AL  0.085 0.086 0.079 0.075  0.071 0.073 0.077 0.078

Jacksonville, 
FL  Jacksonville, FL  0.081 0.084 0.086 0.084  0.081 0.079 0.079 0.081 0.080

Orlando, FL  Orlando‐Kissimmee, FL 0.078 0.082 0.082 0.082  0.080 0.079 0.078 0.082 0.079

Las Vegas, 
NV  Las Vegas‐Paradise, NV 0.083 0.082 0.081 0.078  0.078 0.076 0.075 0.079 0.079

Denver, CO  Denver‐Aurora‐Broomfield, CO 0.081 0.088 0.087 0.086  0.080 0.074 0.071 0.074 0.081

El Paso, TX  El Paso, TX  0.096 0.092 0.088 0.083  0.080 0.079 0.078 0.081 0.084

Little Rock, 
AR 

Little Rock‐North Little Rock‐
Conway, AR  0.089 0.090 0.085 0.082  0.079 0.080 0.078 0.077 0.080

Terra Haute,  Terre Haute, IN  0.088 0.082 0.082 0.081  0.087 0.081 0.077 0.079 0.084



IN 

Salt Lake 
City, UT  Salt Lake City, UT  0.091 0.084 0.085 0.082  0.078 0.075 0.076 0.079 0.082

Tampa, FL 
Tampa‐St. Petersburg‐
Clearwater, FL  0.091 0.090 0.086 0.085  0.079 0.081 0.080 0.080 0.080

Oklahoma 
City, OK  Oklahoma City, OK  0.084 0.085 0.087 0.087  0.086 0.084 0.081 0.081 0.084

Ann Arbor, 
MI  Ann Arbor, MI  0.078 0.086 0.091 0.088  0.083 0.081 0.080 0.076 0.079

Steubenville
, OH  Weirton‐Steubenville, WV‐OH 0.069 0.086 0.090 0.088  0.085 0.083 0.085 0.080 0.087

San Jose, CA 
San Jose‐Sunnyvale‐Santa Clara, 
CA  0.092 0.092 0.097 0.088  0.082 0.083 0.080 0.080 0.083

Austin, TX  Austin‐Round Rock, TX  0.085 0.084 0.084 0.086  0.084 0.084 0.081 0.082 0.084

New 
Orleans, LA 

New Orleans‐Metairie‐Kenner, 
LA  0.088 0.094 0.090 0.085  0.077 0.080 0.081 0.086 0.084

San 
Antonio, TX  San Antonio, TX  0.083 0.084 0.085 0.085  0.082 0.079 0.079 0.082 0.087

Oakland, CA 
San Francisco‐Oakland‐Fremont, 
CA  0.089 0.087 0.089 0.087  0.084 0.082 0.081 0.082 0.087

San 
Francisco, 
CA 

San Francisco‐Oakland‐Fremont, 
CA  0.089 0.087 0.089 0.087  0.084 0.082 0.081 0.082 0.087

Holland, MI  Holland‐Grand Haven, MI 0.097 0.093

Phoenix, AZ  Phoenix‐Mesa‐Scottsdale, AZ 0.086 0.081 0.077 0.082  0.083 0.091 0.088 0.086 0.089

Pensacola, 
FL  Pensacola‐Ferry Pass‐Brent, FL 0.087 0.088 0.086 0.087  0.085 0.090 0.085 0.088 0.086

Kansas City, 
KS  Kansas City, MO‐KS  0.084 0.088 0.088 0.086  0.082 0.083 0.082 0.082 0.090

Kansas City, 
MO  Kansas City, MO‐KS  0.084 0.088 0.088 0.086  0.082 0.083 0.082 0.082 0.090

Durham, NC  Durham‐Chapel Hill, NC 0.085

Tulsa, OK  Tulsa, OK  0.088 0.092 0.089 0.090  0.087 0.087 0.082 0.083 0.088



Columbia, 
SC  Columbia, SC  0.084 0.091 0.091  0.081 0.084 0.085 0.087 0.086

Erie, PA  Erie, PA  0.088 0.080 0.096  0.088 0.086 0.085 0.085 0.086

Gary, IN  Lake County, IN  0.087 0.093 0.096 0.092  0.087 0.083 0.080 0.077 0.084

Norfolk, VA 
Virginia Beach‐Norfolk‐Newport 
News, VA‐NC  0.089 0.095 0.093 0.091  0.084 0.086 0.090 0.088 0.087

Worcester, 
MA  Worcester, MA  0.086 0.088 0.091 0.091  0.089 0.091 0.095 0.095

Scranton, 
PA  Scranton‐Wilkes Barre, PA 0.085 0.094 0.096 0.096  0.092 0.090 0.093 0.087 0.090

Toledo, OH  Toledo, OH  0.083 0.097 0.102 0.099  0.086 0.082 0.085 0.086 0.090

Greensboro, 
NC  Greensboro‐High Point, NC 0.089 0.100 0.097 0.100  0.088 0.085 0.083 0.084 0.088

Grand 
Rapids, MI  Grand Rapids‐Wyoming, MI 0.094 0.104 0.105 0.103  0.096 0.090 0.085 0.081 0.086

Dayton, OH  Dayton, OH  0.090 0.095 0.096 0.092  0.086 0.082 0.084 0.086 0.092

Winston‐
Salem, NC  Winston‐Salem, NC  0.083 0.091 0.089 0.093  0.082 0.083 0.086 0.087 0.089

Buffalo, NY  Buffalo‐Niagara Falls, NY 0.096 0.103 0.100 0.095  0.089 0.088 0.086 0.083 0.087

Canton, OH  Canton‐Massillon, OH  0.088 0.102 0.103 0.101  0.091 0.089 0.089 0.088 0.091

Harrisburg, 
PA  Harrisburg‐Carlisle, PA  0.096 0.103 0.103 0.098  0.094 0.091 0.091 0.089 0.092

Mercer, PA  Mercer County, PA  0.089 0.101 0.103 0.099  0.090 0.089 0.088 0.087 0.089

Raleigh, NC  Raleigh‐Cary, NC  0.092 0.104 0.099 0.093  0.089 0.086 0.087 0.086 0.087

Richmond, 
VA  Richmond, VA  0.097 0.104 0.103 0.097  0.087 0.087 0.091 0.092 0.093

Birmingham
, AL  Birmingham‐Hoover, AL 0.086 0.104 0.094 0.093  0.084 0.088 0.089 0.092 0.096

Port Arthur, 
TX  Jefferson County, TX  0.085 0.097 0.093 0.100  0.101 0.100 0.097 0.093 0.094

Detroit, MI  Detroit‐Warren‐Livonia, MI 0.093 0.100 0.099 0.099  0.096 0.091 0.089 0.088 0.093

Youngstown Youngstown‐Warren‐Boardman,  0.089 0.101 0.103 0.099  0.090 0.091 0.091 0.089 0.091



, OH  OH‐PA 

Memphis, 
TN  Memphis, TN‐MS‐AR  0.096 0.100 0.095 0.095  0.089 0.091 0.090 0.090 0.091

Indianapolis, 
IN  Indianapolis‐Carmel, IN 0.091 0.096 0.098 0.095  0.091 0.089 0.087 0.090 0.094

Knoxville, 
TN  Knoxville, TN  0.087 0.097 0.093 0.094  0.086 0.089 0.088 0.089 0.093

Boston, MA 
Boston‐Cambridge‐Quincy, MA‐
NH  0.093 0.099 0.105 0.101  0.098 0.092 0.096 0.093 0.096

Baton 
Rouge, LA  Baton Rouge, LA  0.097 0.098 0.098 0.101  0.099 0.096 0.090 0.087 0.091

Louisville, 
KY 

Louisville/Jefferson County, KY‐
IN  0.097 0.105 0.098 0.099  0.096 0.092 0.094 0.094 0.100

Allentown, 
PA 

Allentown‐Bethlehem‐Easton, 
PA‐NJ  0.097 0.105 0.104 0.099  0.094 0.093 0.090 0.084 0.092

Akron, OH  Akron, OH  0.095 0.109 0.112 0.109  0.099 0.093 0.094 0.088 0.090

Nashville, 
TN 

Nashville‐Murfreesboro‐
Franklin, TN  0.098 0.106 0.104 0.104  0.096 0.096 0.095 0.096 0.099

Cincinnati, 
OH 

Cincinnati‐Middletown, OH‐KY‐
IN  0.098 0.109 0.106 0.107  0.102 0.095 0.091 0.091 0.098

Milwaukee, 
WI 

Milwaukee‐Waukesha‐West 
Allis, WI  0.105 0.113 0.117 0.105  0.101 0.095 0.090 0.084 0.092

Pittsburgh, 
PA  Pittsburgh, PA  0.093 0.104 0.107 0.098  0.092 0.088 0.095 0.096 0.105

St Louis, MO  St. Louis, MO‐IL  0.102 0.114 0.111 0.102  0.098 0.098 0.091 0.091 0.098

Cleveland, 
OH  Cleveland‐Elyria‐Mentor, OH 0.092 0.104 0.105 0.104  0.093 0.090 0.092 0.093 0.098

Springfield, 
MA  Springfield, MA  0.096 0.106 0.109 0.115  0.107 0.105 0.100 0.095 0.094

Providence, 
RI 

Providence‐New Bedford‐Fall 
River, RI‐MA  0.107 0.113 0.108 0.108  0.107 0.105 0.099 0.092 0.097

Charlotte, 
NC 

Charlotte‐Gastonia‐Concord, 
NC‐SC  0.102 0.112 0.104 0.101  0.092 0.091 0.091 0.092 0.094



Jersey City, 
NJ  Hudson County, NJ  0.109 0.117 0.118 0.115  0.107 0.104 0.103 0.096 0.100

Chicago, IL 
Chicago‐Naperville‐Joliet, IL‐IN‐
WI  0.101 0.112 0.114 0.114  0.104 0.099 0.100 0.093 0.099

Wilmington, 
DE  New Castle County, DE 0.106 0.114 0.114 0.115  0.107 0.101 0.098 0.099 0.103

Dallas/Ft 
Worth, TX  Dallas‐Fort Worth‐Arlington, TX 0.108 0.101 0.100 0.105  0.105 0.099 0.095 0.096 0.106

Washington, 
DC 

Washington‐Arlington‐
Alexandria, DC‐VA‐MD‐WV 0.110 0.116 0.115 0.107  0.100 0.100 0.101 0.096 0.098

Hartford, CT 
Hartford‐West Hartford‐East 
Hartford, CT  0.099 0.103 0.113 0.116  0.113 0.107 0.106 0.101 0.103

New Haven, 
CT  New Haven‐Milford, CT 0.108 0.112 0.113 0.116  0.116 0.113 0.108 0.097 0.105

Anaheim, 
CA  Orange County, CA  0.152 0.142 0.141 0.138  0.127 0.120 0.114 0.117 0.107

Sacramento, 
CA 

Sacramento‐Arden Arcade‐
Roseville, CA  0.114 0.114 0.114 0.107  0.105 0.105 0.110 0.104 0.106

Atlanta, GA 
Atlanta‐Sandy Springs‐Marietta, 
GA  0.114 0.124 0.113 0.107  0.104 0.105 0.101 0.101 0.109

San Diego, 
CA 

San Diego‐Carlsbad‐San Marcos, 
CA  0.124 0.121 0.125 0.129  0.125 0.118 0.112 0.109 0.108

Baltimore, 
MD  Baltimore‐Towson, MD 0.119 0.132 0.125 0.115  0.104 0.106 0.107 0.103 0.107

Philadelphia
, PA 

Philadelphia‐Camden‐
Wilmington, PA‐NJ‐DE‐MD 0.123 0.132 0.123 0.120  0.113 0.107 0.106 0.099 0.104

Fresno, CA  Fresno, CA  0.118 0.121 0.115 0.110  0.108 0.108 0.111 0.107 0.108

New York 
City, NY 

New York‐Northern New Jersey‐
Long Island, NY‐NJ‐PA  0.122 0.129 0.129 0.128  0.122 0.116 0.108 0.100 0.106

Houston, TX 
Houston‐Sugar Land‐Baytown, 
TX  0.127 0.118 0.117 0.119  0.119 0.116 0.104 0.110 0.114

Bakersfield, 
CA  Bakersfield, CA  0.116 0.118 0.116 0.112  0.118 0.115 0.112 0.111 0.119



Los Angeles, 
CA 

Los Angeles‐Long Beach‐Santa 
Ana, CA  0.217 0.205 0.192 0.186  0.179 0.177 0.177 0.168 0.156

Riverside, 
CA 

Riverside‐San Bernardino‐
Ontario, CA  0.200 0.188 0.188 0.185  0.182 0.180 0.177 0.171 0.165

 

 

Table A-22. Continued 

city_name 

census_area
name 

dv1994
_1996 

dv1995
_1997

dv1996
_1998

dv1997
_1999

dv1998
_2000

dv1999
_2001 

dv2000
_2002

dv2001
_2003

dv2002
_2004

dv2003
_2005

dv2004
_2006

Honolulu, 
HI  Honolulu, HI  0.045 0.048 0.047 0.044  0.043 0.041 0.042 0.042 0.042

Des 
Moines, IA 

Des Moines‐
West Des 
Moines, IA  0.062  0.066 0.061 0.066 0.071 0.067  0.063 0.060 0.057 0.061 0.066

Colorado 
Springs, CO 

Colorado 
Springs, CO  0.056  0.062 0.065 0.068  0.070 0.073 0.073 0.074 0.073

Cedar 
Rapids, IA 

Cedar 
Rapids, IA  0.063  0.062 0.060 0.069 0.072 0.073  0.071 0.069 0.067 0.068 0.067

Spokane, 
WA 

Spokane, 
WA  0.066  0.066 0.068 0.067 0.067 0.068  0.070 0.073 0.073 0.071 0.068

Palm 
Beach, FL 

Palm Beach 
County, FL  0.069  0.067 0.071 0.076 0.078 0.075  0.068 0.067 0.066

Eugene, OR 

Eugene‐
Springfield, 
OR  0.054  0.058 0.070 0.070 0.072 0.069

Medford, 
OR 

Medford, 
OR  0.069 0.071 0.073 0.069 0.068

Omaha, NE 

Omaha‐
Council 
Bluffs, NE‐IA  0.067  0.067 0.063 0.072 0.074 0.074  0.077 0.076 0.074 0.075 0.075

Ft. 
Lauderdale, 
FL 

Broward 
County, FL  0.069  0.069 0.072 0.075 0.075 0.075  0.071 0.068 0.063 0.062 0.066



Albuquerqu
e, NM 

Albuquerqu
e, NM  0.074  0.069 0.073 0.071 0.075 0.075  0.075 0.077 0.077 0.077 0.073

Reno, NV 
Reno‐
Sparks, NV  0.072  0.071 0.072 0.072 0.072 0.073  0.073 0.074 0.074 0.071 0.071

Tucson, AZ  Tucson, AZ  0.079  0.079 0.077 0.075 0.073 0.072  0.073 0.073 0.076 0.076 0.076

Portland, 
OR 

Portland‐
Vancouver‐
Beaverton, 
OR‐WA  0.083  0.078 0.080 0.062 0.061 0.068  0.065 0.069 0.068 0.068 0.067

Tallahassee
, FL 

Tallahassee, 
FL  0.078 0.077  0.072 0.076 0.074 0.074 0.071

Seattle, WA 

Seattle‐
Tacoma‐
Bellevue, 
WA  0.076  0.078 0.081 0.074 0.075 0.069  0.068 0.072 0.074 0.071 0.074

Boulder, 
CO  Boulder, CO  0.071  0.071 0.078 0.078 0.078 0.072  0.073 0.077 0.076 0.075 0.075

Miami, FL 

Miami‐Fort 
Lauderdale‐
Pompano 
Beach, FL  0.074  0.075 0.077 0.078 0.079 0.075  0.071 0.068 0.066 0.068 0.072

Provo/Ore
m, UT 

Provo‐
Orem, UT  0.071  0.076 0.082 0.082 0.086 0.081  0.081 0.079 0.076 0.076 0.076

Charleston, 
SC 

Charleston‐
North 
Charleston‐
Summerville
, SC  0.072  0.076 0.077 0.079 0.082 0.078  0.074 0.072 0.073 0.073 0.075

Pinellas, FL 
Pinellas 
County, FL  0.072  0.073 0.079 0.084 0.086 0.083  0.077 0.075 0.072 0.074 0.073

Davenport, 
IA 

Davenport‐
Moline‐Rock 
Island, IA‐IL  0.080  0.078 0.076 0.076 0.077 0.079  0.079 0.079 0.075 0.074 0.068

Columbus,  Columbus,  0.081  0.083 0.084 0.089 0.093 0.090  0.083 0.074 0.072 0.072 0.075



GA  GA‐AL 

Jacksonville
, FL 

Jacksonville, 
FL  0.078  0.081 0.088 0.088 0.085 0.076  0.072 0.071 0.071 0.079 0.077

Orlando, FL 

Orlando‐
Kissimmee, 
FL  0.079  0.078 0.084 0.085 0.085 0.081  0.078 0.077 0.076 0.078 0.080

Las Vegas, 
NV 

Las Vegas‐
Paradise, 
NV  0.080  0.079 0.080 0.077 0.085 0.080  0.083 0.086 0.085 0.085 0.083

Denver, CO 

Denver‐
Aurora‐
Broomfield, 
CO  0.081  0.079 0.084 0.083 0.086 0.081  0.083 0.087 0.084 0.084 0.081

El Paso, TX  El Paso, TX  0.089  0.080 0.082 0.078 0.080 0.076  0.081 0.079 0.078 0.076 0.078

Little Rock, 
AR 

Little Rock‐
North Little 
Rock‐
Conway, AR  0.080  0.081 0.080 0.082 0.087 0.087  0.086 0.081 0.078 0.077 0.080

Terra 
Haute, IN 

Terre Haute, 
IN  0.092  0.088 0.088 0.083 0.080 0.079  0.079 0.087 0.083 0.076 0.073

Salt Lake 
City, UT 

Salt Lake 
City, UT  0.089  0.085 0.088 0.082 0.088 0.085  0.086 0.080 0.079 0.080 0.081

Tampa, FL 

Tampa‐St. 
Petersburg‐
Clearwater, 
FL  0.081  0.082 0.088 0.090 0.088 0.084  0.080 0.079 0.077 0.081 0.080

Oklahoma 
City, OK 

Oklahoma 
City, OK  0.085  0.083 0.085 0.086 0.084 0.080  0.082 0.080 0.079 0.079 0.081

Ann Arbor, 
MI 

Ann Arbor, 
MI  0.083  0.083 0.084 0.087  0.087 0.091 0.084 0.081 0.076

Steubenvill
e, OH 

Weirton‐
Steubenville
, WV‐OH  0.086  0.085 0.084 0.087 0.083 0.084  0.086 0.086 0.083 0.077 0.078



San Jose, 
CA 

San Jose‐
Sunnyvale‐
Santa Clara, 
CA  0.088  0.085 0.086 0.082 0.082 0.079  0.082 0.086 0.084 0.076 0.076

Austin, TX 

Austin‐
Round Rock, 
TX  0.084  0.081 0.081 0.089 0.089 0.088  0.085 0.084 0.085 0.082 0.082

New 
Orleans, LA 

New 
Orleans‐
Metairie‐
Kenner, LA  0.085  0.083 0.084 0.086 0.091 0.089  0.085 0.082 0.082 0.084 0.082

San 
Antonio, TX 

San 
Antonio, TX  0.087  0.087 0.085 0.088 0.086 0.082  0.086 0.089 0.091 0.086 0.087

Oakland, 
CA 

San 
Francisco‐
Oakland‐
Fremont, CA  0.093  0.090 0.089 0.086 0.087 0.082  0.081 0.084 0.083 0.078 0.080

San 
Francisco, 
CA 

San 
Francisco‐
Oakland‐
Fremont, CA  0.093  0.090 0.089 0.086 0.087 0.082  0.081 0.084 0.083 0.078 0.080

Holland, MI 

Holland‐
Grand 
Haven, MI  0.084  0.084 0.085 0.087 0.084 0.084  0.085 0.089 0.084 0.081 0.079

Phoenix, AZ 

Phoenix‐
Mesa‐
Scottsdale, 
AZ  0.090  0.092 0.091 0.088 0.088 0.085  0.085 0.087 0.085 0.084 0.083

Pensacola, 
FL 

Pensacola‐
Ferry Pass‐
Brent, FL  0.085  0.084 0.089 0.092 0.094 0.088  0.084 0.080 0.080 0.083 0.083

Kansas City, 
KS 

Kansas City, 
MO‐KS  0.092  0.094 0.093 0.091 0.089 0.084  0.085 0.085 0.083 0.083 0.084

Kansas City,  Kansas City,  0.092  0.094 0.093 0.091 0.089 0.084  0.085 0.085 0.083 0.083 0.084



MO  MO‐KS 

Durham, 
NC 

Durham‐
Chapel Hill, 
NC  0.084  0.085 0.087 0.093 0.091 0.089  0.091 0.091 0.087 0.079 0.076

Tulsa, OK  Tulsa, OK  0.091  0.089 0.087 0.088 0.093 0.090  0.087 0.083 0.079 0.079 0.079

Columbia, 
SC 

Columbia, 
SC  0.081  0.080 0.087 0.092 0.096 0.093  0.093 0.089 0.086 0.083 0.082

Erie, PA  Erie, PA  0.087  0.086 0.089 0.093 0.090 0.087  0.088 0.092 0.087 0.083 0.079

Gary, IN 
Lake 
County, IN  0.091  0.095 0.090 0.091 0.088 0.090  0.092 0.090 0.083 0.078 0.077

Norfolk, VA 

Virginia 
Beach‐
Norfolk‐
Newport 
News, VA‐
NC  0.083  0.087 0.090 0.094 0.089 0.087  0.089 0.090 0.086 0.078 0.076

Worcester, 
MA 

Worcester, 
MA  0.089  0.087 0.087 0.094 0.088 0.085  0.085 0.086 0.081 0.079 0.078

Scranton, 
PA 

Scranton‐
Wilkes 
Barre, PA  0.086  0.090 0.089 0.092 0.087 0.086  0.085 0.086 0.081 0.077 0.075

Toledo, OH  Toledo, OH  0.091  0.089 0.089 0.086 0.084 0.085  0.089 0.093 0.089 0.086 0.079

Greensboro
, NC 

Greensboro‐
High Point, 
NC  0.086  0.085 0.089 0.092 0.094 0.090  0.093 0.091 0.084 0.078 0.075

Grand 
Rapids, MI 

Grand 
Rapids‐
Wyoming, 
MI  0.089  0.088 0.085 0.087 0.084 0.084  0.082 0.088 0.084 0.082 0.078

Dayton, OH  Dayton, OH  0.093  0.091 0.093 0.093 0.090 0.087  0.087 0.090 0.087 0.083 0.079

Winston‐
Salem, NC 

Winston‐
Salem, NC  0.088  0.089 0.092 0.098 0.098 0.096  0.095 0.093 0.087 0.082 0.080

Buffalo, NY  Buffalo‐ 0.086  0.085 0.083 0.086 0.089 0.092  0.097 0.099 0.091 0.086 0.083



Niagara 
Falls, NY 

Canton, OH 

Canton‐
Massillon, 
OH  0.089  0.088 0.089 0.091 0.091 0.088  0.089 0.090 0.086 0.082 0.079

Harrisburg, 
PA 

Harrisburg‐
Carlisle, PA  0.087  0.088 0.088 0.094 0.093 0.094  0.091 0.088 0.082 0.078 0.079

Mercer, PA 
Mercer 
County, PA  0.091  0.092 0.096 0.096 0.092 0.088  0.092 0.094 0.088 0.083 0.080

Raleigh, NC 
Raleigh‐
Cary, NC  0.087  0.089 0.096 0.103 0.101 0.095  0.094 0.092 0.088 0.083 0.078

Richmond, 
VA 

Richmond, 
VA  0.087  0.090 0.092 0.099 0.091 0.090  0.090 0.094 0.090 0.082 0.081

Birmingha
m, AL 

Birmingham
‐Hoover, AL  0.096  0.095 0.095 0.097 0.102 0.096  0.092 0.087 0.085 0.084 0.085

Port 
Arthur, TX 

Jefferson 
County, TX  0.091  0.093 0.091 0.088 0.087 0.085  0.090 0.091 0.092 0.088 0.085

Detroit, MI 

Detroit‐
Warren‐
Livonia, MI  0.094  0.092 0.093 0.095 0.089 0.088  0.088 0.097 0.092 0.090 0.082

Youngstow
n, OH 

Youngstown
‐Warren‐
Boardman, 
OH‐PA  0.092  0.093 0.096 0.096 0.092 0.088  0.092 0.095 0.091 0.086 0.083

Memphis, 
TN 

Memphis, 
TN‐MS‐AR  0.094  0.095 0.093 0.095 0.097 0.093  0.094 0.092 0.087 0.086 0.087

Indianapoli
s, IN 

Indianapolis
‐Carmel, IN  0.098  0.097 0.098 0.097 0.095 0.091  0.093 0.096 0.092 0.087 0.079

Knoxville, 
TN 

Knoxville, 
TN  0.093  0.095 0.100 0.104 0.104 0.096  0.096 0.092 0.091 0.086 0.084

Boston, MA 

Boston‐
Cambridge‐
Quincy, MA‐
NH  0.094  0.095 0.091 0.093 0.086 0.088  0.090 0.093 0.091 0.085 0.083



Baton 
Rouge, LA 

Baton 
Rouge, LA  0.094  0.096 0.095 0.094 0.098 0.091  0.086 0.086 0.089 0.096 0.091

Louisville, 
KY 

Louisville/Je
fferson 
County, KY‐
IN  0.094  0.092 0.094 0.096 0.099 0.094  0.090 0.092 0.088 0.082 0.082

Allentown, 
PA 

Allentown‐
Bethlehem‐
Easton, PA‐
NJ  0.094  0.095 0.096 0.100 0.097 0.097  0.094 0.092 0.089 0.087 0.084

Akron, OH  Akron, OH  0.089  0.091 0.092 0.094 0.093 0.092  0.095 0.096 0.089 0.088 0.081

Nashville, 
TN 

Nashville‐
Murfreesbo
ro‐Franklin, 
TN  0.099  0.099 0.101 0.102 0.100 0.093  0.088 0.086 0.083 0.082 0.083

Cincinnati, 
OH 

Cincinnati‐
Middletown
, OH‐KY‐IN  0.099  0.095 0.092 0.095 0.094 0.090  0.094 0.093 0.091 0.089 0.086

Milwaukee, 
WI 

Milwaukee‐
Waukesha‐
West Allis, 
WI  0.097  0.098 0.093 0.097 0.092 0.095  0.093 0.098 0.088 0.088 0.079

Pittsburgh, 
PA 

Pittsburgh, 
PA  0.103  0.105 0.099 0.101 0.096 0.092  0.095 0.094 0.090 0.084 0.083

St Louis, 
MO 

St. Louis, 
MO‐IL  0.104  0.100 0.095 0.095 0.094 0.090  0.090 0.092 0.089 0.086 0.086

Cleveland, 
OH 

Cleveland‐
Elyria‐
Mentor, OH  0.100  0.099 0.098 0.099 0.095 0.093  0.099 0.103 0.095 0.089 0.086

Springfield, 
MA 

Springfield, 
MA  0.092  0.097 0.096 0.099 0.089 0.089  0.092 0.094 0.090 0.084 0.086

Providence, 
RI 

Providence‐
New 
Bedford‐Fall  0.094  0.097 0.090 0.092 0.088 0.094  0.097 0.095 0.090 0.089 0.085



River, RI‐MA 

Charlotte, 
NC 

Charlotte‐
Gastonia‐
Concord, 
NC‐SC  0.094  0.097 0.103 0.104 0.104 0.101  0.102 0.098 0.092 0.087 0.088

Jersey City, 
NJ 

Hudson 
County, NJ  0.095  0.098 0.093 0.100 0.092 0.093  0.087 0.087 0.083 0.083 0.085

Chicago, IL 

Chicago‐
Naperville‐
Joliet, IL‐IN‐
WI  0.097  0.096 0.091 0.095 0.093 0.095  0.100 0.101 0.094 0.086 0.083

Wilmington
, DE 

New Castle 
County, DE  0.098  0.099 0.095 0.100 0.097 0.097  0.096 0.093 0.089 0.082 0.082

Dallas/Ft 
Worth, TX 

Dallas‐Fort 
Worth‐
Arlington, 
TX  0.104  0.104 0.098 0.101 0.102 0.101  0.099 0.100 0.098 0.095 0.096

Washingto
n, DC 

Washington
‐Arlington‐
Alexandria, 
DC‐VA‐MD‐
WV  0.094  0.100 0.101 0.106 0.101 0.097  0.097 0.099 0.096 0.091 0.091

Hartford, 
CT 

Hartford‐
West 
Hartford‐
East 
Hartford, CT  0.097  0.098 0.093 0.099 0.095 0.099  0.100 0.101 0.094 0.090 0.089

New 
Haven, CT 

New Haven‐
Milford, CT  0.101  0.107 0.100 0.103 0.096 0.097  0.099 0.103 0.096 0.090 0.088

Anaheim, 
CA 

Orange 
County, CA  0.100  0.088 0.088 0.084 0.084 0.079  0.083 0.086 0.087 0.086 0.084

Sacrament
o, CA 

Sacramento
‐Arden 
Arcade‐ 0.106  0.099 0.103 0.103 0.107 0.104  0.106 0.107 0.102 0.097 0.097



Roseville, 
CA 

Atlanta, GA 

Atlanta‐
Sandy 
Springs‐
Marietta, 
GA  0.105  0.110 0.113 0.118 0.121 0.107  0.099 0.091 0.093 0.090 0.091

San Diego, 
CA 

San Diego‐
Carlsbad‐
San Marcos, 
CA  0.104  0.099 0.102 0.099 0.100 0.094  0.095 0.093 0.089 0.086 0.088

Baltimore, 
MD 

Baltimore‐
Towson, MD  0.105  0.107 0.104 0.109 0.107 0.104  0.106 0.104 0.096 0.091 0.093

Philadelphi
a, PA 

Philadelphia
‐Camden‐
Wilmington, 
PA‐NJ‐DE‐
MD  0.101  0.110 0.107 0.110 0.106 0.106  0.107 0.101 0.095 0.091 0.090

Fresno, CA  Fresno, CA  0.107  0.111 0.115 0.113 0.111 0.108  0.115 0.111 0.104 0.099 0.098

New York 
City, NY 

New York‐
Northern 
New Jersey‐
Long Island, 
NY‐NJ‐PA  0.104  0.108 0.104 0.107 0.107 0.109  0.115 0.109 0.102 0.094 0.093

Houston, 
TX 

Houston‐
Sugar Land‐
Baytown, TX  0.116  0.117 0.116 0.118 0.112 0.110  0.107 0.102 0.101 0.103 0.103

Bakersfield, 
CA 

Bakersfield, 
CA  0.119  0.115 0.115 0.111 0.111 0.109  0.112 0.115 0.116 0.113 0.110

Los 
Angeles, CA 

Los Angeles‐
Long Beach‐
Santa Ana, 
CA  0.145  0.135 0.133 0.118 0.115 0.105  0.113 0.126 0.125 0.120 0.112

Riverside,  Riverside‐ 0.161  0.148 0.154 0.147 0.146 0.129  0.128 0.131 0.127 0.127 0.121



CA  San 
Bernardino‐
Ontario, CA 

 



Appendix B: Relationship Between Average 24-Hour and Highest 8-Hour Daily Maximum O3 Concentrations in Study 

Locations Evaluated by Bell et al. (2006) 



Number of exceedances of 75 ppb and highest 8-h concentration for different cutoff concentrations 

city 
cutoff 
conc. (ppb) 

Number of 
exceedances 
of 75 ppb 
1987 

Highest 8‐
hour conc. 
(ppb) 1987  

Number of 
exceedances 
of 75 ppb 
1988 

Highest 8‐
hour conc. 
(ppb)1988 

Number of 
exceedances 
of 75 ppb 
1989 

Highest 8‐
hour conc. 
(ppb)1989 

Number of 
exceedances 
of 75 ppb 
1990 

Highest 8‐
hour conc. 
(ppb)1990 

Akron, OH 5 0 16 0 15 0 26 0 30
Akron, OH 10 0 28 0 27 0 27 0 30
Akron, OH 15 0 39 0 46 0 45 0 43
Akron, OH 20 0 54 0 48 0 53 0 54
Akron, OH 25 0 54 0 60 0 60 0 68
Akron, OH 30 0 68 0 66 0 74 0 68
Akron, OH 35 1 81 0 71 0 74 2 81
Akron, OH 40 2 92 3 82 5 85 6 81
Akron, OH 45 11 93 17 95 12 86 14 88
Akron, OH 50 18 99 29 100 19 104 18 99
Akron, OH 55 29 107 37 113 23 104 21 112
Akron, OH 60 29 107 41 113 27 117 25 112
Akron, OH 100 35 119 62 152 28 117 26 112
Albuquerque, 
NM 10 0 36     0 29     
Albuquerque, 
NM 15 0 47 0 34 0 41 0 41
Albuquerque, 
NM 20 0 51 0 59 0 62 0 50
Albuquerque, 
NM 25 0 66 0 60 0 62 0 57
Albuquerque, 
NM 30 0 67 0 65 0 67 0 63
Albuquerque, 
NM 35 2 78 0 71 1 83 3 93
Albuquerque, 
NM 40 10 97 1 78 1 83 5 93
Albuquerque, 
NM 45 14 97 2 79 5 83 7 93
Albuquerque, 
NM 50 17 97 3 93 7 83 7 93
Albuquerque, 55 17 97 3 93 7 83 7 93



NM 
Albuquerque, 
NM 60 17 97 3 93 7 83 7 93
Albuquerque, 
NM 100 17 97 3 93 7 83 7 93
Atlanta, GA 5 0 9 0 34 0 30 0 35
Atlanta, GA 10 0 23 0 34 0 31 0 35
Atlanta, GA 15 0 35 0 43 0 36 0 38
Atlanta, GA 20 0 49 0 56 0 48 0 48
Atlanta, GA 25 1 78 0 68 1 78 0 64
Atlanta, GA 30 2 78 2 79 8 105 0 75
Atlanta, GA 35 8 98 7 87 16 105 9 97
Atlanta, GA 40 24 105 24 99 28 109 31 121
Atlanta, GA 45 45 106 39 109 36 109 47 121
Atlanta, GA 50 63 126 53 129 40 109 65 147
Atlanta, GA 55 68 126 68 133 41 109 74 147
Atlanta, GA 60 74 133 71 145 41 109 75 147
Atlanta, GA 100 75 140 78 153 41 109 76 147
Austin, TX 5 0 14 0 10 0 14 0 16
Austin, TX 10 0 28 0 20 0 20 0 31
Austin, TX 15 0 41 0 45 0 38 0 45
Austin, TX 20 0 51 0 47 0 41 0 48
Austin, TX 25 0 56 0 65 0 63 0 58
Austin, TX 30 0 63 0 65 0 63 0 71
Austin, TX 35 1 81 0 73 0 73 0 75
Austin, TX 40 2 81 1 81 4 82 1 102
Austin, TX 45 6 83 6 81 6 85 3 102
Austin, TX 50 10 83 11 87 7 85 8 102
Austin, TX 55 15 97 15 98 10 85 9 102
Austin, TX 60 17 97 21 101 10 85 9 102
Austin, TX 100 18 97 23 101 13 106 10 105
Bakersfield, 
CA 5                 
Bakersfield, 
CA 10 0 25 0 28 0 25 0 24
Bakersfield, 15 0 35 0 31 0 41 0 38



CA 
Bakersfield, 
CA 20 0 44 0 46 0 47 0 46
Bakersfield, 
CA 25 0 48 0 53 0 54 0 58
Bakersfield, 
CA 30 0 66 0 66 0 70 0 63
Bakersfield, 
CA 35 1 77 1 76 2 81 1 80
Bakersfield, 
CA 40 6 78 9 88 6 93 13 85
Bakersfield, 
CA 45 25 96 14 105 17 101 45 93
Bakersfield, 
CA 50 52 106 35 110 49 106 78 106
Bakersfield, 
CA 55 85 115 60 111 90 120 113 112
Bakersfield, 
CA 60 104 116 100 120 119 120 132 123
Bakersfield, 
CA 100 133 128 151 127 140 136 142 123
Baltimore, 
MD 5 0 26 0 28 0 31 0 20
Baltimore, 
MD 10 0 38 0 52 0 37 0 36
Baltimore, 
MD 15 0 46 0 52 0 51 0 55
Baltimore, 
MD 20 0 63 0 67 0 67 0 55
Baltimore, 
MD 25 0 64 0 68 0 70 0 67
Baltimore, 
MD 30 1 76 0 73 1 79 1 78
Baltimore, 
MD 35 3 80 2 107 6 85 6 94
Baltimore, 
MD 40 18 100 6 107 14 98 16 94
Baltimore, 
MD 45 34 116 14 114 30 100 34 106



Baltimore, 
MD 50 50 116 22 119 38 100 44 106
Baltimore, 
MD 55 62 151 35 127 38 100 48 111
Baltimore, 
MD 60 69 151 46 132 43 142 52 111
Baltimore, 
MD 100 78 151 66 163 43 142 54 130
Baton Rouge, 
LA 5 0 22     0 11     
Baton Rouge, 
LA 10 0 32 0 31 0 30 0 26
Baton Rouge, 
LA 15 0 50 0 48 0 48 0 49
Baton Rouge, 
LA 20 0 68 0 62 0 57 0 65
Baton Rouge, 
LA 25 0 68 2 91 1 78 0 74
Baton Rouge, 
LA 30 5 100 5 101 7 86 2 90
Baton Rouge, 
LA 35 17 100 9 105 14 109 12 100
Baton Rouge, 
LA 40 28 100 15 124 26 109 24 100
Baton Rouge, 
LA 45 38 108 25 124 29 109 38 100
Baton Rouge, 
LA 50 46 110 34 124 30 124 47 137
Baton Rouge, 
LA 55 47 131 40 124 31 124 48 137
Baton Rouge, 
LA 60 48 131 41 124 32 124 52 137
Baton Rouge, 
LA 100 48 131 41 124 32 124 52 137
Biddeford, 
ME 5 0   0   0 27 0 37
Biddeford, 
ME 10 0   0   0 27 0 37
Biddeford, 15 0 31 0 35 0 37 0 37



ME 
Biddeford, 
ME 20 0 41 0 35 0 37 0 37
Biddeford, 
ME 25 0 48 0 46 0 41 0 43
Biddeford, 
ME 30 0 69 0 52 0 56 0 58
Biddeford, 
ME 35 0 69 0 72 0 70 0 64
Biddeford, 
ME 40 0 69 0 73 0 71 0 75
Biddeford, 
ME 45 4 87 0 73 1 76 2 79
Biddeford, 
ME 50 7 87 6 110 3 86 5 100
Biddeford, 
ME 55 9 87 10 112 5 88 7 106
Biddeford, 
ME 60 10 99 19 131 7 99 11 106
Biddeford, 
ME 100 15 124 36 142 15 125 17 135
Birmingham, 
AL 5 0 38 0 12 0 23 0 17
Birmingham, 
AL 10 0 38 0 30 0 29 0 27
Birmingham, 
AL 15 0 56 0 44 0 47 0 69
Birmingham, 
AL 20 0 66 0 64 0 65 0 69
Birmingham, 
AL 25 3 80 0 72 0 71 0 72
Birmingham, 
AL 30 12 90 10 95 3 82 1 78
Birmingham, 
AL 35 35 110 19 95 8 96 11 94
Birmingham, 
AL 40 45 110 39 127 14 96 28 108
Birmingham, 
AL 45 48 118 51 127 15 96 42 108



Birmingham, 
AL 50 48 118 57 127 15 96 48 108
Birmingham, 
AL 55 48 118 57 127 15 96 50 108
Birmingham, 
AL 60 48 118 57 127 15 96 50 108
Birmingham, 
AL 100 48 118 57 127 15 96 50 108
Boston, MA 5 0 17 0 21 0 18 0 22
Boston, MA 10 0 40 0 28 0 29 0 32
Boston, MA 15 0 42 0 39 0 52 0 39
Boston, MA 20 0 52 0 47 1 78 0 59
Boston, MA 25 0 71 0 58 1 78 0 61
Boston, MA 30 0 71 0 66 2 85 0 71
Boston, MA 35 4 83 0 72 4 85 0 74
Boston, MA 40 8 95 1 79 8 90 3 86
Boston, MA 45 14 104 9 106 14 108 5 86
Boston, MA 50 18 104 16 114 17 108 8 113
Boston, MA 55 26 137 19 114 21 128 10 113
Boston, MA 60 27 137 28 138 24 128 11 113
Boston, MA 100 27 137 42 151 24 128 13 113
Buffalo, NY 5     0 15 0 9 0 13
Buffalo, NY 10 0 24 0 24 0 35 0 30
Buffalo, NY 15 0 34 0 32 0 35 0 35
Buffalo, NY 20 0 50 0 42 0 44 0 47
Buffalo, NY 25 0 58 0 52 0 56 0 56
Buffalo, NY 30 0 59 0 65 0 69 0 61
Buffalo, NY 35 0 64 1 79 0 69 1 87
Buffalo, NY 40 1 83 1 79 0 75 3 87
Buffalo, NY 45 3 88 2 82 11 85 3 87
Buffalo, NY 50 7 90 7 101 15 85 4 89
Buffalo, NY 55 11 90 11 101 16 85 8 89
Buffalo, NY 60 17 99 17 119 17 112 9 89
Buffalo, NY 100 33 122 41 133 19 112 13 105
Cedar 
Rapids, IA 5 0 16 0 17 0 27 0 22



Cedar 
Rapids, IA 10 0 28 0 27 0 27 0 26
Cedar 
Rapids, IA 15 0 34 0 38 0 34 0 36
Cedar 
Rapids, IA 20 0 44 0 49 0 56 0 47
Cedar 
Rapids, IA 25 0 53 0 59 0 56 0 47
Cedar 
Rapids, IA 30 0 58 0 70 0 56 0 49
Cedar 
Rapids, IA 35 0 69 2 80 0 60 0 56
Cedar 
Rapids, IA 40 0 70 5 90 0 68 0 66
Cedar 
Rapids, IA 45 0 72 8 90 0 73 0 66
Cedar 
Rapids, IA 50 0 72 12 90 1 78 0 66
Cedar 
Rapids, IA 55 2 88 13 90 3 88 0 66
Cedar 
Rapids, IA 60 2 88 14 90 3 88 0 66
Cedar 
Rapids, IA 100 2 88 14 90 3 88 0 66
Charlotte, NC 5 0 16 0 10 0 8 0 15
Charlotte, NC 10 0 28 0 21 0 30 0 29
Charlotte, NC 15 0 47 0 38 0 38 0 34
Charlotte, NC 20 0 57 0 53 0 48 0 59
Charlotte, NC 25 0 65 0 59 0 68 0 61
Charlotte, NC 30 0 73 1 86 4 83 0 71
Charlotte, NC 35 6 82 4 86 6 86 3 85
Charlotte, NC 40 12 91 12 96 14 90 12 102
Charlotte, NC 45 28 96 28 96 26 102 32 102
Charlotte, NC 50 40 101 41 113 35 102 47 102
Charlotte, NC 55 49 108 50 117 37 102 58 114
Charlotte, NC 60 59 128 58 117 37 102 60 114
Charlotte, NC 100 62 128 69 151 37 102 61 114
Chicago, IL 5 0 30 0 23 0 26 0 23



Chicago, IL 10 0 43 0 37 0 29 0 75
Chicago, IL 15 0 56 0 44 0 62 8 104
Chicago, IL 20 0 59 0 64 0 64 15 104
Chicago, IL 25 1 83 2 96 1 77 19 104
Chicago, IL 30 1 83 4 103 5 87 30 122
Chicago, IL 35 9 105 14 103 15 96 44 122
Chicago, IL 40 18 105 33 165 29 112 52 122
Chicago, IL 45 25 105 43 165 39 112 58 122
Chicago, IL 50 36 148 55 165 43 131 60 122
Chicago, IL 55 40 148 66 165 47 131 65 122
Chicago, IL 60 42 148 72 165 47 131 65 122
Chicago, IL 100 43 163 78 186 47 131 65 122
Cincinnati, 
OH 5 0 21 0 5 0 30 0 15
Cincinnati, 
OH 10 0 24 0 33 0 30 0 28
Cincinnati, 
OH 15 0 47 0 52 0 53 0 43
Cincinnati, 
OH 20 0 57 0 60 0 63 0 54
Cincinnati, 
OH 25 0 73 0 70 0 74 0 74
Cincinnati, 
OH 30 7 89 2 86 1 77 2 81
Cincinnati, 
OH 35 19 116 12 93 10 90 15 119
Cincinnati, 
OH 40 42 116 21 93 22 102 33 119
Cincinnati, 
OH 45 57 134 43 121 30 110 37 119
Cincinnati, 
OH 50 61 134 57 130 39 113 41 119
Cincinnati, 
OH 55 63 139 68 160 39 113 42 119
Cincinnati, 
OH 60 65 139 71 160 40 113 43 119
Cincinnati, 
OH 100 65 139 76 160 40 113 43 119



Cleveland, 
OH 5 0 11 0 14 0 28 0 36
Cleveland, 
OH 10 0 28 0 27 0 28 0 46
Cleveland, 
OH 15 0 40 0 46 0 33 0 46
Cleveland, 
OH 20 0 52 0 63 0 54 0 46
Cleveland, 
OH 25 0 60 0 63 0 62 0 63
Cleveland, 
OH 30 0 74 0 68 0 70 0 74
Cleveland, 
OH 35 3 87 1 76 3 88 1 76
Cleveland, 
OH 40 6 87 6 86 8 88 4 84
Cleveland, 
OH 45 13 90 12 107 22 101 10 95
Cleveland, 
OH 50 20 114 23 107 28 101 12 99
Cleveland, 
OH 55 29 114 34 107 31 110 16 123
Cleveland, 
OH 60 31 114 39 108 33 110 18 123
Cleveland, 
OH 100 34 138 61 142 33 110 19 123

Colorado 
Springs, CO 5 0 11 0 26     0 15

Colorado 
Springs, CO 10 0 29 0 38 0 33 0 29

Colorado 
Springs, CO 15 0 40 0 40 0 39 0 35

Colorado 
Springs, CO 20 0 57 0 53 0 44 0 50

Colorado 
Springs, CO 25 0 70 0 53 0 53 0 59

Colorado 
Springs, CO 30 0 70 0 64 0 57 0 59



Colorado 
Springs, CO 35 0 70 0 64 0 63 0 64

Colorado 
Springs, CO 40 0 70 0 71 0 64 0 67

Colorado 
Springs, CO 45 0 70 1 76 0 71 0 73

Colorado 
Springs, CO 50 0 70 1 76 0 72 0 73

Colorado 
Springs, CO 55 0 70 1 76 1 76 0 73

Colorado 
Springs, CO 60 0 70 1 76 1 76 0 73

Colorado 
Springs, CO 100 0 70 1 76 1 76 0 73
Columbus, 
GA 5 0 31 0   0 24 0 9
Columbus, 
GA 10 0 31 0 26 0 33 0 31
Columbus, 
GA 15 0 35 0 44 0 39 0 43
Columbus, 
GA 20 0 44 0 49 0 59 0 59
Columbus, 
GA 25 0 68 0 58 0 60 0 59
Columbus, 
GA 30 1 82 1 79 0 71 0 72
Columbus, 
GA 35 1 82 2 79 1 80 1 78
Columbus, 
GA 40 7 92 4 82 1 80 2 78
Columbus, 
GA 45 15 92 9 82 2 83 2 78
Columbus, 
GA 50 21 95 10 87 2 83 3 94
Columbus, 
GA 55 22 95 11 93 2 83 3 94
Columbus, 
GA 60 23 95 11 93 2 83 3 94



Columbus, 
GA 100 23 95 11 93 2 83 3 94
Columbus, 
OH 5 0 22 0 10 0 35 0 16
Columbus, 
OH 10 0 31 0 28 0 35 0 26
Columbus, 
OH 15 0 47 0 34 0 45 0 58
Columbus, 
OH 20 0 54 0 52 0 45 0 58
Columbus, 
OH 25 0 66 0 58 0 58 0 67
Columbus, 
OH 30 0 72 0 61 0 68 0 74
Columbus, 
OH 35 1 76 3 84 2 78 2 82
Columbus, 
OH 40 3 81 5 84 8 82 3 85
Columbus, 
OH 45 10 94 12 89 13 95 8 92
Columbus, 
OH 50 17 104 19 95 17 98 16 102
Columbus, 
OH 55 18 104 25 124 20 98 20 102
Columbus, 
OH 60 20 124 31 124 20 98 20 102
Columbus, 
OH 100 20 124 37 134 20 98 21 102
Corpus 
Christi, TX 5     0 13 0 13 0 10
Corpus 
Christi, TX 10 0 25 0 26 0 25 0 30
Corpus 
Christi, TX 15 0 38 0 45 0 42 0 33
Corpus 
Christi, TX 20 0 47 0 53 0 50 0 45
Corpus 
Christi, TX 25 0 73 0 62 0 51 0 55
Corpus 30 0 73 0 71 0 56 0 58



Christi, TX 
Corpus 
Christi, TX 35 0 73 0 71 0 66 0 75
Corpus 
Christi, TX 40 1 76 0 71 0 72 0 75
Corpus 
Christi, TX 45 5 86 3 82 1 88 5 86
Corpus 
Christi, TX 50 11 87 7 91 5 88 7 86
Corpus 
Christi, TX 55 15 93 10 91 8 88 9 86
Corpus 
Christi, TX 60 18 101 13 98 12 88 10 87
Corpus 
Christi, TX 100 18 101 13 98 14 88 10 87
Dallas/Ft 
Worth, TX 5 0 10 0 20 0 20 0 28
Dallas/Ft 
Worth, TX 10 0 28 0 28 0 33 0 31
Dallas/Ft 
Worth, TX 15 0 45 0 38 0 37 0 45
Dallas/Ft 
Worth, TX 20 0 52 0 46 0 51 0 55
Dallas/Ft 
Worth, TX 25 0 58 0 66 0 60 1 78
Dallas/Ft 
Worth, TX 30 1 90 2 76 0 71 2 78
Dallas/Ft 
Worth, TX 35 5 90 7 87 8 86 4 85
Dallas/Ft 
Worth, TX 40 16 90 15 100 19 101 14 100
Dallas/Ft 
Worth, TX 45 36 128 38 111 31 102 24 100
Dallas/Ft 
Worth, TX 50 53 128 58 121 42 111 40 111
Dallas/Ft 
Worth, TX 55 61 142 79 121 48 111 47 121
Dallas/Ft 
Worth, TX 60 65 142 84 121 49 111 50 121



Dallas/Ft 
Worth, TX 100 65 142 86 121 51 111 50 121
Dayton, OH 5 0 20 0 4 0 29 0 12
Dayton, OH 10 0 20 0 25 0 29 0 25
Dayton, OH 15 0 42 0 37 0 60 0 39
Dayton, OH 20 0 62 0 64 1 80 0 65
Dayton, OH 25 0 68 0 72 1 80 0 74
Dayton, OH 30 1 97 0 72 3 82 2 96
Dayton, OH 35 4 98 2 83 5 82 4 96
Dayton, OH 40 11 98 9 92 9 83 9 108
Dayton, OH 45 16 98 19 104 14 100 13 108
Dayton, OH 50 23 98 26 114 19 100 15 108
Dayton, OH 55 26 98 32 114 21 100 16 108
Dayton, OH 60 26 98 37 114 21 100 16 108
Dayton, OH 100 28 98 47 114 21 100 16 108
Denver, CO 5 0 10 0 35 0 21 0 21
Denver, CO 10 0 45 0 41 0 41 0 41
Denver, CO 15 0 59 0 48 0 52 0 48
Denver, CO 20 1 83 0 54 0 60 0 68
Denver, CO 25 2 95 0 66 0 73 0 68
Denver, CO 30 2 95 0 75 0 73 0 75
Denver, CO 35 7 103 10 83 1 79 4 86
Denver, CO 40 15 109 25 101 6 88 8 86
Denver, CO 45 25 109 40 105 15 92 12 86
Denver, CO 50 33 109 42 105 17 92 12 86
Denver, CO 55 33 109 43 105 18 92 13 96
Denver, CO 60 33 109 43 105 18 92 13 96
Denver, CO 100 33 109 43 105 18 92 13 96
Des Moines, 
IA 5 0 18 0 24 0 31 0 19
Des Moines, 
IA 10 0 30 0 37 0 33 0 29
Des Moines, 
IA 15 0 46 0 51 0 51 0 46
Des Moines, 
IA 20 0 46 0 53 0 55 0 46



Des Moines, 
IA 25 0 47 0 53 0 71 0 52
Des Moines, 
IA 30 0 47 0 53 1 79 0 53
Des Moines, 
IA 35 0 47 0 53 1 79 0 58
Des Moines, 
IA 40 0 47 0 53 1 79 0 58
Des Moines, 
IA 45 0 47 0 53 1 79 0 58
Des Moines, 
IA 50 0 47 0 53 1 79 0 58
Des Moines, 
IA 55 0 47 0 53 1 79 0 58
Des Moines, 
IA 60 0 47 0 53 1 79 0 58
Des Moines, 
IA 100 0 47 0 53 1 79 0 58
Detroit, MI 5 0 21 0 22 0 31 0 16
Detroit, MI 10 0 40 0 32 0 33 0 30
Detroit, MI 15 0 53 0 39 0 55 0 42
Detroit, MI 20 0 59 0 56 1 82 0 52
Detroit, MI 25 0 66 0 68 1 82 0 74
Detroit, MI 30 0 74 0 70 4 82 1 80
Detroit, MI 35 5 87 4 81 8 92 2 80
Detroit, MI 40 16 97 10 98 15 100 6 86
Detroit, MI 45 23 101 20 104 24 108 12 108
Detroit, MI 50 25 101 26 116 33 119 14 108
Detroit, MI 55 27 114 36 118 34 119 18 108
Detroit, MI 60 27 114 39 119 34 119 18 108
Detroit, MI 100 27 114 46 145 34 119 19 108
El Paso, TX 5         0 13 0 12
El Paso, TX 10 0 42 0 35 0 26 0 27
El Paso, TX 15 0 50 0 56 0 46 0 53
El Paso, TX 20 0 55 0 60 0 71 0 61
El Paso, TX 25 1 86 1 82 0 71 0 75
El Paso, TX 30 3 86 2 100 5 95 1 76



El Paso, TX 35 10 95 5 100 9 95 4 87
El Paso, TX 40 12 95 6 100 11 95 6 87
El Paso, TX 45 17 98 9 100 19 111 11 98
El Paso, TX 50 20 98 13 100 21 111 12 103
El Paso, TX 55 22 98 16 100 21 111 13 103
El Paso, TX 60 24 103 17 100 21 111 14 103
El Paso, TX 100 26 127 17 100 21 111 14 103
Evansville, IN 5 0 37 0 33 0 14 0 20
Evansville, IN 10 0 37 0 33 0 15 0 20
Evansville, IN 15 0 37 0 35 0 51 0 47
Evansville, IN 20 0 50 0 53 0 60 0 51
Evansville, IN 25 0 52 0 55 0 64 0 63
Evansville, IN 30 0 65 0 63 0 72 1 78
Evansville, IN 35 0 72 0 74 4 83 4 85
Evansville, IN 40 7 94 4 85 11 86 10 91
Evansville, IN 45 20 98 19 102 20 96 16 99
Evansville, IN 50 37 98 32 102 30 96 23 106
Evansville, IN 55 45 105 43 110 34 96 33 106
Evansville, IN 60 51 105 53 114 35 125 34 106
Evansville, IN 100 54 105 67 125 36 125 34 106
Fresno, CA 5                 
Fresno, CA 10 0 28 0 28 0 30 0 35
Fresno, CA 15 0 41 0 42 0 44 0 70
Fresno, CA 20 0 55 0 56 0 58 1 77
Fresno, CA 25 0 66 0 67 0 70 2 77
Fresno, CA 30 0 71 0 73 1 83 3 77
Fresno, CA 35 4 81 6 81 11 90 11 86
Fresno, CA 40 14 90 30 98 39 102 26 95
Fresno, CA 45 49 105 63 108 85 110 53 103
Fresno, CA 50 89 112 96 113 122 121 76 105
Fresno, CA 55 115 113 115 113 131 121 86 105
Fresno, CA 60 132 120 132 122 131 121 93 117
Fresno, CA 100 154 150 147 125 132 121 95 117
Ft. Wayne, IN 5 0   0 37 0 28 0 9
Ft. Wayne, IN 10 0 12 0 37 0 28 0 23



Ft. Wayne, IN 15 0 35 0 38 0 36 0 37
Ft. Wayne, IN 20 0 52 0 50 0 49 0 55
Ft. Wayne, IN 25 0 60 0 58 0 67 0 58
Ft. Wayne, IN 30 0 66 0 59 0 67 0 71
Ft. Wayne, IN 35 0 75 0 68 0 67 0 71
Ft. Wayne, IN 40 3 78 0 73 2 88 2 84
Ft. Wayne, IN 45 8 91 2 78 9 88 6 84
Ft. Wayne, IN 50 17 95 11 87 13 93 9 84
Ft. Wayne, IN 55 21 98 18 107 16 107 10 84
Ft. Wayne, IN 60 24 98 25 122 18 107 10 84
Ft. Wayne, IN 100 25 98 40 122 18 107 12 102
Grand 
Rapids, MI 5 0 20 0 25 0 35 0 7
Grand 
Rapids, MI 10 0 22 0 25 0 35 0 19
Grand 
Rapids, MI 15 0 34 0 35 0 35 0 39
Grand 
Rapids, MI 20 0 48 0 46 0 52 0 41
Grand 
Rapids, MI 25 0 52 0 54 0 64 0 56
Grand 
Rapids, MI 30 0 60 0 57 0 69 0 71
Grand 
Rapids, MI 35 0 75 0 64 0 72 2 77
Grand 
Rapids, MI 40 4 88 0 72 5 87 2 77
Grand 
Rapids, MI 45 6 88 1 81 13 87 3 85
Grand 
Rapids, MI 50 11 93 9 98 20 95 6 85
Grand 
Rapids, MI 55 20 95 15 98 24 95 9 85
Grand 
Rapids, MI 60 24 101 23 100 29 103 15 94
Grand 
Rapids, MI 100 32 122 47 134 31 126 19 109
Greensboro, 5 0 32 0 26 0 38 0 2



NC 
Greensboro, 
NC 10 0 32 0 26 0 38 0 2
Greensboro, 
NC 15 0 35 0 26 0 38 0 35
Greensboro, 
NC 20 0 41 0 42 0 41 0 42
Greensboro, 
NC 25 0 55 0 43 0 51 0 53
Greensboro, 
NC 30 0 64 0 53 0 63 0 68
Greensboro, 
NC 35 0 75 0 68 0 70 1 79
Greensboro, 
NC 40 2 84 1 76 0 75 4 89
Greensboro, 
NC 45 8 84 3 86 1 77 10 89
Greensboro, 
NC 50 12 84 17 93 5 86 15 90
Greensboro, 
NC 55 15 89 29 98 5 86 19 101
Greensboro, 
NC 60 17 89 41 100 7 86 23 101
Greensboro, 
NC 100 21 96 58 130 9 86 27 106
Honolulu, HI 5 0 15 0 9 0 13 0 11
Honolulu, HI 10 0 23 0 20 0 16 0 22
Honolulu, HI 15 0 36 0 20 0 29 0 30
Honolulu, HI 20 0 36 0 20 0 29 0 39
Honolulu, HI 25 0 38 0 20 0 29 0 39
Honolulu, HI 30 0 38 0 20 0 29 0 41
Honolulu, HI 35 0 40 0 20 0 29 0 41
Honolulu, HI 40 0 40 0 20 0 29 0 41
Honolulu, HI 45 0 40 0 20 0 29 0 41
Honolulu, HI 50 0 40 0 20 0 29 0 41
Honolulu, HI 55 0 40 0 20 0 29 0 41
Honolulu, HI 60 0 40 0 20 0 29 0 41
Honolulu, HI 100 0 40 0 20 0 29 0 41



Houston, TX 5 0 20 0 22 0 18 0 18
Houston, TX 10 0 35 0 32 0 48 0 38
Houston, TX 15 0 52 0 70 0 70 0 65
Houston, TX 20 0 72 3 85 0 75 3 83
Houston, TX 25 8 128 12 98 4 92 12 101
Houston, TX 30 27 128 26 115 13 101 24 147
Houston, TX 35 49 128 43 120 24 111 37 147
Houston, TX 40 56 128 67 136 39 121 51 147
Houston, TX 45 73 137 86 136 47 138 61 147
Houston, TX 50 85 137 98 136 51 148 68 152
Houston, TX 55 87 137 102 136 54 155 70 152
Houston, TX 60 91 143 104 178 57 155 73 163
Houston, TX 100 91 143 105 178 57 155 74 170
Huntsville, AL 5 0 35 0 18 0 22 0 14
Huntsville, AL 10 0 35 0 24 0 22 0 26
Huntsville, AL 15 0 35 0 39 0 38 0 36
Huntsville, AL 20 0 62 0 50 0 53 0 42
Huntsville, AL 25 0 62 0 61 0 63 0 47
Huntsville, AL 30 0 75 0 61 0 71 0 64
Huntsville, AL 35 1 77 0 73 0 71 0 68
Huntsville, AL 40 4 82 0 74 0 73 0 74
Huntsville, AL 45 7 91 9 91 0 74 3 80
Huntsville, AL 50 12 91 22 93 0 74 4 81
Huntsville, AL 55 15 94 29 100 0 74 5 81
Huntsville, AL 60 17 94 33 108 0 74 6 81
Huntsville, AL 100 17 94 40 110 0 74 6 81
Indianapolis, 
IN 5 0 27 0 16 0 24 0 18
Indianapolis, 
IN 10 0 27 0 21 0 24 0 30
Indianapolis, 
IN 15 0 37 0 41 0 38 0 34
Indianapolis, 
IN 20 0 47 0 47 0 54 0 52
Indianapolis, 
IN 25 0 59 0 54 0 67 0 61



Indianapolis, 
IN 30 0 74 0 64 0 69 0 66
Indianapolis, 
IN 35 3 80 0 74 3 82 1 77
Indianapolis, 
IN 40 10 83 4 94 11 90 5 86
Indianapolis, 
IN 45 25 106 13 98 20 100 12 89
Indianapolis, 
IN 50 42 107 19 107 28 103 21 112
Indianapolis, 
IN 55 45 107 27 107 31 103 26 112
Indianapolis, 
IN 60 47 107 39 127 35 104 27 112
Indianapolis, 
IN 100 50 107 53 127 35 104 29 112
Jackson, MS 5 0 34 0 24 0 22 0 15
Jackson, MS 10 0 34 0 24 0 24 0 19
Jackson, MS 15 0 34 0 31 0 29 0 29
Jackson, MS 20 0 52 0 44 0 47 0 39
Jackson, MS 25 0 68 0 51 0 50 0 49
Jackson, MS 30 0 71 0 63 0 68 0 62
Jackson, MS 35 1 77 0 64 0 68 0 74
Jackson, MS 40 3 77 0 70 0 73 2 78
Jackson, MS 45 4 87 4 80 2 89 5 78
Jackson, MS 50 4 87 9 90 2 89 11 85
Jackson, MS 55 5 87 14 90 2 89 15 86
Jackson, MS 60 5 87 15 90 2 89 16 86
Jackson, MS 100 6 87 16 90 2 89 16 86
Jacksonville, 
FL 5     0 16 0 12 0 8
Jacksonville, 
FL 10 0 33 0 26 0 33 0 22
Jacksonville, 
FL 15 0 35 0 35 0 43 0 44
Jacksonville, 
FL 20 0 45 0 57 0 47 0 44
Jacksonville, 25 0 56 0 57 0 55 0 55



FL 
Jacksonville, 
FL 30 0 72 0 64 0 69 0 66
Jacksonville, 
FL 35 2 78 0 75 0 69 0 69
Jacksonville, 
FL 40 4 84 3 83 1 86 3 84
Jacksonville, 
FL 45 13 93 6 92 1 86 4 84
Jacksonville, 
FL 50 15 93 11 92 5 89 8 95
Jacksonville, 
FL 55 17 123 14 92 9 89 11 95
Jacksonville, 
FL 60 18 123 17 92 9 89 11 95
Jacksonville, 
FL 100 19 123 19 92 9 89 11 95
Johnstown, 
PA 5 0 17 0 29 0 14 0 23
Johnstown, 
PA 10 0 27 0 29 0 35 0 27
Johnstown, 
PA 15 0 44 0 42 0 38 0 44
Johnstown, 
PA 20 0 52 0 50 0 54 0 54
Johnstown, 
PA 25 0 60 0 55 0 63 0 61
Johnstown, 
PA 30 0 68 0 65 0 64 0 68
Johnstown, 
PA 35 0 73 0 72 0 69 0 74
Johnstown, 
PA 40 0 74 3 82 1 91 2 80
Johnstown, 
PA 45 7 83 8 90 3 91 2 80
Johnstown, 
PA 50 14 94 15 94 5 91 4 93
Johnstown, 
PA 55 15 94 23 106 5 91 4 93



Johnstown, 
PA 60 18 109 26 106 5 91 5 93
Johnstown, 
PA 100 19 109 33 125 5 91 5 93
Kansas City, 
MO 5 0 22 0 16 0 12     
Kansas City, 
MO 10 0 24 0 29 0 27 0 31
Kansas City, 
MO 15 0 35 0 37 0 37 0 37
Kansas City, 
MO 20 0 48 0 42 0 50 0 46
Kansas City, 
MO 25 0 60 0 55 0 68 0 54
Kansas City, 
MO 30 0 69 1 94 0 72 0 62
Kansas City, 
MO 35 1 77 3 94 2 81 0 75
Kansas City, 
MO 40 2 78 4 94 4 90 3 81
Kansas City, 
MO 45 16 91 10 94 8 90 3 81
Kansas City, 
MO 50 23 95 20 94 13 106 6 82
Kansas City, 
MO 55 24 95 25 94 14 106 7 94
Kansas City, 
MO 60 26 95 33 100 14 106 9 101
Kansas City, 
MO 100 27 95 46 138 14 106 9 101
Kingston, NY 5 0   0   0   0   
Kingston, NY 10 0   0   0   0   
Kingston, NY 15 0   0   0   0   
Kingston, NY 20 0   0   0   0   
Kingston, NY 25 0   0   0   0   
Kingston, NY 30 0   0   0   0   
Kingston, NY 35 0   0   0   0   
Kingston, NY 40 0   0   0   0   



Kingston, NY 45 0   0   0   0   
Kingston, NY 50 0   0   0   0   
Kingston, NY 55 0   0   0   0   
Kingston, NY 60 0   0   0   0   
Kingston, NY 100 0   0   0   0   
Knoxville, TN 5 0 21 0 8 0 5 0   
Knoxville, TN 10 0 21 0 13 0 16 0 21
Knoxville, TN 15 0 31 0 41 0 35 0 33
Knoxville, TN 20 0 46 0 53 0 56 0 36
Knoxville, TN 25 0 64 0 53 0 65 0 60
Knoxville, TN 30 1 81 0 71 0 74 0 63
Knoxville, TN 35 3 93 0 74 2 86 0 68
Knoxville, TN 40 5 93 7 87 3 86 2 90
Knoxville, TN 45 17 93 16 90 9 86 7 90
Knoxville, TN 50 28 96 24 111 12 86 17 90
Knoxville, TN 55 35 96 31 111 13 88 37 101
Knoxville, TN 60 38 101 39 113 13 88 42 105
Knoxville, TN 100 42 101 43 130 13 88 44 114
Lafayette, LA 5 0 11 0 20 0 8 0 13
Lafayette, LA 10 0 27 0 26 0 21 0 27
Lafayette, LA 15 0 42 0 44 0 34 0 41
Lafayette, LA 20 0 47 0 56 0 44 0 49
Lafayette, LA 25 0 52 0 57 0 60 0 64
Lafayette, LA 30 0 71 0 66 0 73 0 67
Lafayette, LA 35 1 80 1 78 1 79 0 71
Lafayette, LA 40 2 82 1 78 5 80 1 77
Lafayette, LA 45 8 82 3 83 7 82 3 81
Lafayette, LA 50 11 83 8 87 8 82 8 96
Lafayette, LA 55 13 89 13 87 9 82 10 96
Lafayette, LA 60 17 93 18 92 9 82 10 96
Lafayette, LA 100 18 98 23 99 9 82 10 96
Lake Charles, 
LA 5     0 10     0 6
Lake Charles, 
LA 10 0 26 0 26 0 15 0 22



Lake Charles, 
LA 15 0 41 0 37 0 32 0 48
Lake Charles, 
LA 20 0 49 0 44 0 64 0 52
Lake Charles, 
LA 25 0 55 0 55 0 64 0 62
Lake Charles, 
LA 30 1 76 1 81 0 70 0 72
Lake Charles, 
LA 35 7 86 2 81 3 83 6 90
Lake Charles, 
LA 40 17 87 9 94 10 93 11 90
Lake Charles, 
LA 45 22 97 16 94 14 93 17 124
Lake Charles, 
LA 50 29 97 21 96 14 93 21 124
Lake Charles, 
LA 55 31 97 30 106 18 95 23 124
Lake Charles, 
LA 60 32 97 35 106 18 95 24 124
Lake Charles, 
LA 100 34 115 35 106 18 95 24 124
Las Vegas, 
NV 5 0 11 0 39     0 16
Las Vegas, 
NV 10 0 28 0 39 0 36 0 36
Las Vegas, 
NV 15 0 47 0 41 0 45 0 48
Las Vegas, 
NV 20 0 50 0 67 0 55 0 57
Las Vegas, 
NV 25 0 59 1 77 0 63 1 83
Las Vegas, 
NV 30 0 68 1 77 0 69 1 83
Las Vegas, 
NV 35 0 68 2 77 1 82 1 83
Las Vegas, 
NV 40 1 77 3 78 3 97 2 83
Las Vegas, 45 4 86 5 95 5 97 6 92



NV 
Las Vegas, 
NV 50 6 86 9 95 9 97 6 92
Las Vegas, 
NV 55 9 86 9 95 10 97 6 92
Las Vegas, 
NV 60 12 86 9 95 10 97 6 92
Las Vegas, 
NV 100 15 94 13 95 11 97 6 92
Lexington, 
KY 5 0 23 0 15 0 21 0 9
Lexington, 
KY 10 0 24 0 24 0 21 0 22
Lexington, 
KY 15 0 36 0 36 0 31 0 32
Lexington, 
KY 20 0 42 0 43 0 40 0 40
Lexington, 
KY 25 0 50 0 50 0 49 0 45
Lexington, 
KY 30 0 67 0 56 0 62 0 61
Lexington, 
KY 35 0 74 0 75 0 75 0 73
Lexington, 
KY 40 1 77 0 75 1 96 0 74
Lexington, 
KY 45 4 98 3 83 3 96 3 80
Lexington, 
KY 50 18 98 12 95 10 96 8 96
Lexington, 
KY 55 31 98 21 95 15 96 11 100
Lexington, 
KY 60 36 98 32 116 21 97 13 100
Lexington, 
KY 100 44 111 49 121 23 108 15 101
Lincoln, NE 5 0 12 0 21 0 22 0 15
Lincoln, NE 10 0 24 0 21 0 22 0 19
Lincoln, NE 15 0 28 0 25 0 27 0 27
Lincoln, NE 20 0 36 0 32 0 34 0 38



Lincoln, NE 25 0 45 0 44 0 44 0 43
Lincoln, NE 30 0 45 0 54 0 48 0 50
Lincoln, NE 35 0 45 0 58 0 55 0 55
Lincoln, NE 40 0 52 0 62 0 57 0 57
Lincoln, NE 45 0 52 0 65 0 59 0 62
Lincoln, NE 50 0 52 0 69 0 59 0 62
Lincoln, NE 55 0 52 0 72 0 59 0 62
Lincoln, NE 60 0 52 0 72 0 59 0 62
Lincoln, NE 100 0 52 0 74 0 59 0 62
Little Rock, 
AR 5 0 20 0 6 0 13 0 18
Little Rock, 
AR 10 0 23 0 18 0 19 0 26
Little Rock, 
AR 15 0 36 0 30 0 30 0 33
Little Rock, 
AR 20 0 44 0 47 0 42 0 43
Little Rock, 
AR 25 0 65 0 54 0 51 0 53
Little Rock, 
AR 30 0 65 0 57 0 61 0 57
Little Rock, 
AR 35 0 69 1 80 0 69 0 66
Little Rock, 
AR 40 0 74 1 80 0 69 1 79
Little Rock, 
AR 45 7 90 7 95 0 75 7 81
Little Rock, 
AR 50 9 90 14 95 4 90 16 82
Little Rock, 
AR 55 17 99 20 95 4 90 21 83
Little Rock, 
AR 60 22 99 23 95 4 90 22 111
Little Rock, 
AR 100 23 99 25 101 4 90 22 111
Los Angeles, 
CA 5 0 31 0 27 0 27     
Los Angeles, 10 0 45 0 50 0 44 0 43



CA 
Los Angeles, 
CA 15 0 55 0 57 0 61 0 57
Los Angeles, 
CA 20 3 85 2 102 1 76 2 90
Los Angeles, 
CA 25 11 97 11 126 15 112 9 112
Los Angeles, 
CA 30 38 130 40 133 48 132 49 142
Los Angeles, 
CA 35 71 148 89 167 85 166 102 150
Los Angeles, 
CA 40 119 182 138 185 121 180 133 172
Los Angeles, 
CA 45 163 192 159 185 146 180 146 177
Los Angeles, 
CA 50 173 193 185 220 162 187 150 177
Los Angeles, 
CA 55 183 210 192 220 173 195 151 177
Los Angeles, 
CA 60 184 210 194 220 177 235 151 177
Los Angeles, 
CA 100 184 210 196 258 180 235 151 177
Louisville, KY 5 0 13 0 17 0 29 0 21
Louisville, KY 10 0 28 0 29 0 31 0 29
Louisville, KY 15 0 43 0 45 0 42 0 41
Louisville, KY 20 0 49 0 53 0 64 0 58
Louisville, KY 25 0 73 0 64 0 75 0 67
Louisville, KY 30 3 90 1 93 4 85 3 79
Louisville, KY 35 7 92 7 93 14 91 10 93
Louisville, KY 40 27 94 25 110 22 114 19 109
Louisville, KY 45 39 94 35 110 30 114 27 109
Louisville, KY 50 45 126 51 120 31 114 29 109
Louisville, KY 55 48 126 57 131 32 114 29 109
Louisville, KY 60 48 126 61 131 32 114 29 109
Louisville, KY 100 48 126 65 131 32 114 29 109
Madison, WI 5 0 16 0 9 0 29 0 11



Madison, WI 10 0 30 0 25 0 29 0 22
Madison, WI 15 0 35 0 33 0 38 0 26
Madison, WI 20 0 40 0 41 0 38 0 40
Madison, WI 25 0 48 0 50 0 52 0 44
Madison, WI 30 0 58 0 64 0 57 0 56
Madison, WI 35 0 65 0 66 0 62 0 61
Madison, WI 40 0 72 0 70 0 73 0 67
Madison, WI 45 0 75 2 82 1 83 1 78
Madison, WI 50 3 85 8 82 4 84 1 78
Madison, WI 55 8 96 11 90 10 84 1 78
Madison, WI 60 13 96 16 112 12 84 3 82
Madison, WI 100 14 96 36 121 15 103 3 82
Memphis, TN 5 0 12 0 20 0 24 0 15
Memphis, TN 10 0 12 0 21 0 24 0 22
Memphis, TN 15 0 30 0 32 0 32 0 32
Memphis, TN 20 0 48 0 46 0 55 0 43
Memphis, TN 25 0 61 0 63 0 58 0 51
Memphis, TN 30 0 63 0 69 1 82 1 78
Memphis, TN 35 3 80 2 86 4 84 1 78
Memphis, TN 40 10 105 6 86 9 84 5 86
Memphis, TN 45 22 105 23 104 14 99 17 100
Memphis, TN 50 33 110 41 108 22 108 31 100
Memphis, TN 55 39 110 64 108 25 108 45 112
Memphis, TN 60 40 110 75 126 26 108 48 112
Memphis, TN 100 40 110 77 126 26 108 48 112
Miami, FL 10 0 24 0 31 0 36 0 17
Miami, FL 15 0 45 0 47 0 45 0 48
Miami, FL 20 0 53 0 51 0 59 0 58
Miami, FL 25 0 68 0 65 0 73 0 71
Miami, FL 30 2 86 1 77 1 92 3 81
Miami, FL 35 3 97 5 101 1 92 4 81
Miami, FL 40 4 97 8 101 2 92 5 81
Miami, FL 45 8 97 9 101 6 94 6 91
Miami, FL 50 13 118 14 101 9 94 7 91
Miami, FL 55 15 118 15 113 11 94 7 91



Miami, FL 60 15 118 15 113 11 94 7 91
Miami, FL 100 15 118 17 113 11 94 7 91
Milwaukee, 
WI 5 0 32 0 43 0 25 0 4
Milwaukee, 
WI 10 0 32 0 43 0 25 0 24
Milwaukee, 
WI 15 0 33 0 43 0 44 0 37
Milwaukee, 
WI 20 0 48 0 46 0 46 0 47
Milwaukee, 
WI 25 0 59 0 60 0 58 0 57
Milwaukee, 
WI 30 0 59 0 67 0 65 0 67
Milwaukee, 
WI 35 2 77 0 73 0 67 0 69
Milwaukee, 
WI 40 5 85 0 75 2 79 1 81
Milwaukee, 
WI 45 13 94 4 96 7 96 9 97
Milwaukee, 
WI 50 18 94 8 96 17 98 14 97
Milwaukee, 
WI 55 23 111 20 111 23 114 18 97
Milwaukee, 
WI 60 27 133 28 116 25 114 19 97
Milwaukee, 
WI 100 38 200 54 136 30 131 23 111
Mobile, AL 5 0 10 0 3 0 22 0 2
Mobile, AL 10 0 25 0 22 0 26 0 36
Mobile, AL 15 0 53 0 44 0 39 0 70
Mobile, AL 20 0 60 0 57 0 56 0 70
Mobile, AL 25 0 65 0 75 0 75 0 70
Mobile, AL 30 2 87 0 75 1 78 0 73
Mobile, AL 35 6 87 0 75 3 84 5 88
Mobile, AL 40 7 87 2 88 4 84 11 88
Mobile, AL 45 7 87 4 89 4 84 13 88
Mobile, AL 50 8 87 6 89 4 84 15 98



Mobile, AL 55 8 87 8 89 5 84 15 98
Mobile, AL 60 8 87 8 89 5 84 15 98
Mobile, AL 100 8 87 8 89 5 84 15 98
Modesto, CA 5         0 10     
Modesto, CA 10 0 22 0 26 0 17 0 25
Modesto, CA 15 0 32 0 34 0 31 0 35
Modesto, CA 20 0 50 0 47 0 42 0 42
Modesto, CA 25 0 58 0 66 0 60 0 56
Modesto, CA 30 0 75 0 67 0 66 1 80
Modesto, CA 35 3 91 5 96 0 75 2 80
Modesto, CA 40 16 91 17 100 8 85 13 88
Modesto, CA 45 39 107 37 100 22 90 24 90
Modesto, CA 50 61 113 56 101 34 101 34 110
Modesto, CA 55 74 113 66 106 41 101 40 110
Modesto, CA 60 76 113 72 126 44 102 42 110
Modesto, CA 100 82 127 73 126 45 120 43 110
Muskegon, 
MI 5 0 23 0 32 0 29 0 27
Muskegon, 
MI 10 0 23 0 32 0 29 0 27
Muskegon, 
MI 15 0 33 0 36 0 33 0 33
Muskegon, 
MI 20 0 47 0 39 0 40 0 36
Muskegon, 
MI 25 0 54 0 60 0 61 0 52
Muskegon, 
MI 30 0 54 0 60 0 70 0 71
Muskegon, 
MI 35 0 72 0 68 0 70 1 78
Muskegon, 
MI 40 1 76 0 73 0 70 2 78
Muskegon, 
MI 45 1 76 2 88 2 80 2 78
Muskegon, 
MI 50 8 92 4 88 6 89 5 91
Muskegon, 55 16 103 12 110 11 95 9 97



MI 
Muskegon, 
MI 60 23 103 17 110 12 95 13 97
Muskegon, 
MI 100 36 135 36 157 23 139 25 114
Nashville, TN 5 0 16 0 15 0 18 0 25
Nashville, TN 10 0 30 0 30 0 28 0 28
Nashville, TN 15 0 60 0 40 0 41 0 51
Nashville, TN 20 0 66 0 47 0 59 0 51
Nashville, TN 25 2 82 0 61 1 76 0 59
Nashville, TN 30 5 86 0 73 4 83 0 75
Nashville, TN 35 16 109 2 92 10 104 2 89
Nashville, TN 40 31 109 13 92 19 112 10 95
Nashville, TN 45 32 109 33 112 22 112 28 109
Nashville, TN 50 33 123 50 123 24 112 41 114
Nashville, TN 55 33 123 59 123 25 112 47 114
Nashville, TN 60 33 123 68 123 25 112 47 114
Nashville, TN 100 33 123 76 126 25 112 47 114
New Orleans, 
LA 5         0 18     
New Orleans, 
LA 10 0 38 0 29 0 29 0 25
New Orleans, 
LA 15 0 46 0 46 0 43 0 43
New Orleans, 
LA 20 0 64 0 75 0 62 0 59
New Orleans, 
LA 25 1 89 0 75 0 73 1 80
New Orleans, 
LA 30 3 89 0 75 0 74 2 80
New Orleans, 
LA 35 11 98 3 88 2 93 7 83
New Orleans, 
LA 40 22 111 9 98 7 93 12 86
New Orleans, 
LA 45 32 111 21 101 7 93 14 86
New Orleans, 
LA 50 39 111 32 111 7 93 16 89



New Orleans, 
LA 55 43 111 38 111 8 109 16 89
New Orleans, 
LA 60 43 111 40 111 8 109 17 96
New Orleans, 
LA 100 43 111 41 111 8 109 17 96
New York 
City, NY 5 0 26 0 30 0 23 0 35
New York 
City, NY 10 0 42 0 45 0 52 0 70
New York 
City, NY 15 0 58 0 59 0 52 0 73
New York 
City, NY 20 0 63 0 69 0 71 0 73
New York 
City, NY 25 3 82 2 90 4 95 5 106
New York 
City, NY 30 8 86 8 120 11 95 10 106
New York 
City, NY 35 14 99 15 120 19 114 28 119
New York 
City, NY 40 29 118 21 120 38 114 38 119
New York 
City, NY 45 38 131 32 128 43 116 43 119
New York 
City, NY 50 44 144 47 156 49 116 54 147
New York 
City, NY 55 50 144 52 156 54 116 60 147
New York 
City, NY 60 56 153 59 156 55 116 60 147
New York 
City, NY 100 61 164 69 203 57 124 62 147
Oakland, CA 5                 
Oakland, CA 10 0 30 0 35 0 46 0 58
Oakland, CA 15 0 53 0 62 0 61 0 65
Oakland, CA 20 0 71 0 75 1 86 1 82
Oakland, CA 25 9 88 11 91 6 86 5 105
Oakland, CA 30 23 116 19 91 12 101 8 105



Oakland, CA 35 28 116 19 91 16 101 10 105
Oakland, CA 40 32 116 22 96 17 101 10 105
Oakland, CA 45 33 116 24 96 17 101 10 105
Oakland, CA 50 33 116 24 96 17 101 10 105
Oakland, CA 55 33 116 24 96 17 101 10 105
Oakland, CA 60 33 116 24 96 17 101 10 105
Oakland, CA 100 33 116 24 96 17 101 10 105
Oklahoma 
City, OK 5         0 11 0 18
Oklahoma 
City, OK 10 0 34 0 29 0 25 0 23
Oklahoma 
City, OK 15 0 48 0 32 0 36 0 33
Oklahoma 
City, OK 20 0 59 0 46 0 50 0 40
Oklahoma 
City, OK 25 0 75 0 51 0 56 0 53
Oklahoma 
City, OK 30 0 75 0 69 0 60 1 76
Oklahoma 
City, OK 35 0 75 3 82 0 68 2 80
Oklahoma 
City, OK 40 0 75 4 82 5 89 3 81
Oklahoma 
City, OK 45 5 82 7 86 9 91 4 89
Oklahoma 
City, OK 50 11 88 14 88 12 91 10 89
Oklahoma 
City, OK 55 15 88 18 88 13 91 14 89
Oklahoma 
City, OK 60 16 99 24 89 15 91 15 94
Oklahoma 
City, OK 100 18 133 31 96 15 91 15 94
Omaha, NE 5 0 19     0 15 0 14
Omaha, NE 10 0 28 0 26 0 27 0 34
Omaha, NE 15 0 40 0 40 0 36 0 35
Omaha, NE 20 0 53 0 57 0 47 0 55
Omaha, NE 25 0 57 0 62 0 60 0 62



Omaha, NE 30 0 68 0 62 0 62 0 71
Omaha, NE 35 0 70 0 74 1 79 0 71
Omaha, NE 40 0 70 2 88 2 79 0 74
Omaha, NE 45 0 71 3 88 2 79 0 74
Omaha, NE 50 0 73 4 88 3 81 3 86
Omaha, NE 55 1 76 5 88 3 81 3 86
Omaha, NE 60 2 78 14 93 3 81 3 86
Omaha, NE 100 3 78 18 93 3 81 3 86
Orlando, FL 5         0 14     
Orlando, FL 10 0 25 0 31 0 30 0 23
Orlando, FL 15 0 42 0 40 0 37 0 38
Orlando, FL 20 0 52 0 52 0 52 0 50
Orlando, FL 25 0 57 0 58 0 63 0 65
Orlando, FL 30 0 75 0 69 0 73 0 75
Orlando, FL 35 0 75 1 78 1 82 2 81
Orlando, FL 40 0 75 2 86 2 82 4 85
Orlando, FL 45 1 85 3 86 6 85 6 85
Orlando, FL 50 5 99 6 86 9 87 10 96
Orlando, FL 55 6 99 7 86 14 105 12 96
Orlando, FL 60 9 99 8 86 16 105 12 96
Orlando, FL 100 10 99 9 86 16 105 13 96
Philadelphia, 
PA 5 0 26 0 28 0 28 0 30
Philadelphia, 
PA 10 0 41 0 37 0 42 0 39
Philadelphia, 
PA 15 0 53 0 48 0 58 0 59
Philadelphia, 
PA 20 0 58 0 55 0 61 0 61
Philadelphia, 
PA 25 1 86 0 72 3 93 0 65
Philadelphia, 
PA 30 1 86 0 73 5 93 2 86
Philadelphia, 
PA 35 8 108 5 83 10 101 12 112
Philadelphia, 
PA 40 19 108 11 90 28 108 26 112



Philadelphia, 
PA 45 30 110 20 140 43 108 38 112
Philadelphia, 
PA 50 41 116 33 140 50 132 46 112
Philadelphia, 
PA 55 51 136 45 143 55 132 54 123
Philadelphia, 
PA 60 59 141 51 143 58 132 56 123
Philadelphia, 
PA 100 68 141 71 168 60 132 58 127
Phoenix, AZ 5 0 19         0 13
Phoenix, AZ 10 0 33 0 35 0 34 0 36
Phoenix, AZ 15 0 60 0 47 0 43 0 56
Phoenix, AZ 20 0 64 0 58 0 52 0 66
Phoenix, AZ 25 0 71 1 94 0 70 0 70
Phoenix, AZ 30 11 80 6 94 3 87 6 94
Phoenix, AZ 35 21 90 19 95 7 87 18 102
Phoenix, AZ 40 26 92 32 95 13 87 27 105
Phoenix, AZ 45 27 92 33 95 25 94 36 105
Phoenix, AZ 50 27 92 34 95 31 94 36 105
Phoenix, AZ 55 27 92 34 95 31 94 36 105
Phoenix, AZ 60 27 92 34 95 31 94 36 105
Phoenix, AZ 100 27 92 34 95 31 94 36 105
Pittsburgh, 
PA 5 0 26 0 16 0 21 0 29
Pittsburgh, 
PA 10 0 35 0 52 0 38 0 37
Pittsburgh, 
PA 15 0 50 0 52 0 53 0 58
Pittsburgh, 
PA 20 0 51 0 52 0 54 0 59
Pittsburgh, 
PA 25 0 69 1 137 0 68 0 69
Pittsburgh, 
PA 30 1 76 2 137 0 72 0 70
Pittsburgh, 
PA 35 5 92 5 207 3 89 7 88
Pittsburgh, 40 17 99 10 207 15 97 14 100



PA 
Pittsburgh, 
PA 45 26 111 23 207 21 97 18 100
Pittsburgh, 
PA 50 34 116 31 207 24 117 19 101
Pittsburgh, 
PA 55 41 123 37 207 29 117 19 101
Pittsburgh, 
PA 60 41 123 46 207 29 117 20 101
Pittsburgh, 
PA 100 44 127 56 207 29 117 20 101
Portland, OR 5 0 16 0 23 0   0 19
Portland, OR 10 0 16 0 36 0 30 0 31
Portland, OR 15 0 33 0 42 0 43 0 46
Portland, OR 20 0 58 0 47 0 51 0 53
Portland, OR 25 0 58 0 67 0 60 0 65
Portland, OR 30 0 72 1 78 0 71 2 77
Portland, OR 35 1 76 6 95 1 79 6 113
Portland, OR 40 4 110 8 95 1 79 7 113
Portland, OR 45 7 110 10 131 1 79 11 113
Portland, OR 50 8 110 10 131 1 79 12 113
Portland, OR 55 8 110 10 131 1 79 13 113
Portland, OR 60 8 110 10 131 1 79 13 113
Portland, OR 100 8 110 10 131 1 79 13 113
Providence, 
RI 5 0 18 0 15 0 27 0 36
Providence, 
RI 10 0 18 0 26 0 27 0 36
Providence, 
RI 15 0 51 0 34 0 34 0 38
Providence, 
RI 20 0 55 0 60 0 55 0 53
Providence, 
RI 25 0 58 0 61 0 68 0 65
Providence, 
RI 30 0 64 1 76 0 72 0 74
Providence, 
RI 35 1 77 2 82 0 72 2 83



Providence, 
RI 40 4 81 7 106 3 85 3 83
Providence, 
RI 45 6 91 10 106 10 100 6 86
Providence, 
RI 50 13 105 20 109 11 100 10 92
Providence, 
RI 55 20 108 26 125 17 102 14 95
Providence, 
RI 60 22 108 32 125 20 102 17 106
Providence, 
RI 100 29 136 40 168 24 123 23 130
Raleigh, NC 5 0 42 0 19 0 17 0 20
Raleigh, NC 10 0 42 0 24 0 20 0 20
Raleigh, NC 15 0 42 0 35 0 27 0 34
Raleigh, NC 20 0 57 0 37 0 53 0 51
Raleigh, NC 25 0 64 0 52 0 65 0 55
Raleigh, NC 30 0 69 0 62 0 66 0 68
Raleigh, NC 35 1 76 0 67 3 86 3 84
Raleigh, NC 40 7 88 3 90 5 86 11 85
Raleigh, NC 45 17 88 7 92 13 99 18 90
Raleigh, NC 50 29 98 15 92 19 99 29 97
Raleigh, NC 55 37 98 27 96 22 99 32 97
Raleigh, NC 60 44 98 42 123 22 99 36 111
Raleigh, NC 100 54 113 54 131 22 99 37 111
Riverside, CA 10 0 35     0 40     
Riverside, CA 15 0 50 0 47 0 47 0 54
Riverside, CA 20 0 66 0 53 0 75 0 54
Riverside, CA 25 2 82 0 73 2 77 0 65
Riverside, CA 30 4 84 8 107 6 90 2 82
Riverside, CA 35 16 106 18 122 18 106 11 121
Riverside, CA 40 33 128 30 137 33 127 33 121
Riverside, CA 45 52 131 52 141 59 128 73 137
Riverside, CA 50 85 173 77 146 89 137 103 138
Riverside, CA 55 107 186 103 170 124 181 130 165
Riverside, CA 60 140 186 132 193 144 188 158 177



Riverside, CA 100 190 198 201 250 205 252 186 198
Rochester, 
NY 5 0 11         0 15
Rochester, 
NY 10 0 31 0 25 0 27 0 34
Rochester, 
NY 15 0 31 0 31 0 34 0 42
Rochester, 
NY 20 0 41 0 42 0 40 0 53
Rochester, 
NY 25 0 55 0 48 0 53 0 53
Rochester, 
NY 30 0 55 0 58 0 53 0 62
Rochester, 
NY 35 0 65 0 63 0 64 0 63
Rochester, 
NY 40 0 74 0 72 0 75 0 72
Rochester, 
NY 45 1 76 4 84 0 75 1 77
Rochester, 
NY 50 4 94 7 86 3 87 2 78
Rochester, 
NY 55 6 94 10 93 7 95 7 84
Rochester, 
NY 60 9 94 11 96 8 95 11 91
Rochester, 
NY 100 20 108 33 125 10 100 15 110
Sacramento, 
CA 5                 
Sacramento, 
CA 10         0 27     
Sacramento, 
CA 15 0 42 0 37 0 58 0 48
Sacramento, 
CA 20 0 51 0 73 0 62 0 63
Sacramento, 
CA 25 0 57 0 73 1 80 1 77
Sacramento, 
CA 30 1 83 0 73 10 85 10 82



Sacramento, 
CA 35 11 83 4 80 42 96 26 96
Sacramento, 
CA 40 39 107 27 96 74 102 42 98
Sacramento, 
CA 45 75 108 55 115 88 110 66 121
Sacramento, 
CA 50 89 122 77 126 97 111 73 127
Sacramento, 
CA 55 96 122 87 130 98 133 75 137
Sacramento, 
CA 60 99 127 92 130 98 133 75 137
Sacramento, 
CA 100 99 127 94 130 98 133 75 137
Salt Lake 
City, UT 5 0 34 0 30 0 17 0 21
Salt Lake 
City, UT 10 0 34 0 30 0 38 0 37
Salt Lake 
City, UT 15 0 43 0 42 0 46 0 56
Salt Lake 
City, UT 20 0 56 1 82 0 55 0 56
Salt Lake 
City, UT 25 0 64 1 82 0 61 0 65
Salt Lake 
City, UT 30 0 72 1 82 0 70 0 75
Salt Lake 
City, UT 35 1 77 1 82 3 79 2 79
Salt Lake 
City, UT 40 10 84 9 92 5 87 4 84
Salt Lake 
City, UT 45 13 84 18 96 12 101 4 84
Salt Lake 
City, UT 50 15 89 18 96 12 101 4 84
Salt Lake 
City, UT 55 16 89 18 96 12 101 4 84
Salt Lake 
City, UT 60 16 89 18 96 12 101 4 84
Salt Lake 100 16 89 18 96 12 101 4 84



City, UT 
San Antonio, 
TX 5 0 13 0 8 0 17 0 14
San Antonio, 
TX 10 0 22 0 26 0 27 0 31
San Antonio, 
TX 15 0 37 0 46 0 41 0 48
San Antonio, 
TX 20 0 51 0 50 0 50 0 61
San Antonio, 
TX 25 0 58 0 63 0 63 0 73
San Antonio, 
TX 30 0 70 0 67 0 63 1 78
San Antonio, 
TX 35 1 78 1 92 2 81 5 90
San Antonio, 
TX 40 6 85 2 92 3 81 5 90
San Antonio, 
TX 45 8 88 6 92 6 81 5 90
San Antonio, 
TX 50 14 102 7 92 7 81 7 90
San Antonio, 
TX 55 18 106 7 92 8 81 9 95
San Antonio, 
TX 60 18 106 10 125 10 86 10 95
San Antonio, 
TX 100 18 106 11 125 12 101 10 95
San Diego, 
CA 5                 
San Diego, 
CA 10                 
San Diego, 
CA 15 0 52 0 33 0 42     
San Diego, 
CA 20 0 56 0 52 0 51 0 50
San Diego, 
CA 25 2 100 0 66 1 77 0 72
San Diego, 
CA 30 8 100 11 106 13 108 8 97



San Diego, 
CA 35 34 118 45 128 39 108 40 116
San Diego, 
CA 40 65 121 86 146 76 135 71 117
San Diego, 
CA 45 100 196 119 148 103 142 108 117
San Diego, 
CA 50 113 196 142 148 120 142 122 126
San Diego, 
CA 55 126 196 157 156 146 158 135 135
San Diego, 
CA 60 129 196 163 156 159 158 143 145
San Diego, 
CA 100 132 196 170 156 163 193 143 145
San Jose, CA 5                 
San Jose, CA 10 0 30 0 35 0 32 0 48
San Jose, CA 15 0 44 0 60 0 53 0 56
San Jose, CA 20 0 54 0 66 0 66 0 70
San Jose, CA 25 1 77 2 80 2 79 3 87
San Jose, CA 30 9 87 7 93 8 81 6 87
San Jose, CA 35 28 103 19 96 14 102 14 96
San Jose, CA 40 42 113 29 101 19 102 18 96
San Jose, CA 45 53 113 34 101 21 102 19 96
San Jose, CA 50 61 113 36 101 23 102 19 96
San Jose, CA 55 63 113 38 101 23 102 19 96
San Jose, CA 60 64 113 38 101 23 102 19 96
San Jose, CA 100 64 113 38 101 23 102 19 96
Seattle, WA 5 0 10 0 16 0 15 0 21
Seattle, WA 10 0 26 0 32 0 31 0 30
Seattle, WA 15 0 47 0 45 0 41 0 41
Seattle, WA 20 0 56 0 50 0 46 0 52
Seattle, WA 25 0 65 0 61 0 52 0 61
Seattle, WA 30 0 72 1 76 0 70 2 83
Seattle, WA 35 2 80 5 83 0 70 4 83
Seattle, WA 40 3 80 8 93 3 83 5 83
Seattle, WA 45 6 96 9 100 7 83 10 93



Seattle, WA 50 7 113 9 100 7 83 12 98
Seattle, WA 55 7 113 9 100 7 83 13 107
Seattle, WA 60 7 113 9 100 7 83 14 115
Seattle, WA 100 7 113 9 100 7 83 14 115
Shreveport, 
LA 5 0 12 0 6 0 7 0 16
Shreveport, 
LA 10 0 34 0 26 0 24 0 26
Shreveport, 
LA 15 0 34 0 40 0 42 0 43
Shreveport, 
LA 20 0 47 0 46 0 54 0 51
Shreveport, 
LA 25 0 68 0 59 0 65 0 67
Shreveport, 
LA 30 0 68 0 75 1 77 0 68
Shreveport, 
LA 35 1 88 1 79 3 82 2 87
Shreveport, 
LA 40 9 94 4 80 4 90 7 96
Shreveport, 
LA 45 20 94 15 89 5 90 15 102
Shreveport, 
LA 50 37 94 25 101 9 98 19 102
Shreveport, 
LA 55 42 94 35 101 11 98 23 105
Shreveport, 
LA 60 43 94 40 101 11 98 24 105
Shreveport, 
LA 100 43 94 42 102 11 98 24 105
Spokane, WA 5 0   0   0   0 34
Spokane, WA 10 0   0   0   0 34
Spokane, WA 15 0   0   0   0 34
Spokane, WA 20 0   0   0   0 34
Spokane, WA 25 0   0   0   0 36
Spokane, WA 30 0   0   0   0 51
Spokane, WA 35 0   0   0   0 51
Spokane, WA 40 0   0   0   0 57



Spokane, WA 45 0   0   0   0 61
Spokane, WA 50 0   0   0   0 62
Spokane, WA 55 0   0   0   0 62
Spokane, WA 60 0   0   0   0 62
Spokane, WA 100 0   0   0   0 62
St Louis, MO 5 0 15 0 21 0 12 0 17
St Louis, MO 10 0 35 0 29 0 33 0 39
St Louis, MO 15 0 44 0 45 0 53 0 47
St Louis, MO 20 0 62 0 59 0 69 0 57
St Louis, MO 25 0 74 1 79 0 69 0 68
St Louis, MO 30 6 88 3 80 4 94 3 91
St Louis, MO 35 13 115 12 102 13 97 9 91
St Louis, MO 40 34 124 33 111 24 124 21 110
St Louis, MO 45 48 161 56 129 36 124 35 110
St Louis, MO 50 58 161 68 129 39 124 41 110
St Louis, MO 55 58 161 72 141 40 124 42 110
St Louis, MO 60 59 161 77 141 40 124 42 110
St Louis, MO 100 59 161 78 143 40 124 42 110
Stockton, CA 5 0 17 0 11 0 18 0 10
Stockton, CA 10 0 31 0 24 0 31 0 25
Stockton, CA 15 0 43 0 38 0 40 0 35
Stockton, CA 20 0 55 1 78 0 53 0 50
Stockton, CA 25 0 70 1 78 0 65 0 65
Stockton, CA 30 4 85 1 78 0 75 0 72
Stockton, CA 35 21 96 7 87 6 85 2 82
Stockton, CA 40 38 96 17 91 10 86 10 83
Stockton, CA 45 54 96 27 98 12 103 15 102
Stockton, CA 50 63 110 36 103 12 103 17 102
Stockton, CA 55 66 110 39 103 12 103 17 102
Stockton, CA 60 67 110 39 103 12 103 17 102
Stockton, CA 100 67 110 39 103 12 103 17 102
Syracuse, NY 5 0 16 0 31 0 26 0 25
Syracuse, NY 10 0 26 0 31 0 28 0 31
Syracuse, NY 15 0 61 0 38 0 35 0 43
Syracuse, NY 20 0 61 0 52 0 52 0 48



Syracuse, NY 25 0 61 0 52 0 62 0 59
Syracuse, NY 30 0 62 0 65 0 63 0 64
Syracuse, NY 35 0 66 0 73 1 76 0 67
Syracuse, NY 40 2 80 0 73 2 76 0 73
Syracuse, NY 45 2 80 2 84 3 79 1 84
Syracuse, NY 50 11 94 4 86 5 79 4 93
Syracuse, NY 55 11 94 11 98 7 92 5 93
Syracuse, NY 60 13 113 16 102 7 92 6 93
Syracuse, NY 100 21 113 29 112 8 92 8 93
Tampa, FL 5         0 10     
Tampa, FL 10 0 31 0 36 0 36 0 26
Tampa, FL 15 0 48 0 45 0 53 0 47
Tampa, FL 20 0 57 0 60 0 65 0 53
Tampa, FL 25 0 59 0 63 0 72 1 76
Tampa, FL 30 2 84 0 74 0 72 1 76
Tampa, FL 35 7 103 1 81 6 89 3 95
Tampa, FL 40 16 103 6 89 7 89 9 96
Tampa, FL 45 23 103 11 90 10 89 14 96
Tampa, FL 50 32 103 18 90 15 89 16 96
Tampa, FL 55 38 103 21 90 18 97 20 100
Tampa, FL 60 45 114 23 91 18 97 20 100
Tampa, FL 100 52 123 25 91 18 97 20 100
Toledo, OH 5 0 20 0 25 0 26 0 15
Toledo, OH 10 0 24 0 25 0 28 0 23
Toledo, OH 15 0 38 0 38 0 40 0 34
Toledo, OH 20 0 50 0 51 0 45 0 49
Toledo, OH 25 0 60 0 53 0 59 0 60
Toledo, OH 30 0 65 0 73 0 75 0 60
Toledo, OH 35 0 65 1 77 1 79 0 67
Toledo, OH 40 2 79 3 81 5 88 1 82
Toledo, OH 45 9 91 8 97 6 88 5 86
Toledo, OH 50 17 109 20 101 10 93 7 86
Toledo, OH 55 20 109 27 101 13 114 12 89
Toledo, OH 60 20 109 32 135 13 114 15 89
Toledo, OH 100 21 116 47 135 13 114 16 89



Tucson, AZ 10 0 20 0 26 0 30 0 27
Tucson, AZ 15 0 41 0 40 0 43 0 32
Tucson, AZ 20 0 56 0 48 0 46 0 49
Tucson, AZ 25 0 63 0 54 0 57 0 54
Tucson, AZ 30 0 71 0 68 0 66 0 61
Tucson, AZ 35 0 74 0 75 0 73 0 69
Tucson, AZ 40 2 81 0 75 0 74 0 74
Tucson, AZ 45 3 81 5 84 0 74 4 78
Tucson, AZ 50 3 81 5 84 2 79 10 86
Tucson, AZ 55 3 81 5 84 2 79 11 86
Tucson, AZ 60 3 81 5 84 2 79 12 86
Tucson, AZ 100 3 81 5 84 2 79 12 86
Tulsa, OK 5         0   0 12
Tulsa, OK 10 0 29 0 18 0 23 0 20
Tulsa, OK 15 0 36 0 40 0 37 0 34
Tulsa, OK 20 0 47 0 49 0 43 0 50
Tulsa, OK 25 0 62 0 57 0 61 0 52
Tulsa, OK 30 1 83 0 65 2 79 0 66
Tulsa, OK 35 3 83 0 73 4 79 0 68
Tulsa, OK 40 15 87 5 92 6 100 7 94
Tulsa, OK 45 28 95 15 98 13 102 14 96
Tulsa, OK 50 37 98 24 99 16 102 17 96
Tulsa, OK 55 44 98 36 99 17 102 23 128
Tulsa, OK 60 44 98 42 107 17 102 26 128
Tulsa, OK 100 44 98 49 110 18 102 30 128
Washington, 
DC 5 0 29 0 29 0 28 0 36
Washington, 
DC 10 0 42 0 48 0 43 0 49
Washington, 
DC 15 0 61 0 48 0 60 0 65
Washington, 
DC 20 0 64 0 63 0 68 0 65
Washington, 
DC 25 1 80 0 65 0 68 0 68
Washington, 30 4 80 1 82 2 82 1 87



DC 
Washington, 
DC 35 8 80 3 97 14 90 10 89
Washington, 
DC 40 24 90 9 108 28 107 27 89
Washington, 
DC 45 39 107 27 110 38 107 38 104
Washington, 
DC 50 56 128 38 119 46 107 44 104
Washington, 
DC 55 62 128 46 119 51 107 49 120
Washington, 
DC 60 73 128 56 128 54 126 51 120
Washington, 
DC 100 77 129 75 156 54 126 51 120
Wichita, KS 5             0   
Wichita, KS 10 0 31 0 28 0 23 0 28
Wichita, KS 15 0 38 0 39 0 32 0 32
Wichita, KS 20 0 54 0 51 0 51 0 55
Wichita, KS 25 0 62 0 58 0 64 0 55
Wichita, KS 30 0 74 1 77 0 75 0 62
Wichita, KS 35 0 74 1 77 2 81 0 70
Wichita, KS 40 1 81 5 84 2 81 0 70
Wichita, KS 45 2 81 9 84 4 81 1 77
Wichita, KS 50 2 81 9 84 4 81 1 77
Wichita, KS 55 2 81 13 101 4 81 7 95
Wichita, KS 60 2 81 14 101 4 81 9 95
Wichita, KS 100 2 81 18 101 4 81 10 95
Worcester, 
MA 5 0 24 0 12 0 22 0 32
Worcester, 
MA 10 0 28 0 26 0 26 0 32
Worcester, 
MA 15 0 34 0 37 0 41 0 38
Worcester, 
MA 20 0 47 0 42 0 44 0 45
Worcester, 
MA 25 0 53 0 54 0 59 0 56



Worcester, 
MA 30 0 65 0 61 0 59 0 56
Worcester, 
MA 35 0 65 0 66 0 63 0 65
Worcester, 
MA 40 0 72 3 79 0 69 0 68
Worcester, 
MA 45 0 72 3 79 2 85 0 70
Worcester, 
MA 50 5 90 5 98 4 87 0 74
Worcester, 
MA 55 6 90 7 98 6 96 2 102
Worcester, 
MA 60 7 90 16 124 7 96 4 102
Worcester, 
MA 100 8 90 23 124 8 96 6 102
 

 



Number of exceedances of 75 ppb and highest 8-h concentration for different cutoff concentrations (Continued) 

city 

cutoff 
conc. 
(ppb) 

Number of 
exceedanc
es of 75 
ppb 1991 

Highest 8-
hour 
conc. 
(ppb) 
1991 

Number of 
exceedances 
of 75 ppb 1992 

Highest 8-
hour conc. 
(ppb) 1992 

Number of 
exceedances 
of 75 ppb 1993 

Highest 8-
hour conc. 
(ppb) 1993 

Number of 
exceedances 
of 75 ppb 1994 

Highest 8-
hour conc. 
(ppb) 1994 

Akron, OH 5 0 35 0 32 0 31 0 18
Akron, OH 10 0 35 0 33 0 31 0 23
Akron, OH 15 0 35 0 45 0 39 0 38
Akron, OH 20 0 39 0 45 0 57 0 46
Akron, OH 25 0 53 0 57 0 57 0 59
Akron, OH 30 1 76 0 65 0 73 0 69
Akron, OH 35 3 93 0 71 0 73 1 76
Akron, OH 40 5 93 1 76 2 85 3 80
Akron, OH 45 14 100 5 87 6 91 8 88
Akron, OH 50 26 100 10 100 12 99 14 88
Akron, OH 55 34 103 12 102 17 99 18 90
Akron, OH 60 42 111 12 102 17 99 23 90
Akron, OH 100 48 119 12 102 17 99 23 90
Albuquerq
ue, NM 10 0 30 0 25 0 32 0 31
Albuquerq
ue, NM 15 0 35 0 41 0 37 0 39
Albuquerq
ue, NM 20 0 52 0 48 0 48 0 49
Albuquerq
ue, NM 25 0 62 0 56 0 57 0 59
Albuquerq
ue, NM 30 0 62 0 68 0 67 0 68
Albuquerq
ue, NM 35 0 70 0 68 0 72 1 86
Albuquerq
ue, NM 40 1 76 1 76 0 75 3 86
Albuquerq
ue, NM 45 3 78 1 76 0 75 6 86
Albuquerq
ue, NM 50 3 78 1 76 0 75 7 86



Albuquerq
ue, NM 55 3 78 1 76 0 75 7 86
Albuquerq
ue, NM 60 3 78 1 76 0 75 7 86
Albuquerq
ue, NM 100 3 78 1 76 0 75 7 86
Atlanta, 
GA 5 0 44 0 32 0 17 0 37
Atlanta, 
GA 10 0 44 0 32 0 18 0 37
Atlanta, 
GA 15 0 44 0 39 0 35 0 38
Atlanta, 
GA 20 0 65 0 49 0 50 0 56
Atlanta, 
GA 25 1 79 0 73 0 56 0 63
Atlanta, 
GA 30 8 92 4 85 1 78 2 81
Atlanta, 
GA 35 23 102 12 98 12 108 12 95
Atlanta, 
GA 40 40 110 25 110 38 116 21 106
Atlanta, 
GA 45 42 110 35 110 61 116 27 106
Atlanta, 
GA 50 42 110 36 110 72 116 28 106
Atlanta, 
GA 55 42 110 37 110 73 122 29 107
Atlanta, 
GA 60 42 110 38 110 74 137 30 110
Atlanta, 
GA 100 42 110 38 110 76 152 30 110
Austin, TX 5 0 23 0 21 0 8 0 9
Austin, TX 10 0 27 0 26 0 23 0 26
Austin, TX 15 0 43 0 33 0 31 0 36
Austin, TX 20 0 43 0 48 0 44 0 43
Austin, TX 25 0 52 0 51 0 47 0 52
Austin, TX 30 1 78 0 66 0 61 0 64



Austin, TX 35 1 78 0 75 0 63 0 64
Austin, TX 40 3 81 2 79 0 71 2 89
Austin, TX 45 5 81 6 79 1 82 3 89
Austin, TX 50 11 86 8 90 3 84 7 89
Austin, TX 55 12 86 10 90 6 87 9 89
Austin, TX 60 13 92 11 90 7 87 11 89
Austin, TX 100 13 92 11 90 7 87 11 89
Bakersfiel
d, CA 5     0 10     0 33
Bakersfiel
d, CA 10 0 23 0 23 0 38 0 41
Bakersfiel
d, CA 15 0 32 0 37 0 40 0 43
Bakersfiel
d, CA 20 0 46 0 48 0 50 0 48
Bakersfiel
d, CA 25 0 56 0 65 0 56 0 58
Bakersfiel
d, CA 30 0 62 0 67 0 67 0 74
Bakersfiel
d, CA 35 0 70 1 81 0 73 0 74
Bakersfiel
d, CA 40 5 85 11 92 6 86 2 88
Bakersfiel
d, CA 45 25 100 28 92 24 92 16 88
Bakersfiel
d, CA 50 55 100 69 101 51 108 43 107
Bakersfiel
d, CA 55 87 117 101 110 88 111 79 117
Bakersfiel
d, CA 60 113 120 127 111 110 116 106 118
Bakersfiel
d, CA 100 139 120 134 115 135 125 130 129
Baltimore, 
MD 5 0 17 0 23 0 26 0 23
Baltimore, 
MD 10 0 38 0 37 0 37 0 34
Baltimore, 15 0 42 0 40 0 45 0 52



MD 
Baltimore, 
MD 20 0 56 0 53 0 54 0 52
Baltimore, 
MD 25 0 62 0 61 0 60 0 61
Baltimore, 
MD 30 0 68 1 77 0 64 0 67
Baltimore, 
MD 35 3 80 3 85 5 86 4 90
Baltimore, 
MD 40 11 91 12 95 17 93 13 98
Baltimore, 
MD 45 29 111 23 95 34 98 34 109
Baltimore, 
MD 50 56 111 34 104 49 108 47 109
Baltimore, 
MD 55 62 129 39 111 66 121 60 117
Baltimore, 
MD 60 71 131 39 111 74 121 60 117
Baltimore, 
MD 100 78 144 39 111 76 134 61 126
Baton 
Rouge, LA 5 0 20     0 18 0 15
Baton 
Rouge, LA 10 0 35 0 27 0 42 0 32
Baton 
Rouge, LA 15 0 43 0 44 0 62 0 72
Baton 
Rouge, LA 20 0 62 1 76 0 62 0 72
Baton 
Rouge, LA 25 0 71 1 76 0 69 0 72
Baton 
Rouge, LA 30 5 85 5 83 10 95 8 91
Baton 
Rouge, LA 35 11 97 16 90 15 95 17 93
Baton 
Rouge, LA 40 19 111 25 108 30 113 26 109
Baton 
Rouge, LA 45 26 113 37 108 36 113 31 109



Baton 
Rouge, LA 50 30 113 38 124 42 113 32 109
Baton 
Rouge, LA 55 30 113 38 124 42 113 33 109
Baton 
Rouge, LA 60 30 113 38 124 42 113 33 109
Baton 
Rouge, LA 100 30 113 38 124 42 113 33 109
Biddeford, 
ME 5 0 46 0 20 0   0 18
Biddeford, 
ME 10 0 46 0 20 0 30 0 18
Biddeford, 
ME 15 0 46 0 23 0 30 0 26
Biddeford, 
ME 20 0 46 0 34 0 35 0 32
Biddeford, 
ME 25 0 46 0 41 0 50 0 40
Biddeford, 
ME 30 0 55 0 55 0 50 0 47
Biddeford, 
ME 35 0 69 0 56 0 58 0 58
Biddeford, 
ME 40 1 78 0 63 0 68 0 70
Biddeford, 
ME 45 2 95 1 77 1 83 2 79
Biddeford, 
ME 50 5 95 4 86 5 85 5 83
Biddeford, 
ME 55 10 95 7 104 10 95 8 91
Biddeford, 
ME 60 16 111 11 104 15 110 14 91
Biddeford, 
ME 100 23 136 17 112 19 110 20 114
Birmingha
m, AL 5 0 44 0 12 0 20 0 18
Birmingha
m, AL 10 0 44 0 28 0 31 0 28
Birmingha 15 0 48 0 45 0 43 0 47



m, AL 
Birmingha
m, AL 20 0 59 0 61 0 58 0 61
Birmingha
m, AL 25 1 76 0 70 0 70 0 72
Birmingha
m, AL 30 10 92 5 90 4 94 1 76
Birmingha
m, AL 35 14 92 12 91 15 96 8 94
Birmingha
m, AL 40 17 92 18 100 21 114 11 99
Birmingha
m, AL 45 17 92 20 102 23 114 11 99
Birmingha
m, AL 50 17 92 22 104 23 114 11 99
Birmingha
m, AL 55 17 92 22 104 24 114 11 99
Birmingha
m, AL 60 17 92 22 104 24 114 11 99
Birmingha
m, AL 100 17 92 22 104 24 114 11 99
Boston, 
MA 5 0 23 0 28 0 29 0 25
Boston, 
MA 10 0 29 0 41 0 29 0 37
Boston, 
MA 15 0 41 0 41 0 40 0 65
Boston, 
MA 20 0 51 0 46 0 57 0 65
Boston, 
MA 25 0 55 0 65 0 67 0 70
Boston, 
MA 30 0 74 0 72 0 71 0 70
Boston, 
MA 35 0 75 1 83 2 87 1 78
Boston, 
MA 40 3 81 6 89 7 87 1 78
Boston, 
MA 45 7 118 11 89 14 93 6 84



Boston, 
MA 50 13 118 14 89 22 105 13 97
Boston, 
MA 55 19 123 16 107 22 105 18 118
Boston, 
MA 60 23 123 16 107 22 105 20 118
Boston, 
MA 100 28 135 20 107 24 123 21 118
Buffalo, 
NY 5 0 17 0 16 0 27 0 21
Buffalo, 
NY 10 0 34 0 32 0 32 0 23
Buffalo, 
NY 15 0 36 0 39 0 33 0 38
Buffalo, 
NY 20 0 41 0 46 0 47 0 44
Buffalo, 
NY 25 0 54 0 51 0 51 0 53
Buffalo, 
NY 30 0 63 0 58 0 64 0 55
Buffalo, 
NY 35 0 67 0 67 0 71 0 66
Buffalo, 
NY 40 1 76 1 76 0 74 1 78
Buffalo, 
NY 45 4 80 1 76 1 83 3 80
Buffalo, 
NY 50 8 80 2 76 1 83 6 87
Buffalo, 
NY 55 12 83 4 98 3 83 7 87
Buffalo, 
NY 60 14 94 5 98 4 85 12 87
Buffalo, 
NY 100 23 98 6 101 6 85 13 90
Cedar 
Rapids, IA 5 0 17 0 25 0 15 0 19
Cedar 
Rapids, IA 10 0 26 0 25 0 32 0 22
Cedar 15 0 34 0 30 0 32 0 38



Rapids, IA 
Cedar 
Rapids, IA 20 0 47 0 45 0 36 0 46
Cedar 
Rapids, IA 25 0 52 0 54 0 61 0 58
Cedar 
Rapids, IA 30 0 54 0 54 0 61 0 58
Cedar 
Rapids, IA 35 0 67 0 64 0 61 0 60
Cedar 
Rapids, IA 40 0 67 0 70 0 63 0 68
Cedar 
Rapids, IA 45 0 68 1 78 0 75 0 68
Cedar 
Rapids, IA 50 0 73 3 80 0 75 0 68
Cedar 
Rapids, IA 55 0 73 3 80 0 75 0 68
Cedar 
Rapids, IA 60 0 73 3 80 0 75 0 68
Cedar 
Rapids, IA 100 0 73 3 80 0 75 0 68
Charlotte, 
NC 5 0 13 0 13 0 10 0 11
Charlotte, 
NC 10 0 23 0 25 0 25 0 21
Charlotte, 
NC 15 0 39 0 34 0 36 0 45
Charlotte, 
NC 20 0 50 0 50 0 44 0 49
Charlotte, 
NC 25 0 75 0 65 0 65 0 60
Charlotte, 
NC 30 0 75 3 82 0 73 0 74
Charlotte, 
NC 35 3 83 7 88 0 74 0 74
Charlotte, 
NC 40 13 83 14 93 12 91 4 93
Charlotte, 
NC 45 30 93 22 94 23 95 10 98



Charlotte, 
NC 50 36 108 30 104 40 112 11 98
Charlotte, 
NC 55 38 108 31 104 43 112 14 102
Charlotte, 
NC 60 38 108 31 104 47 117 15 102
Charlotte, 
NC 100 38 108 31 104 48 141 15 102
Chicago, 
IL 5 0 20 0 21 0 31 0 17
Chicago, 
IL 10 0 31 0 36 0 42 0 40
Chicago, 
IL 15 0 51 0 50 0 47 0 44
Chicago, 
IL 20 0 68 0 59 0 56 0 63
Chicago, 
IL 25 0 75 1 78 0 65 0 71
Chicago, 
IL 30 2 93 1 78 3 104 3 90
Chicago, 
IL 35 15 113 4 106 5 104 11 94
Chicago, 
IL 40 29 128 11 111 11 108 19 94
Chicago, 
IL 45 39 128 15 111 13 108 23 143
Chicago, 
IL 50 46 128 18 111 15 108 25 143
Chicago, 
IL 55 54 128 20 140 15 108 27 143
Chicago, 
IL 60 56 128 20 140 15 108 27 143
Chicago, 
IL 100 57 128 20 140 15 108 27 143
Cincinnati, 
OH 5 0 30 0 34 0 30 0 22
Cincinnati, 
OH 10 0 32 0 34 0 37 0 31
Cincinnati, 15 0 42 0 51 0 42 0 49



OH 
Cincinnati, 
OH 20 0 59 0 57 0 52 0 63
Cincinnati, 
OH 25 0 69 0 71 0 74 0 67
Cincinnati, 
OH 30 7 92 1 78 2 82 1 76
Cincinnati, 
OH 35 16 98 4 92 10 89 14 92
Cincinnati, 
OH 40 27 114 7 92 23 93 25 106
Cincinnati, 
OH 45 38 114 9 92 31 103 34 106
Cincinnati, 
OH 50 42 124 9 92 35 104 39 111
Cincinnati, 
OH 55 46 124 9 92 36 105 41 111
Cincinnati, 
OH 60 46 124 9 92 36 105 41 111
Cincinnati, 
OH 100 46 124 9 92 36 105 41 111
Cleveland, 
OH 5 0 21 0 41 0 36 0 30
Cleveland, 
OH 10 0 28 0 42 0 36 0 32
Cleveland, 
OH 15 0 37 0 42 0 49 0 44
Cleveland, 
OH 20 0 57 0 45 0 53 0 55
Cleveland, 
OH 25 0 64 0 58 0 55 0 62
Cleveland, 
OH 30 0 68 0 65 0 71 1 77
Cleveland, 
OH 35 5 95 1 85 2 80 3 77
Cleveland, 
OH 40 15 99 2 92 6 92 8 90
Cleveland, 
OH 45 21 99 9 92 19 94 20 97



Cleveland, 
OH 50 29 105 12 92 29 104 32 103
Cleveland, 
OH 55 37 105 17 96 32 104 34 103
Cleveland, 
OH 60 43 115 19 97 36 108 38 108
Cleveland, 
OH 100 46 115 19 97 37 108 39 108
Colorado 
Springs, 
CO 5 0 11 0 31 0 20 0 20
Colorado 
Springs, 
CO 10 0 30 0 34 0 34 0 28
Colorado 
Springs, 
CO 15 0 38 0 39 0 42 0 43
Colorado 
Springs, 
CO 20 0 46 0 45 0 42 0 52
Colorado 
Springs, 
CO 25 0 50 0 51 0 50 0 52
Colorado 
Springs, 
CO 30 0 57 0 55 0 54 0 56
Colorado 
Springs, 
CO 35 0 60 0 61 0 59 0 63
Colorado 
Springs, 
CO 40 0 65 0 68 0 62 0 65
Colorado 
Springs, 
CO 45 0 65 0 68 0 62 0 65
Colorado 
Springs, 
CO 50 0 65 0 68 0 62 0 65



Colorado 
Springs, 
CO 55 0 67 0 68 0 62 0 65
Colorado 
Springs, 
CO 60 1 81 0 68 0 62 0 65
Colorado 
Springs, 
CO 100 2 81 0 68 0 62 0 65
Columbus, 
GA 5 0 34 0 10 0 2 0   
Columbus, 
GA 10 0 34 0 26 0 18 0 32
Columbus, 
GA 15 0 37 0 45 0 38 0 36
Columbus, 
GA 20 0 52 0 47 0 43 0 44
Columbus, 
GA 25 0 68 0 62 0 55 0 60
Columbus, 
GA 30 0 68 2 86 0 68 0 66
Columbus, 
GA 35 1 87 3 86 2 78 0 72
Columbus, 
GA 40 2 87 5 86 4 78 3 77
Columbus, 
GA 45 2 87 6 86 6 78 3 77
Columbus, 
GA 50 2 87 7 86 7 81 4 90
Columbus, 
GA 55 3 87 11 86 8 83 5 90
Columbus, 
GA 60 3 87 11 86 8 83 5 90
Columbus, 
GA 100 3 87 11 86 8 83 5 90
Columbus, 
OH 5 0 35 0 37 0 33 0 11
Columbus, 
OH 10 0 35 0 37 0 41 0 27



Columbus, 
OH 15 0 39 0 45 0 41 0 36
Columbus, 
OH 20 0 47 0 51 0 41 0 45
Columbus, 
OH 25 0 61 0 54 0 57 0 56
Columbus, 
OH 30 0 69 1 84 0 67 0 68
Columbus, 
OH 35 1 79 1 84 1 85 0 72
Columbus, 
OH 40 9 98 2 84 7 85 7 84
Columbus, 
OH 45 23 98 10 91 18 86 12 86
Columbus, 
OH 50 40 100 18 98 26 90 25 103
Columbus, 
OH 55 48 108 19 98 30 98 30 103
Columbus, 
OH 60 54 115 19 98 30 98 30 103
Columbus, 
OH 100 57 115 19 98 30 98 31 103
Corpus 
Christi, TX 5 0 13     0 7 0 12
Corpus 
Christi, TX 10 0 20 0 20 0 23 0 24
Corpus 
Christi, TX 15 0 31 0 40 0 37 0 41
Corpus 
Christi, TX 20 0 50 0 51 0 40 0 47
Corpus 
Christi, TX 25 0 60 0 59 0 52 0 50
Corpus 
Christi, TX 30 0 66 1 79 0 60 0 59
Corpus 
Christi, TX 35 0 68 1 79 0 65 0 66
Corpus 
Christi, TX 40 0 75 2 80 1 77 0 68
Corpus 45 1 76 4 82 1 77 1 78



Christi, TX 
Corpus 
Christi, TX 50 2 78 8 93 4 86 4 78
Corpus 
Christi, TX 55 3 86 8 93 7 104 5 79
Corpus 
Christi, TX 60 3 86 9 93 8 104 5 79
Corpus 
Christi, TX 100 3 86 9 93 8 104 8 102
Dallas/Ft 
Worth, TX 5 0 20 0 19 0 20 0 11
Dallas/Ft 
Worth, TX 10 0 32 0 32 0 35 0 37
Dallas/Ft 
Worth, TX 15 0 38 0 45 0 40 0 68
Dallas/Ft 
Worth, TX 20 0 55 0 54 0 48 0 68
Dallas/Ft 
Worth, TX 25 0 70 1 81 0 59 0 71
Dallas/Ft 
Worth, TX 30 1 86 1 81 1 77 2 81
Dallas/Ft 
Worth, TX 35 8 87 7 87 3 77 5 83
Dallas/Ft 
Worth, TX 40 17 97 19 96 7 86 12 96
Dallas/Ft 
Worth, TX 45 32 122 26 116 17 100 26 108
Dallas/Ft 
Worth, TX 50 37 122 33 121 24 116 38 108
Dallas/Ft 
Worth, TX 55 41 145 34 121 32 124 53 118
Dallas/Ft 
Worth, TX 60 41 145 34 121 33 124 58 118
Dallas/Ft 
Worth, TX 100 41 145 34 121 33 124 58 118
Dayton, 
OH 5 0 26 0 37 0 28 0 23
Dayton, 
OH 10 0 34 0 37 0 28 0 27



Dayton, 
OH 15 0 34 0 50 0 39 0 41
Dayton, 
OH 20 0 48 0 50 0 48 0 56
Dayton, 
OH 25 0 63 0 59 0 58 0 69
Dayton, 
OH 30 1 77 0 66 0 72 0 69
Dayton, 
OH 35 3 81 1 87 2 78 4 79
Dayton, 
OH 40 6 84 3 87 5 86 10 92
Dayton, 
OH 45 18 90 3 87 11 98 19 101
Dayton, 
OH 50 27 104 3 87 18 98 26 101
Dayton, 
OH 55 31 114 3 87 20 98 26 101
Dayton, 
OH 60 37 114 3 87 20 98 26 101
Dayton, 
OH 100 37 114 3 87 20 98 27 105
Denver, 
CO 5 0 28 0 29 0 30 0 32
Denver, 
CO 10 0 40 0 34 0 45 0 42
Denver, 
CO 15 0 44 0 52 0 45 0 47
Denver, 
CO 20 0 55 0 57 0 53 0 48
Denver, 
CO 25 0 61 0 64 0 59 0 52
Denver, 
CO 30 0 69 0 72 0 65 0 66
Denver, 
CO 35 2 79 1 80 1 77 2 77
Denver, 
CO 40 7 92 6 94 6 80 8 83
Denver, 45 9 92 7 94 16 92 11 88



CO 
Denver, 
CO 50 10 92 7 94 21 102 14 88
Denver, 
CO 55 10 92 7 94 21 102 14 88
Denver, 
CO 60 10 92 7 94 21 102 14 88
Denver, 
CO 100 10 92 7 94 21 102 14 88
Des 
Moines, IA 5 0 24 0 19 0 44 0 16
Des 
Moines, IA 10 0 31 0 25 0 44 0 35
Des 
Moines, IA 15 0 43 0 34 0 44 0 40
Des 
Moines, IA 20 0 52 0 40 0 50 0 52
Des 
Moines, IA 25 0 52 0 52 0 58 0 52
Des 
Moines, IA 30 0 63 0 64 0 73 0 54
Des 
Moines, IA 35 0 63 0 67 0 73 0 57
Des 
Moines, IA 40 0 63 0 71 0 73 0 57
Des 
Moines, IA 45 0 63 0 71 0 73 0 57
Des 
Moines, IA 50 0 63 5 80 0 73 0 57
Des 
Moines, IA 55 0 63 5 80 0 73 0 57
Des 
Moines, IA 60 0 63 5 80 0 73 0 57
Des 
Moines, IA 100 0 63 5 80 0 73 0 57
Detroit, MI 5 0 31 0 38 0 37 0 17
Detroit, MI 10 0 36 0 38 0 37 0 22
Detroit, MI 15 0 47 0 38 0 45 0 42
Detroit, MI 20 0 51 0 55 0 49 0 48



Detroit, MI 25 0 61 0 60 0 69 0 64
Detroit, MI 30 1 80 0 75 2 85 1 86
Detroit, MI 35 7 105 2 94 5 92 4 86
Detroit, MI 40 16 105 8 94 10 104 9 97
Detroit, MI 45 26 113 11 94 14 104 17 115
Detroit, MI 50 33 113 13 98 15 104 19 115
Detroit, MI 55 38 115 13 98 15 104 23 122
Detroit, MI 60 38 115 13 98 16 104 23 122
Detroit, MI 100 41 115 13 98 16 104 23 122
El Paso, 
TX 5 0 16 0 13 0 18 0 11
El Paso, 
TX 10 0 37 0 33 0 38 0 37
El Paso, 
TX 15 0 47 0 56 0 47 0 45
El Paso, 
TX 20 0 60 0 65 0 59 0 59
El Paso, 
TX 25 0 67 0 71 0 59 2 82
El Paso, 
TX 30 2 86 1 80 3 84 2 82
El Paso, 
TX 35 3 86 3 89 7 93 4 82
El Paso, 
TX 40 3 86 4 89 9 99 7 96
El Paso, 
TX 45 3 86 7 90 10 99 12 104
El Paso, 
TX 50 3 86 7 90 10 99 14 104
El Paso, 
TX 55 3 86 8 94 10 99 15 106
El Paso, 
TX 60 3 86 8 94 10 99 15 106
El Paso, 
TX 100 3 86 8 94 10 99 15 106
Evansville, 
IN 5 0 30 0 32 0 23 0 28
Evansville, 10 0 30 0 32 0 30 0 28



IN 
Evansville, 
IN 15 0 37 0 44 0 39 0 39
Evansville, 
IN 20 0 58 0 52 0 47 0 43
Evansville, 
IN 25 0 60 0 52 0 57 0 54
Evansville, 
IN 30 1 86 0 71 0 63 0 64
Evansville, 
IN 35 3 93 1 76 0 71 6 78
Evansville, 
IN 40 20 108 3 82 8 89 14 86
Evansville, 
IN 45 37 108 6 84 15 96 31 100
Evansville, 
IN 50 50 109 13 84 22 103 38 107
Evansville, 
IN 55 61 109 13 84 23 103 47 114
Evansville, 
IN 60 63 109 14 98 23 103 50 127
Evansville, 
IN 100 63 109 14 98 23 103 51 127
Fresno, 
CA 5 0 20 0 18 0 16 0 16
Fresno, 
CA 10 0 32 0 31 0 36 0 37
Fresno, 
CA 15 0 50 0 45 0 42 0 46
Fresno, 
CA 20 0 57 0 52 0 56 0 56
Fresno, 
CA 25 0 73 0 68 0 72 0 68
Fresno, 
CA 30 1 76 1 76 2 78 1 77
Fresno, 
CA 35 5 96 4 82 7 81 7 87
Fresno, 
CA 40 21 100 22 97 22 92 13 87



Fresno, 
CA 45 45 115 53 110 53 103 47 108
Fresno, 
CA 50 68 120 86 110 71 121 74 108
Fresno, 
CA 55 87 120 104 121 92 121 86 108
Fresno, 
CA 60 101 130 111 121 95 121 90 111
Fresno, 
CA 100 105 130 114 121 97 121 90 111
Ft. Wayne, 
IN 5 0 35 0 31 0 30 0 26
Ft. Wayne, 
IN 10 0 35 0 31 0 30 0 26
Ft. Wayne, 
IN 15 0 35 0 39 0 30 0 47
Ft. Wayne, 
IN 20 0 44 0 48 0 44 0 49
Ft. Wayne, 
IN 25 0 60 0 60 0 64 0 49
Ft. Wayne, 
IN 30 0 69 0 61 0 65 0 70
Ft. Wayne, 
IN 35 0 71 0 67 0 71 0 73
Ft. Wayne, 
IN 40 1 84 3 78 2 83 0 73
Ft. Wayne, 
IN 45 4 84 4 78 5 85 4 85
Ft. Wayne, 
IN 50 9 88 10 88 7 85 15 91
Ft. Wayne, 
IN 55 16 100 14 93 9 98 23 91
Ft. Wayne, 
IN 60 18 100 16 104 11 98 32 104
Ft. Wayne, 
IN 100 18 100 16 104 11 98 36 107
Grand 
Rapids, MI 5 0 31 0 37 0 38 0 21
Grand 10 0 31 0 37 0 38 0 21



Rapids, MI 
Grand 
Rapids, MI 15 0 40 0 39 0 38 0 35
Grand 
Rapids, MI 20 0 42 0 48 0 43 0 46
Grand 
Rapids, MI 25 0 52 0 51 0 47 0 59
Grand 
Rapids, MI 30 0 73 0 69 0 63 0 66
Grand 
Rapids, MI 35 1 85 0 70 0 67 0 74
Grand 
Rapids, MI 40 4 85 0 71 0 74 1 77
Grand 
Rapids, MI 45 8 87 3 86 1 77 2 77
Grand 
Rapids, MI 50 12 87 5 87 1 77 6 119
Grand 
Rapids, MI 55 16 90 7 92 3 83 12 119
Grand 
Rapids, MI 60 21 96 7 92 5 107 14 119
Grand 
Rapids, MI 100 28 121 8 92 6 107 16 119
Greensbor
o, NC 5 0 8 0 7 0 35 0 34
Greensbor
o, NC 10 0 19 0 17 0 35 0 34
Greensbor
o, NC 15 0 34 0 31 0 35 0 34
Greensbor
o, NC 20 0 49 0 52 0 41 0 37
Greensbor
o, NC 25 0 55 0 68 0 48 0 44
Greensbor
o, NC 30 0 68 0 68 0 61 0 65
Greensbor
o, NC 35 1 76 0 69 0 73 1 77
Greensbor
o, NC 40 4 92 0 73 3 79 2 86



Greensbor
o, NC 45 6 94 3 83 18 88 7 88
Greensbor
o, NC 50 8 94 3 83 32 94 16 93
Greensbor
o, NC 55 8 94 4 83 41 94 21 95
Greensbor
o, NC 60 9 94 4 83 43 96 28 95
Greensbor
o, NC 100 9 94 4 83 43 96 32 102
Honolulu, 
HI 5 0 36 0 10 0   0 21
Honolulu, 
HI 10 0 36 0 21 0   0 21
Honolulu, 
HI 15 0 36 0 35 0 24 0 27
Honolulu, 
HI 20 0 41 0 37 0 36 0 37
Honolulu, 
HI 25 0 46 0 46 0 42 0 41
Honolulu, 
HI 30 0 46 0 49 0 44 0 44
Honolulu, 
HI 35 0 46 0 49 0 51 0 49
Honolulu, 
HI 40 0 46 0 51 0 51 0 49
Honolulu, 
HI 45 0 46 0 51 0 51 0 54
Honolulu, 
HI 50 0 46 0 51 0 51 0 54
Honolulu, 
HI 55 0 46 0 51 0 51 0 54
Honolulu, 
HI 60 0 46 0 51 0 51 0 54
Honolulu, 
HI 100 0 46 0 51 0 51 0 54
Houston, 
TX 5 0 19 0 15 0 28 0 23
Houston, 10 0 42 0 37 0 35 0 40



TX 
Houston, 
TX 15 0 62 0 59 0 66 0 71
Houston, 
TX 20 3 78 0 74 1 90 0 73
Houston, 
TX 25 7 92 4 95 3 90 7 96
Houston, 
TX 30 19 106 13 107 7 96 21 119
Houston, 
TX 35 34 110 25 107 16 128 42 119
Houston, 
TX 40 46 143 37 112 30 128 56 128
Houston, 
TX 45 52 143 43 143 34 128 62 128
Houston, 
TX 50 57 159 47 159 39 128 66 137
Houston, 
TX 55 58 159 47 159 42 141 67 137
Houston, 
TX 60 59 159 48 159 42 141 69 137
Houston, 
TX 100 59 159 49 166 43 141 69 137
Huntsville, 
AL 5 0 45 0 11 0 2 0 27
Huntsville, 
AL 10 0 45 0 23 0 29 0 27
Huntsville, 
AL 15 0 45 0 40 0 35 0 43
Huntsville, 
AL 20 0 47 0 53 0 49 0 49
Huntsville, 
AL 25 0 56 0 56 0 58 0 62
Huntsville, 
AL 30 0 62 0 62 0 74 0 70
Huntsville, 
AL 35 1 79 0 69 0 74 0 74
Huntsville, 
AL 40 1 79 3 99 4 82 1 79



Huntsville, 
AL 45 5 85 9 99 8 93 1 79
Huntsville, 
AL 50 15 87 10 99 10 93 1 79
Huntsville, 
AL 55 19 87 13 99 12 93 2 101
Huntsville, 
AL 60 19 87 13 99 13 93 3 103
Huntsville, 
AL 100 19 87 13 99 16 119 3 103
Indianapoli
s, IN 5 0 32 0 29 0 32 0 23
Indianapoli
s, IN 10 0 32 0 29 0 32 0 23
Indianapoli
s, IN 15 0 32 0 42 0 32 0 29
Indianapoli
s, IN 20 0 41 0 42 0 49 0 40
Indianapoli
s, IN 25 0 58 0 56 0 60 0 63
Indianapoli
s, IN 30 0 67 0 64 0 66 0 73
Indianapoli
s, IN 35 0 75 0 74 0 75 0 75
Indianapoli
s, IN 40 6 84 1 76 8 90 6 84
Indianapoli
s, IN 45 14 107 5 101 13 90 21 90
Indianapoli
s, IN 50 23 107 8 101 18 93 30 104
Indianapoli
s, IN 55 27 107 12 101 25 94 39 104
Indianapoli
s, IN 60 29 107 12 101 26 94 44 104
Indianapoli
s, IN 100 29 107 13 101 28 102 45 104
Jackson, 
MS 5 0 37 0 19 0 16 0 34
Jackson, 10 0 37 0 19 0 21 0 34



MS 
Jackson, 
MS 15 0 37 0 31 0 35 0 42
Jackson, 
MS 20 0 47 0 43 0 47 0 44
Jackson, 
MS 25 0 53 0 50 0 53 0 52
Jackson, 
MS 30 0 61 0 62 0 61 0 62
Jackson, 
MS 35 1 76 0 65 0 63 0 67
Jackson, 
MS 40 1 76 1 78 0 66 0 73
Jackson, 
MS 45 2 82 1 78 3 84 5 84
Jackson, 
MS 50 3 82 2 78 4 84 6 84
Jackson, 
MS 55 3 82 3 78 4 84 6 84
Jackson, 
MS 60 3 82 3 78 4 84 6 84
Jackson, 
MS 100 3 82 3 78 4 84 6 84
Jacksonvill
e, FL 5 0 12             
Jacksonvill
e, FL 10 0 26 0 21 0 28 0 23
Jacksonvill
e, FL 15 0 44 0 38 0 41 0 37
Jacksonvill
e, FL 20 0 44 0 42 0 47 0 49
Jacksonvill
e, FL 25 0 50 0 51 0 53 0 57
Jacksonvill
e, FL 30 0 66 0 57 0 71 0 70
Jacksonvill
e, FL 35 1 76 0 75 0 72 0 75
Jacksonvill
e, FL 40 1 76 0 75 6 82 2 80



Jacksonvill
e, FL 45 2 78 0 75 9 87 3 93
Jacksonvill
e, FL 50 2 78 1 82 9 87 3 93
Jacksonvill
e, FL 55 3 78 6 90 13 87 3 93
Jacksonvill
e, FL 60 4 78 7 90 15 92 7 98
Jacksonvill
e, FL 100 4 78 7 90 15 92 7 98
Johnstown
, PA 5 0 21 0 20 0 22 0 11
Johnstown
, PA 10 0 30 0 27 0 28 0 28
Johnstown
, PA 15 0 42 0 37 0 40 0 38
Johnstown
, PA 20 0 48 0 55 0 47 0 46
Johnstown
, PA 25 0 60 0 57 0 56 0 58
Johnstown
, PA 30 0 66 0 66 0 64 0 71
Johnstown
, PA 35 0 73 0 69 0 70 0 74
Johnstown
, PA 40 3 80 1 76 5 84 2 81
Johnstown
, PA 45 7 87 1 76 9 84 6 86
Johnstown
, PA 50 13 91 3 83 11 84 8 86
Johnstown
, PA 55 13 91 3 83 13 92 9 91
Johnstown
, PA 60 18 100 3 83 14 92 9 91
Johnstown
, PA 100 19 100 3 83 14 92 9 91
Kansas 
City, MO 5 0 15 0 22 0 15 0 9
Kansas 10 0 41 0 32 0 37 0 28



City, MO 
Kansas 
City, MO 15 0 41 0 36 0 39 0 41
Kansas 
City, MO 20 0 53 0 51 0 49 0 58
Kansas 
City, MO 25 0 56 0 60 0 55 0 58
Kansas 
City, MO 30 0 68 0 64 0 64 0 66
Kansas 
City, MO 35 1 77 0 70 0 70 0 71
Kansas 
City, MO 40 6 89 0 71 4 82 2 83
Kansas 
City, MO 45 13 101 1 76 11 104 12 92
Kansas 
City, MO 50 21 101 3 81 14 104 18 96
Kansas 
City, MO 55 25 101 5 84 14 104 23 103
Kansas 
City, MO 60 27 101 7 102 14 104 24 103
Kansas 
City, MO 100 27 101 7 102 14 104 24 103
Kingston, 
NY 5 0   0   0 32 0 27
Kingston, 
NY 10 0 24 0 18 0 32 0 27
Kingston, 
NY 15 0 24 0 25 0 32 0 27
Kingston, 
NY 20 0 35 0 35 0 34 0 34
Kingston, 
NY 25 0 39 0 38 0 39 0 37
Kingston, 
NY 30 0 48 0 46 0 49 0 46
Kingston, 
NY 35 0 58 0 53 0 60 0 59
Kingston, 
NY 40 0 67 0 70 0 68 0 59



Kingston, 
NY 45 0 71 0 70 0 73 0 71
Kingston, 
NY 50 0 75 0 71 1 76 2 80
Kingston, 
NY 55 2 79 1 90 3 87 3 80
Kingston, 
NY 60 10 93 1 90 4 87 7 83
Kingston, 
NY 100 22 98 7 93 16 104 10 83
Knoxville, 
TN 5 0 7 0 39 0 6 0   
Knoxville, 
TN 10 0 18 0 39 0 23 0 18
Knoxville, 
TN 15 0 25 0 39 0 45 0 29
Knoxville, 
TN 20 0 55 0 55 0 45 0 58
Knoxville, 
TN 25 0 55 0 55 0 55 0 63
Knoxville, 
TN 30 0 68 0 73 0 65 1 77
Knoxville, 
TN 35 1 76 0 73 1 79 3 82
Knoxville, 
TN 40 1 76 1 82 2 79 11 93
Knoxville, 
TN 45 9 86 4 82 18 89 21 96
Knoxville, 
TN 50 23 90 9 94 35 100 30 96
Knoxville, 
TN 55 27 90 13 94 43 105 32 96
Knoxville, 
TN 60 28 96 15 94 45 105 32 96
Knoxville, 
TN 100 28 96 15 94 46 105 34 109
Lafayette, 
LA 5 0 20 0 8 0 16 0 10
Lafayette, 10 0 26 0 31 0 34 0 25



LA 
Lafayette, 
LA 15 0 36 0 38 0 39 0 36
Lafayette, 
LA 20 0 53 0 48 0 48 0 44
Lafayette, 
LA 25 0 57 0 59 0 56 0 58
Lafayette, 
LA 30 0 61 0 65 0 60 0 74
Lafayette, 
LA 35 0 74 0 68 0 70 0 74
Lafayette, 
LA 40 0 74 1 78 1 76 1 83
Lafayette, 
LA 45 1 77 2 82 1 76 4 83
Lafayette, 
LA 50 1 77 3 82 1 76 6 83
Lafayette, 
LA 55 1 77 4 82 2 80 8 83
Lafayette, 
LA 60 1 77 4 82 2 80 9 84
Lafayette, 
LA 100 1 77 5 110 2 80 10 94
Lake 
Charles, 
LA 5 0 10     0 9     
Lake 
Charles, 
LA 10 0 22 0 23 0 19 0 23
Lake 
Charles, 
LA 15 0 54 0 39 0 46 0 45
Lake 
Charles, 
LA 20 0 60 0 61 0 60 0 58
Lake 
Charles, 
LA 25 1 76 0 61 0 72 0 68
Lake 30 1 76 1 84 2 95 0 68



Charles, 
LA 
Lake 
Charles, 
LA 35 8 92 5 84 6 95 2 92
Lake 
Charles, 
LA 40 16 96 9 88 11 95 5 97
Lake 
Charles, 
LA 45 21 116 11 88 14 116 7 97
Lake 
Charles, 
LA 50 22 116 14 93 16 116 7 97
Lake 
Charles, 
LA 55 22 116 14 93 18 116 8 97
Lake 
Charles, 
LA 60 22 116 14 93 18 116 8 97
Lake 
Charles, 
LA 100 22 116 14 93 18 116 8 97
Las 
Vegas, NV 5 0 36 0 9 0 15 0 11
Las 
Vegas, NV 10 0 37 0 52 0 32 0 26
Las 
Vegas, NV 15 0 45 0 52 0 47 0 39
Las 
Vegas, NV 20 0 56 0 55 0 52 0 53
Las 
Vegas, NV 25 0 63 0 61 0 62 0 69
Las 
Vegas, NV 30 0 71 0 71 0 75 0 69
Las 
Vegas, NV 35 0 74 0 75 0 75 0 75
Las 
Vegas, NV 40 0 74 4 85 0 75 3 82



Las 
Vegas, NV 45 0 75 11 86 2 82 7 88
Las 
Vegas, NV 50 0 75 12 86 3 88 9 88
Las 
Vegas, NV 55 0 75 12 86 3 88 11 88
Las 
Vegas, NV 60 0 75 13 86 7 91 15 88
Las 
Vegas, NV 100 0 75 14 86 7 91 23 88
Lexington, 
KY 5 0 28 0 29 0 24 0 13
Lexington, 
KY 10 0 28 0 29 0 24 0 26
Lexington, 
KY 15 0 33 0 38 0 36 0 36
Lexington, 
KY 20 0 47 0 42 0 51 0 41
Lexington, 
KY 25 0 54 0 59 0 55 0 52
Lexington, 
KY 30 0 61 0 62 0 64 0 68
Lexington, 
KY 35 0 68 0 63 0 69 0 71
Lexington, 
KY 40 0 69 0 68 4 79 0 75
Lexington, 
KY 45 1 80 0 75 11 86 4 82
Lexington, 
KY 50 5 88 0 75 16 86 15 91
Lexington, 
KY 55 8 100 1 83 18 90 18 91
Lexington, 
KY 60 8 100 1 83 20 104 18 91
Lexington, 
KY 100 8 100 1 83 20 104 24 104
Lincoln, 
NE 5 0   0 32 0 20 0 37
Lincoln, 10 0   0 32 0 20 0 37



NE 
Lincoln, 
NE 15 0 25 0 32 0 29 0 37
Lincoln, 
NE 20 0 35 0 37 0 38 0 37
Lincoln, 
NE 25 0 43 0 41 0 41 0 47
Lincoln, 
NE 30 0 45 0 54 0 46 0 49
Lincoln, 
NE 35 0 54 0 57 0 50 0 55
Lincoln, 
NE 40 0 60 0 63 0 50 0 57
Lincoln, 
NE 45 0 60 0 69 0 52 0 71
Lincoln, 
NE 50 0 62 0 70 0 52 0 71
Lincoln, 
NE 55 0 62 0 70 0 52 0 71
Lincoln, 
NE 60 0 62 0 70 0 52 0 71
Lincoln, 
NE 100 0 62 0 70 0 52 0 71
Little 
Rock, AR 5 0 17 0 19 0 23 0 16
Little 
Rock, AR 10 0 26 0 31 0 26 0 21
Little 
Rock, AR 15 0 31 0 33 0 33 0 32
Little 
Rock, AR 20 0 43 0 38 0 43 0 38
Little 
Rock, AR 25 0 57 0 52 0 49 0 50
Little 
Rock, AR 30 0 64 0 57 0 57 0 58
Little 
Rock, AR 35 1 76 0 63 0 66 0 65
Little 
Rock, AR 40 1 76 0 69 0 69 3 81



Little 
Rock, AR 45 2 77 2 78 1 85 4 81
Little 
Rock, AR 50 5 78 3 78 4 88 7 87
Little 
Rock, AR 55 11 91 7 79 4 88 8 87
Little 
Rock, AR 60 14 91 7 79 4 88 8 87
Little 
Rock, AR 100 14 91 7 79 4 88 8 87
Los 
Angeles, 
CA 5 0 23 0 31 0 25 0 33
Los 
Angeles, 
CA 10 0 44 0 38 0 42 0 43
Los 
Angeles, 
CA 15 0 66 0 65 0 55 0 60
Los 
Angeles, 
CA 20 3 92 2 80 1 78 0 74
Los 
Angeles, 
CA 25 14 101 15 98 7 97 4 125
Los 
Angeles, 
CA 30 39 131 47 131 34 133 28 130
Los 
Angeles, 
CA 35 77 171 87 168 75 138 66 192
Los 
Angeles, 
CA 40 115 183 123 168 108 166 102 192
Los 
Angeles, 
CA 45 133 183 147 182 125 185 122 192
Los 
Angeles, 
CA 50 138 183 160 183 135 185 130 192



Los 
Angeles, 
CA 55 145 183 162 183 139 185 132 208
Los 
Angeles, 
CA 60 147 183 164 218 139 185 134 208
Los 
Angeles, 
CA 100 148 183 166 218 139 185 134 208
Louisville, 
KY 5 0 22 0 15 0 29 0 15
Louisville, 
KY 10 0 31 0 34 0 29 0 23
Louisville, 
KY 15 0 43 0 47 0 36 0 40
Louisville, 
KY 20 0 65 0 52 0 57 0 49
Louisville, 
KY 25 0 66 0 69 0 69 0 66
Louisville, 
KY 30 1 91 0 74 1 76 0 74
Louisville, 
KY 35 4 91 0 75 9 96 6 93
Louisville, 
KY 40 13 91 4 88 20 100 23 97
Louisville, 
KY 45 26 104 6 99 32 114 37 113
Louisville, 
KY 50 32 133 6 99 34 114 43 113
Louisville, 
KY 55 33 133 6 99 34 114 45 113
Louisville, 
KY 60 33 133 6 99 34 114 47 125
Louisville, 
KY 100 33 133 6 99 34 114 47 125
Madison, 
WI 5 0   0 37 0 32 0 25
Madison, 
WI 10 0 18 0 37 0 32 0 25



Madison, 
WI 15 0 27 0 37 0 32 0 31
Madison, 
WI 20 0 44 0 37 0 38 0 35
Madison, 
WI 25 0 51 0 44 0 40 0 47
Madison, 
WI 30 0 58 0 55 0 53 0 49
Madison, 
WI 35 0 64 0 62 0 54 0 55
Madison, 
WI 40 0 65 0 66 0 71 0 65
Madison, 
WI 45 1 78 0 72 0 71 0 65
Madison, 
WI 50 4 89 2 77 0 71 1 76
Madison, 
WI 55 9 94 6 79 1 82 1 76
Madison, 
WI 60 13 94 11 87 1 82 1 76
Madison, 
WI 100 14 94 13 87 1 82 1 76
Memphis, 
TN 5 0 19 0 17 0 11 0 22
Memphis, 
TN 10 0 22 0 24 0 25 0 26
Memphis, 
TN 15 0 43 0 36 0 43 0 34
Memphis, 
TN 20 0 56 0 42 0 51 0 47
Memphis, 
TN 25 0 58 0 65 0 69 0 68
Memphis, 
TN 30 0 72 1 80 0 69 2 84
Memphis, 
TN 35 2 83 3 90 5 96 5 85
Memphis, 
TN 40 6 95 8 104 17 107 16 90
Memphis, 45 14 108 16 104 22 107 27 90



TN 
Memphis, 
TN 50 25 108 24 104 27 107 33 95
Memphis, 
TN 55 29 108 27 104 29 107 36 95
Memphis, 
TN 60 30 108 27 104 29 107 37 97
Memphis, 
TN 100 30 108 27 104 29 107 37 97
Miami, FL 10 0 22 0 30 0 23 0 22
Miami, FL 15 0 43 0 49 0 41 0 41
Miami, FL 20 0 58 0 53 0 56 0 67
Miami, FL 25 0 59 1 80 0 63 0 67
Miami, FL 30 2 85 1 80 3 91 0 69
Miami, FL 35 2 85 3 80 4 91 0 69
Miami, FL 40 2 85 7 89 4 91 4 92
Miami, FL 45 4 85 9 97 6 91 5 92
Miami, FL 50 4 85 11 97 9 102 6 92
Miami, FL 55 4 85 11 97 11 102 6 92
Miami, FL 60 4 85 11 97 12 102 6 92
Miami, FL 100 4 85 11 97 13 102 6 92
Milwaukee
, WI 5 0 29 0 37 0 38 0 25
Milwaukee
, WI 10 0 31 0 37 0 38 0 28
Milwaukee
, WI 15 0 59 0 40 0 38 0 38
Milwaukee
, WI 20 0 59 0 43 0 48 0 45
Milwaukee
, WI 25 0 66 0 58 0 48 0 49
Milwaukee
, WI 30 0 70 0 66 0 56 0 66
Milwaukee
, WI 35 1 76 0 75 0 66 0 68
Milwaukee
, WI 40 5 89 1 77 0 75 3 86
Milwaukee 45 7 89 6 79 3 95 10 95



, WI 
Milwaukee
, WI 50 22 111 7 82 8 101 14 95
Milwaukee
, WI 55 31 121 13 96 10 101 16 95
Milwaukee
, WI 60 36 121 15 97 11 101 20 148
Milwaukee
, WI 100 41 142 15 97 12 101 20 148
Mobile, AL 5 0 10 0 33 0 12 0 11
Mobile, AL 10 0 34 0 33 0 36 0 26
Mobile, AL 15 0 53 0 37 0 42 0 50
Mobile, AL 20 0 61 0 54 0 60 0 53
Mobile, AL 25 0 62 0 65 0 61 0 64
Mobile, AL 30 1 99 0 71 0 68 0 69
Mobile, AL 35 1 99 0 73 0 75 1 77
Mobile, AL 40 1 99 3 85 0 75 1 77
Mobile, AL 45 1 99 4 85 0 75 1 77
Mobile, AL 50 1 99 5 85 0 75 2 78
Mobile, AL 55 1 99 5 85 0 75 3 78
Mobile, AL 60 1 99 5 85 0 75 3 78
Mobile, AL 100 1 99 5 85 0 75 3 78
Modesto, 
CA 5 0 10 0 15 0 16 0 19
Modesto, 
CA 10 0 28 0 28 0 27 0 33
Modesto, 
CA 15 0 38 0 36 0 40 0 39
Modesto, 
CA 20 0 45 0 56 0 47 0 53
Modesto, 
CA 25 0 65 0 63 0 55 0 64
Modesto, 
CA 30 1 78 2 81 0 62 0 68
Modesto, 
CA 35 6 84 6 83 1 76 2 78
Modesto, 
CA 40 18 95 14 88 8 83 10 82



Modesto, 
CA 45 32 95 29 90 16 94 21 94
Modesto, 
CA 50 38 95 40 102 21 94 28 100
Modesto, 
CA 55 40 102 42 102 27 106 31 100
Modesto, 
CA 60 40 102 42 102 28 108 31 100
Modesto, 
CA 100 40 102 42 102 28 108 31 100
Muskegon
, MI 5 0 33 0 40 0 37 0 28
Muskegon
, MI 10 0 33 0 40 0 37 0 28
Muskegon
, MI 15 0 33 0 40 0 39 0 41
Muskegon
, MI 20 0 45 0 47 0 47 0 51
Muskegon
, MI 25 0 56 0 52 0 54 0 55
Muskegon
, MI 30 0 71 0 66 0 65 0 61
Muskegon
, MI 35 0 71 0 72 0 66 0 70
Muskegon
, MI 40 1 79 1 82 0 74 1 87
Muskegon
, MI 45 9 91 4 82 1 82 2 91
Muskegon
, MI 50 15 93 5 84 3 82 5 91
Muskegon
, MI 55 20 95 7 95 4 109 12 91
Muskegon
, MI 60 25 105 8 99 6 109 14 91
Muskegon
, MI 100 38 128 11 112 8 109 20 105
Nashville, 
TN 5 0 20 0 18 0 20 0 18
Nashville, 10 0 30 0 32 0 35 0 34



TN 
Nashville, 
TN 15 0 37 0 54 0 42 0 41
Nashville, 
TN 20 0 56 0 57 0 49 0 51
Nashville, 
TN 25 0 67 1 83 0 65 0 73
Nashville, 
TN 30 5 99 2 83 3 83 3 80
Nashville, 
TN 35 15 99 7 89 15 93 15 98
Nashville, 
TN 40 24 99 12 107 31 105 33 105
Nashville, 
TN 45 33 106 14 107 39 105 36 105
Nashville, 
TN 50 37 110 15 107 40 105 38 105
Nashville, 
TN 55 37 110 15 107 40 105 39 105
Nashville, 
TN 60 37 110 15 107 40 105 39 105
Nashville, 
TN 100 37 110 15 107 40 105 39 105
New 
Orleans, 
LA 5 0 12 0 13 0 16     
New 
Orleans, 
LA 10 0 30 0 34 0 25 0 26
New 
Orleans, 
LA 15 0 51 0 48 0 50 0 39
New 
Orleans, 
LA 20 0 61 0 61 0 57 0 53
New 
Orleans, 
LA 25 0 63 0 67 0 66 0 61
New 30 0 74 0 75 1 89 2 82



Orleans, 
LA 
New 
Orleans, 
LA 35 0 74 1 86 5 102 4 93
New 
Orleans, 
LA 40 1 91 3 90 7 102 8 93
New 
Orleans, 
LA 45 3 91 8 90 12 102 12 108
New 
Orleans, 
LA 50 5 91 11 90 15 102 16 108
New 
Orleans, 
LA 55 5 91 13 104 15 102 18 108
New 
Orleans, 
LA 60 5 91 13 104 15 102 18 108
New 
Orleans, 
LA 100 5 91 13 104 15 102 19 108
New York 
City, NY 5 0 26 0 32 0 34 0 35
New York 
City, NY 10 0 43 0 51 0 39 0 41
New York 
City, NY 15 1 76 0 71 0 62 0 55
New York 
City, NY 20 1 76 0 71 0 62 0 65
New York 
City, NY 25 2 78 0 71 0 70 1 87
New York 
City, NY 30 8 96 3 88 4 100 4 91
New York 
City, NY 35 25 96 18 107 14 100 12 107
New York 
City, NY 40 39 107 28 107 32 116 27 110



New York 
City, NY 45 58 130 36 107 43 116 42 110
New York 
City, NY 50 65 130 40 108 54 125 53 129
New York 
City, NY 55 69 130 42 108 60 125 56 129
New York 
City, NY 60 76 144 43 126 61 150 56 129
New York 
City, NY 100 81 144 43 126 61 150 57 129
Oakland, 
CA 5 0 25     0 20 0 26
Oakland, 
CA 10 0 45 0 37 0 37 0 45
Oakland, 
CA 15 0 56 0 48 0 50 0 60
Oakland, 
CA 20 1 77 0 70 0 70 1 77
Oakland, 
CA 25 6 92 3 82 5 82 5 82
Oakland, 
CA 30 13 92 6 88 9 82 6 88
Oakland, 
CA 35 13 92 9 92 11 95 8 97
Oakland, 
CA 40 13 92 10 92 13 102 8 97
Oakland, 
CA 45 13 92 10 92 13 102 8 97
Oakland, 
CA 50 13 92 10 92 13 102 8 97
Oakland, 
CA 55 13 92 10 92 13 102 8 97
Oakland, 
CA 60 13 92 10 92 13 102 8 97
Oakland, 
CA 100 13 92 10 92 13 102 8 97
Oklahoma 
City, OK 5 0 12 0 23 0 13 0 17
Oklahoma 10 0 22 0 35 0 31 0 26



City, OK 
Oklahoma 
City, OK 15 0 36 0 43 0 42 0 39
Oklahoma 
City, OK 20 0 45 0 52 0 52 0 46
Oklahoma 
City, OK 25 0 49 0 59 0 59 0 56
Oklahoma 
City, OK 30 0 66 0 62 0 61 0 64
Oklahoma 
City, OK 35 0 74 1 80 0 68 0 72
Oklahoma 
City, OK 40 0 74 3 97 1 76 2 78
Oklahoma 
City, OK 45 6 90 5 97 3 82 9 82
Oklahoma 
City, OK 50 6 90 6 97 4 82 13 86
Oklahoma 
City, OK 55 10 95 6 97 7 91 18 92
Oklahoma 
City, OK 60 11 95 7 97 7 91 21 92
Oklahoma 
City, OK 100 12 95 8 97 7 91 21 92
Omaha, 
NE 5 0 11 0 24 0 11 0 25
Omaha, 
NE 10 0 25 0 32 0 35 0 26
Omaha, 
NE 15 0 37 0 36 0 44 0 35
Omaha, 
NE 20 0 45 0 51 0 49 0 48
Omaha, 
NE 25 0 55 0 58 0 49 0 51
Omaha, 
NE 30 0 59 0 65 0 59 0 59
Omaha, 
NE 35 0 70 1 79 0 59 0 62
Omaha, 
NE 40 0 70 1 79 0 59 0 74



Omaha, 
NE 45 0 73 1 79 0 59 0 74
Omaha, 
NE 50 0 75 1 79 0 59 0 74
Omaha, 
NE 55 0 75 1 79 0 59 0 74
Omaha, 
NE 60 0 75 1 79 0 59 0 74
Omaha, 
NE 100 0 75 1 79 0 59 0 74
Orlando, 
FL 5             0 11
Orlando, 
FL 10 0 23 0 30 0 28 0 29
Orlando, 
FL 15 0 36 0 39 0 39 0 47
Orlando, 
FL 20 0 57 0 48 0 53 0 48
Orlando, 
FL 25 0 62 0 63 0 62 0 60
Orlando, 
FL 30 0 66 0 71 0 72 0 67
Orlando, 
FL 35 0 72 0 71 1 78 0 73
Orlando, 
FL 40 0 75 1 76 4 85 1 83
Orlando, 
FL 45 0 75 1 76 6 85 3 83
Orlando, 
FL 50 2 89 6 91 9 87 5 90
Orlando, 
FL 55 2 89 9 105 12 89 5 90
Orlando, 
FL 60 2 89 10 105 12 89 7 90
Orlando, 
FL 100 2 89 10 105 12 89 7 90
Philadelph
ia, PA 5 0 27 0 26 0 30 0 27
Philadelph 10 0 38 0 43 0 41 0 36



ia, PA 
Philadelph
ia, PA 15 0 44 0 46 0 63 0 51
Philadelph
ia, PA 20 0 56 0 58 0 63 0 61
Philadelph
ia, PA 25 0 66 0 70 0 69 0 69
Philadelph
ia, PA 30 1 77 1 78 2 93 0 72
Philadelph
ia, PA 35 4 97 10 86 11 96 2 79
Philadelph
ia, PA 40 27 110 16 87 31 121 13 101
Philadelph
ia, PA 45 43 110 30 101 42 121 34 115
Philadelph
ia, PA 50 58 120 36 103 55 121 47 115
Philadelph
ia, PA 55 66 120 41 109 69 124 55 120
Philadelph
ia, PA 60 69 122 42 126 74 124 55 120
Philadelph
ia, PA 100 77 140 43 126 76 127 55 120
Phoenix, 
AZ 5 0 28 0 14 0 21     
Phoenix, 
AZ 10 0 40 0 45 0 39 0 31
Phoenix, 
AZ 15 0 50 0 45 0 44 0 46
Phoenix, 
AZ 20 0 69 0 63 0 56 0 52
Phoenix, 
AZ 25 1 80 0 66 0 66 0 62
Phoenix, 
AZ 30 6 87 2 84 4 83 2 84
Phoenix, 
AZ 35 19 94 18 85 18 94 6 96
Phoenix, 
AZ 40 29 96 33 92 36 97 24 96



Phoenix, 
AZ 45 32 96 42 102 43 105 31 96
Phoenix, 
AZ 50 33 96 48 114 46 105 40 96
Phoenix, 
AZ 55 33 96 48 114 46 105 40 96
Phoenix, 
AZ 60 33 96 48 114 46 105 40 96
Phoenix, 
AZ 100 33 96 48 114 46 105 40 96
Pittsburgh, 
PA 5 0 30 0 25 0 30 0 19
Pittsburgh, 
PA 10 0 37 0 36 0 35 0 33
Pittsburgh, 
PA 15 0 52 0 44 0 43 0 40
Pittsburgh, 
PA 20 0 52 0 61 0 52 0 60
Pittsburgh, 
PA 25 0 63 0 69 0 66 0 65
Pittsburgh, 
PA 30 1 77 0 72 1 85 2 76
Pittsburgh, 
PA 35 7 88 0 75 10 87 4 84
Pittsburgh, 
PA 40 19 93 6 92 23 95 14 96
Pittsburgh, 
PA 45 30 99 10 98 29 95 25 96
Pittsburgh, 
PA 50 40 109 11 98 38 112 32 108
Pittsburgh, 
PA 55 46 109 11 98 38 112 38 110
Pittsburgh, 
PA 60 47 109 11 98 38 112 39 110
Pittsburgh, 
PA 100 47 109 11 98 38 112 39 110
Portland, 
OR 5 0 19 0 26 0 13 0 22
Portland, 10 0 24 0 28 0 26 0 27



OR 
Portland, 
OR 15 0 48 0 39 0 46 0 36
Portland, 
OR 20 0 52 0 49 0 46 0 51
Portland, 
OR 25 0 74 0 58 0 62 0 65
Portland, 
OR 30 0 74 0 71 0 67 0 65
Portland, 
OR 35 1 76 0 75 0 67 2 84
Portland, 
OR 40 3 100 4 96 1 78 3 84
Portland, 
OR 45 4 100 7 97 1 78 3 84
Portland, 
OR 50 4 100 9 98 1 78 4 111
Portland, 
OR 55 4 100 9 98 1 78 4 111
Portland, 
OR 60 4 100 9 98 1 78 4 111
Portland, 
OR 100 4 100 9 98 1 78 4 111
Providenc
e, RI 5 0 32 0 10 0 42 0 32
Providenc
e, RI 10 0 32 0 27 0 42 0 32
Providenc
e, RI 15 0 52 0 52 0 42 0 36
Providenc
e, RI 20 0 52 0 52 0 47 0 45
Providenc
e, RI 25 0 57 0 62 0 52 0 54
Providenc
e, RI 30 0 64 0 63 0 65 0 72
Providenc
e, RI 35 0 69 1 80 0 75 1 83
Providenc
e, RI 40 5 90 2 80 1 78 3 98



Providenc
e, RI 45 14 101 7 87 7 94 8 98
Providenc
e, RI 50 21 101 12 96 11 99 13 98
Providenc
e, RI 55 24 104 16 96 12 100 22 108
Providenc
e, RI 60 30 126 17 98 14 100 23 108
Providenc
e, RI 100 34 144 19 105 15 107 25 123
Raleigh, 
NC 5 0 5 0 3 0 36 0 24
Raleigh, 
NC 10 0 5 0 22 0 36 0 24
Raleigh, 
NC 15 0 32 0 39 0 36 0 33
Raleigh, 
NC 20 0 51 0 48 0 41 0 45
Raleigh, 
NC 25 0 56 0 55 1 79 0 51
Raleigh, 
NC 30 0 66 1 80 1 79 0 64
Raleigh, 
NC 35 0 74 2 82 2 87 0 72
Raleigh, 
NC 40 1 87 5 82 3 87 3 79
Raleigh, 
NC 45 6 87 11 84 11 88 12 94
Raleigh, 
NC 50 9 90 11 84 23 102 21 94
Raleigh, 
NC 55 17 97 11 84 38 102 27 94
Raleigh, 
NC 60 18 97 11 84 40 102 32 94
Raleigh, 
NC 100 18 97 11 84 42 102 37 104
Riverside, 
CA 10 0 44     0 42     
Riverside, 15 0 64 0 48 0 60 0 45



CA 
Riverside, 
CA 20 1 77 0 60 1 76 0 61
Riverside, 
CA 25 1 77 0 65 3 87 0 61
Riverside, 
CA 30 4 90 2 88 11 103 0 72
Riverside, 
CA 35 19 112 20 93 22 116 8 101
Riverside, 
CA 40 27 136 37 113 41 120 26 118
Riverside, 
CA 45 50 175 62 135 76 132 48 122
Riverside, 
CA 50 82 175 103 163 108 143 73 135
Riverside, 
CA 55 111 175 132 163 140 158 107 159
Riverside, 
CA 60 138 175 162 195 163 195 136 179
Riverside, 
CA 100 179 203 191 211 188 195 172 208
Rochester, 
NY 5 0 16 0 30 0 22 0 9
Rochester, 
NY 10 0 34 0 30 0 29 0 26
Rochester, 
NY 15 0 34 0 35 0 47 0 32
Rochester, 
NY 20 0 42 0 43 0 47 0 40
Rochester, 
NY 25 0 45 0 48 0 49 0 47
Rochester, 
NY 30 0 54 0 49 0 60 0 56
Rochester, 
NY 35 0 70 0 66 0 71 0 63
Rochester, 
NY 40 0 70 0 66 1 81 0 72
Rochester, 
NY 45 1 78 0 69 2 81 2 86



Rochester, 
NY 50 6 87 1 91 3 82 7 86
Rochester, 
NY 55 9 93 2 91 4 84 9 86
Rochester, 
NY 60 11 93 4 91 6 84 9 86
Rochester, 
NY 100 25 114 5 91 7 84 10 86
Sacrament
o, CA 5                 
Sacrament
o, CA 10 0 30 0 27 0 38 0 46
Sacrament
o, CA 15 0 48 0 51 0 48 0 50
Sacrament
o, CA 20 0 58 0 53 0 55 0 51
Sacrament
o, CA 25 0 66 0 65 0 67 0 63
Sacrament
o, CA 30 1 90 0 72 0 72 0 74
Sacrament
o, CA 35 20 98 4 85 9 90 10 87
Sacrament
o, CA 40 46 113 26 98 28 104 39 97
Sacrament
o, CA 45 70 140 57 101 39 118 60 106
Sacrament
o, CA 50 83 140 80 122 48 120 70 117
Sacrament
o, CA 55 83 140 89 122 48 120 73 121
Sacrament
o, CA 60 84 140 90 122 48 120 73 121
Sacrament
o, CA 100 84 140 90 122 48 120 73 121
Salt Lake 
City, UT 5 0 21 0 20 0 14 0 31
Salt Lake 
City, UT 10 0 39 0 33 0 19 0 31
Salt Lake 15 0 44 0 50 0 40 0 31



City, UT 
Salt Lake 
City, UT 20 0 57 0 52 0 55 0 41
Salt Lake 
City, UT 25 1 76 0 63 0 59 0 56
Salt Lake 
City, UT 30 2 76 1 76 0 69 2 79
Salt Lake 
City, UT 35 3 85 2 76 1 78 6 86
Salt Lake 
City, UT 40 6 89 2 76 2 85 13 94
Salt Lake 
City, UT 45 9 89 3 76 5 94 23 94
Salt Lake 
City, UT 50 9 89 3 76 5 94 25 94
Salt Lake 
City, UT 55 9 89 3 76 5 94 27 94
Salt Lake 
City, UT 60 9 89 3 76 5 94 28 94
Salt Lake 
City, UT 100 9 89 3 76 5 94 28 94
San 
Antonio, 
TX 5 0 20 0 22 0 14 0 13
San 
Antonio, 
TX 10 0 30 0 30 0 26 0 30
San 
Antonio, 
TX 15 0 38 0 37 0 50 0 42
San 
Antonio, 
TX 20 0 56 0 46 0 50 0 47
San 
Antonio, 
TX 25 0 61 0 57 0 63 0 61
San 
Antonio, 
TX 30 0 65 0 73 0 74 0 66



San 
Antonio, 
TX 35 0 71 0 73 1 78 1 76
San 
Antonio, 
TX 40 3 85 1 79 2 78 3 80
San 
Antonio, 
TX 45 9 86 2 79 8 91 6 92
San 
Antonio, 
TX 50 10 86 4 83 9 91 9 103
San 
Antonio, 
TX 55 10 86 5 89 9 91 9 103
San 
Antonio, 
TX 60 12 93 5 89 9 91 9 103
San 
Antonio, 
TX 100 12 93 5 89 9 91 11 103
San 
Diego, CA 5                 
San 
Diego, CA 10 0 32 0 32 0 34 0 35
San 
Diego, CA 15 0 41 0 46 0 47 0 47
San 
Diego, CA 20 0 52 0 50 0 69 0 67
San 
Diego, CA 25 0 71 1 76 2 76 3 84
San 
Diego, CA 30 2 78 5 100 12 92 21 107
San 
Diego, CA 35 18 93 34 100 33 103 42 107
San 
Diego, CA 40 44 122 63 110 60 112 68 107
San 
Diego, CA 45 71 127 80 111 70 119 79 121



San 
Diego, CA 50 90 145 89 117 83 131 87 121
San 
Diego, CA 55 106 145 96 117 88 131 89 121
San 
Diego, CA 60 110 145 101 117 91 154 90 121
San 
Diego, CA 100 112 145 105 133 91 154 90 121
San Jose, 
CA 5 0 10         0 34
San Jose, 
CA 10 0 41 0 40 0 45 0 45
San Jose, 
CA 15 0 60 0 53 0 57 0 61
San Jose, 
CA 20 0 72 0 66 0 68 0 75
San Jose, 
CA 25 4 84 4 89 0 75 6 80
San Jose, 
CA 30 10 107 14 91 8 87 9 80
San Jose, 
CA 35 14 107 19 91 14 87 12 90
San Jose, 
CA 40 18 107 19 91 17 87 14 95
San Jose, 
CA 45 19 108 22 101 20 91 14 95
San Jose, 
CA 50 19 108 22 101 22 112 14 95
San Jose, 
CA 55 19 108 22 101 22 112 14 95
San Jose, 
CA 60 19 108 22 101 22 112 14 95
San Jose, 
CA 100 19 108 22 101 22 112 14 95
Seattle, 
WA 5 0 32 0 22 0 28 0 10
Seattle, 
WA 10 0 32 0 25 0 28 0 27
Seattle, 15 0 43 0 35 0 38 0 37



WA 
Seattle, 
WA 20 0 62 0 48 0 54 0 47
Seattle, 
WA 25 0 62 0 53 0 57 0 61
Seattle, 
WA 30 0 70 0 66 0 68 0 71
Seattle, 
WA 35 2 82 1 77 1 76 0 73
Seattle, 
WA 40 7 92 4 94 1 76 0 73
Seattle, 
WA 45 7 92 8 94 1 76 1 85
Seattle, 
WA 50 7 92 9 94 1 76 2 108
Seattle, 
WA 55 7 92 9 94 1 76 2 108
Seattle, 
WA 60 7 92 9 94 1 76 3 123
Seattle, 
WA 100 7 92 9 94 1 76 3 123
Shrevepor
t, LA 5 0 20 0 10 0 12 0 6
Shrevepor
t, LA 10 0 33 0 24 0 25 0 26
Shrevepor
t, LA 15 0 41 0 40 0 35 0 37
Shrevepor
t, LA 20 0 47 0 44 0 50 0 48
Shrevepor
t, LA 25 0 61 0 63 0 66 0 56
Shrevepor
t, LA 30 0 70 0 74 0 67 0 69
Shrevepor
t, LA 35 1 85 0 75 0 74 1 76
Shrevepor
t, LA 40 5 92 4 79 4 94 3 84
Shrevepor
t, LA 45 7 92 9 86 9 95 7 85



Shrevepor
t, LA 50 7 92 12 90 14 95 8 85
Shrevepor
t, LA 55 7 92 12 90 18 104 10 87
Shrevepor
t, LA 60 7 92 14 95 20 104 10 87
Shrevepor
t, LA 100 7 92 14 95 20 104 10 87
Spokane, 
WA 5 0   0   0 39 0 24
Spokane, 
WA 10 0   0 14 0 39 0 24
Spokane, 
WA 15 0   0 24 0 39 0 24
Spokane, 
WA 20 0 20 0 34 0 39 0 29
Spokane, 
WA 25 0 46 0 41 0 39 0 37
Spokane, 
WA 30 0 46 0 46 0 43 0 44
Spokane, 
WA 35 0 53 0 57 0 50 0 50
Spokane, 
WA 40 0 58 0 57 0 53 0 59
Spokane, 
WA 45 0 67 0 64 0 58 0 63
Spokane, 
WA 50 0 67 0 69 0 67 0 70
Spokane, 
WA 55 0 67 0 69 0 67 0 72
Spokane, 
WA 60 0 67 0 69 0 67 0 72
Spokane, 
WA 100 0 67 0 69 0 67 0 72
St Louis, 
MO 5 0 41 0 20 0 18 0 14
St Louis, 
MO 10 0 42 0 35 0 36 0 43
St Louis, 15 0 44 0 52 0 44 0 43



MO 
St Louis, 
MO 20 0 51 0 60 0 55 0 60
St Louis, 
MO 25 0 65 0 66 0 62 0 64
St Louis, 
MO 30 4 86 1 104 4 85 1 76
St Louis, 
MO 35 15 102 4 112 7 93 13 96
St Louis, 
MO 40 28 107 14 112 15 110 34 104
St Louis, 
MO 45 38 107 24 112 18 110 43 128
St Louis, 
MO 50 44 112 29 112 20 110 49 128
St Louis, 
MO 55 46 112 29 112 20 110 50 128
St Louis, 
MO 60 47 112 29 112 20 110 51 131
St Louis, 
MO 100 47 112 29 112 20 110 51 131
Stockton, 
CA 5 0   0 12 0 13 0 22
Stockton, 
CA 10 0 25 0 27 0 25 0 33
Stockton, 
CA 15 0 40 0 41 0 42 0 40
Stockton, 
CA 20 0 47 0 55 0 56 0 56
Stockton, 
CA 25 0 55 0 60 0 61 0 66
Stockton, 
CA 30 0 71 0 66 0 71 0 69
Stockton, 
CA 35 6 85 2 80 3 82 3 80
Stockton, 
CA 40 16 90 14 90 8 82 12 87
Stockton, 
CA 45 25 95 21 90 15 97 19 101



Stockton, 
CA 50 30 95 22 90 15 97 19 101
Stockton, 
CA 55 30 95 23 90 15 97 19 101
Stockton, 
CA 60 30 95 23 90 15 97 19 101
Stockton, 
CA 100 30 95 23 90 15 97 19 101
Syracuse, 
NY 5 0 19 0 18 0 17     
Syracuse, 
NY 10 0 33 0 32 0 25 0 34
Syracuse, 
NY 15 0 39 0 36 0 32 0 35
Syracuse, 
NY 20 0 51 0 44 0 45 0 45
Syracuse, 
NY 25 0 58 0 55 0 61 0 52
Syracuse, 
NY 30 0 69 0 57 1 82 0 62
Syracuse, 
NY 35 0 70 0 66 1 82 0 65
Syracuse, 
NY 40 1 87 0 67 1 82 1 79
Syracuse, 
NY 45 4 87 2 90 2 89 3 81
Syracuse, 
NY 50 6 87 5 90 2 89 7 93
Syracuse, 
NY 55 13 91 7 90 3 89 7 93
Syracuse, 
NY 60 14 91 9 90 4 89 7 93
Syracuse, 
NY 100 25 102 10 92 7 95 8 93
Tampa, FL 5                 
Tampa, FL 10 0 20 0 22 0 32 0 26
Tampa, FL 15 0 49 0 41 0 50 0 40
Tampa, FL 20 0 63 0 63 0 53 0 57
Tampa, FL 25 0 63 0 63 0 64 0 61



Tampa, FL 30 2 84 1 78 2 92 1 82
Tampa, FL 35 4 84 4 85 6 92 1 82
Tampa, FL 40 8 84 5 85 9 92 2 82
Tampa, FL 45 9 95 7 85 11 92 6 82
Tampa, FL 50 9 95 11 85 11 92 9 89
Tampa, FL 55 9 95 13 85 12 92 10 90
Tampa, FL 60 9 95 14 85 13 92 10 90
Tampa, FL 100 9 95 15 85 14 92 10 90
Toledo, 
OH 5 0 27 0 19 0 35 0 23
Toledo, 
OH 10 0 27 0 31 0 35 0 27
Toledo, 
OH 15 0 48 0 31 0 37 0 33
Toledo, 
OH 20 0 48 0 59 0 46 0 44
Toledo, 
OH 25 0 51 0 59 0 57 0 57
Toledo, 
OH 30 0 69 0 59 0 60 1 84
Toledo, 
OH 35 1 77 0 65 1 76 1 84
Toledo, 
OH 40 3 86 0 73 2 85 2 86
Toledo, 
OH 45 4 86 0 75 7 95 6 91
Toledo, 
OH 50 12 88 5 81 12 95 9 94
Toledo, 
OH 55 17 93 8 95 13 95 14 123
Toledo, 
OH 60 18 93 8 95 14 114 14 123
Toledo, 
OH 100 19 109 8 95 14 114 15 123
Tucson, 
AZ 10 0 28 0 28 0 20 0 29
Tucson, 
AZ 15 0 37 0 44 0 40 0 37



Tucson, 
AZ 20 0 46 0 46 0 48 0 46
Tucson, 
AZ 25 0 54 0 52 0 49 0 53
Tucson, 
AZ 30 0 60 0 63 0 63 0 62
Tucson, 
AZ 35 0 73 0 70 0 67 0 68
Tucson, 
AZ 40 1 76 1 78 1 77 0 74
Tucson, 
AZ 45 1 76 5 83 3 78 6 84
Tucson, 
AZ 50 2 77 6 89 10 82 9 84
Tucson, 
AZ 55 4 83 6 89 14 88 9 84
Tucson, 
AZ 60 4 83 6 89 14 88 10 85
Tucson, 
AZ 100 4 83 6 89 14 88 10 85
Tulsa, OK 5 0 11 0 17 0 12 0 14
Tulsa, OK 10 0 29 0 27 0 25 0 28
Tulsa, OK 15 0 41 0 40 0 44 0 42
Tulsa, OK 20 0 44 0 48 0 60 0 46
Tulsa, OK 25 0 53 0 67 0 60 0 72
Tulsa, OK 30 0 73 0 75 0 69 1 78
Tulsa, OK 35 1 77 2 83 0 74 2 85
Tulsa, OK 40 5 96 2 83 0 75 9 88
Tulsa, OK 45 11 96 4 83 1 88 16 96
Tulsa, OK 50 21 111 5 88 5 105 21 107
Tulsa, OK 55 29 111 6 88 7 105 25 107
Tulsa, OK 60 30 111 6 88 7 105 26 107
Tulsa, OK 100 30 111 7 88 7 105 26 107
Washingto
n, DC 5 0 24 0 28 0 22 0 22
Washingto
n, DC 10 0 60 0 53 0 48 0 39
Washingto 15 0 61 0 56 0 57 0 56



n, DC 
Washingto
n, DC 20 0 65 0 63 0 59 0 57
Washingto
n, DC 25 0 66 0 66 0 59 0 66
Washingto
n, DC 30 1 76 2 80 3 89 0 73
Washingto
n, DC 35 6 80 5 85 8 89 5 82
Washingto
n, DC 40 27 102 17 100 24 100 25 98
Washingto
n, DC 45 47 105 28 100 45 106 38 106
Washingto
n, DC 50 64 112 35 116 62 115 49 116
Washingto
n, DC 55 75 126 36 116 72 122 49 116
Washingto
n, DC 60 79 146 36 116 73 122 49 116
Washingto
n, DC 100 79 146 36 116 73 122 49 116
Wichita, 
KS 5     0           
Wichita, 
KS 10 0 20 0 24 0 20 0 18
Wichita, 
KS 15 0 33 0 35 0 36 0 31
Wichita, 
KS 20 0 41 0 43 0 50 0 38
Wichita, 
KS 25 0 47 0 50 0 50 0 51
Wichita, 
KS 30 0 57 0 56 0 51 0 61
Wichita, 
KS 35 0 64 0 61 0 61 0 66
Wichita, 
KS 40 1 81 0 61 0 67 0 71
Wichita, 
KS 45 2 81 0 70 0 67 0 75



Wichita, 
KS 50 3 87 0 70 0 67 0 75
Wichita, 
KS 55 4 87 0 73 0 67 1 76
Wichita, 
KS 60 6 87 1 83 0 67 1 76
Wichita, 
KS 100 6 87 1 83 0 67 1 76
Worcester, 
MA 5 0 10 0 6 0 30 0   
Worcester, 
MA 10 0 24 0 29 0 30 0 22
Worcester, 
MA 15 0 32 0 38 0 30 0 37
Worcester, 
MA 20 0 44 0 42 0 33 0 37
Worcester, 
MA 25 0 50 0 45 0 44 0 37
Worcester, 
MA 30 0 67 0 63 0 54 0 45
Worcester, 
MA 35 0 67 0 63 0 63 0 54
Worcester, 
MA 40 0 74 0 72 0 66 0 61
Worcester, 
MA 45 0 74 1 93 0 70 1 76
Worcester, 
MA 50 1 83 5 93 0 71 2 82
Worcester, 
MA 55 3 85 9 93 1 81 4 85
Worcester, 
MA 60 10 109 14 99 4 92 7 85
Worcester, 
MA 100 15 109 18 112 11 120 20 107
 



Number of exceedances of 75 ppb and highest 8-h concentration for different cutoff concentrations (Continued) 

city 
cutoff 
conc. (ppb) 

Number of 
exceedanc
es of 75 
ppb 1995 

Highest 8-
hour conc. 
(ppb)1995 

Number of 
exceedanc
es of 75 
ppb 1996 

Highest 8-
hour conc. 
(ppb)1996 

Number of 
exceedanc
es of 75 
ppb 1997 

Highest 8-
hour conc. 
(ppb)1997 

Number of 
exceedanc
es of 75 
ppb 1998 

Highest 8-
hour conc. 
(ppb)1998 

Akron, OH 5 0 10 0 37 0 32 0 42
Akron, OH 10 0 28 0 37 0 32 0 42
Akron, OH 15 0 35 0 37 0 37 0 42
Akron, OH 20 0 49 0 45 0 51 0 46
Akron, OH 25 0 58 0 46 0 57 0 63
Akron, OH 30 0 68 0 61 0 65 0 64
Akron, OH 35 0 71 0 75 0 73 0 74
Akron, OH 40 1 76 3 85 1 80 2 78
Akron, OH 45 8 97 8 89 6 90 10 97
Akron, OH 50 12 99 15 89 8 90 19 97
Akron, OH 55 18 107 20 90 12 98 27 97
Akron, OH 60 20 107 22 99 13 98 33 116
Akron, OH 100 21 107 26 99 16 98 37 116
Albuquerqu
e, NM 10 0 32 0 34 0 35 0 35
Albuquerqu
e, NM 15 0 40 0 43 0 35 0 46
Albuquerqu
e, NM 20 0 54 0 49 0 48 0 48
Albuquerqu
e, NM 25 0 55 0 60 0 54 0 56
Albuquerqu
e, NM 30 0 67 0 61 0 59 0 62
Albuquerqu
e, NM 35 2 82 0 65 0 68 0 71
Albuquerqu
e, NM 40 4 87 0 73 2 76 0 74
Albuquerqu
e, NM 45 5 87 2 84 4 77 1 79
Albuquerqu
e, NM 50 6 87 5 85 5 78 2 79
Albuquerqu 55 6 87 6 85 5 78 3 79



e, NM 
Albuquerqu
e, NM 60 6 87 6 85 5 78 3 79
Albuquerqu
e, NM 100 6 87 6 85 5 78 3 79
Atlanta, GA 5 0 45 0 27 0 43 0 47
Atlanta, GA 10 0 45 0 27 0 43 0 47
Atlanta, GA 15 0 45 0 40 0 43 0 47
Atlanta, GA 20 0 61 0 51 0 52 0 60
Atlanta, GA 25 0 74 0 70 0 66 0 69
Atlanta, GA 30 1 84 1 79 1 79 5 81
Atlanta, GA 35 14 98 7 88 14 107 16 98
Atlanta, GA 40 37 118 19 97 33 129 37 98
Atlanta, GA 45 50 124 32 105 54 129 53 111
Atlanta, GA 50 61 129 41 119 57 129 67 113
Atlanta, GA 55 65 133 48 122 58 129 82 134
Atlanta, GA 60 65 133 49 122 58 129 90 141
Atlanta, GA 100 65 133 49 122 58 129 91 141
Austin, TX 5 0 14 0 13 0 13 0 11
Austin, TX 10 0 26 0 21 0 27 0 26
Austin, TX 15 0 34 0 34 0 34 0 34
Austin, TX 20 0 43 0 58 0 41 0 41
Austin, TX 25 0 57 0 58 0 53 0 54
Austin, TX 30 0 62 0 58 0 64 0 73
Austin, TX 35 0 69 1 78 0 64 0 73
Austin, TX 40 2 88 2 80 0 70 0 74
Austin, TX 45 8 88 2 80 5 82 0 75
Austin, TX 50 16 90 2 80 9 85 2 79
Austin, TX 55 25 90 5 84 17 91 9 92
Austin, TX 60 28 91 5 84 19 91 10 92
Austin, TX 100 29 97 5 84 20 97 13 95
Bakersfield, 
CA 5     0 32         
Bakersfield, 
CA 10 0 41 0 47 0 55 0 42
Bakersfield, 15 0 54 0 48 0 55 0 47



CA 
Bakersfield, 
CA 20 0 68 0 53 0 55 0 52
Bakersfield, 
CA 25 0 68 0 63 1 89 0 60
Bakersfield, 
CA 30 0 70 0 74 1 89 1 79
Bakersfield, 
CA 35 1 81 0 74 2 89 1 79
Bakersfield, 
CA 40 5 83 2 81 5 89 4 86
Bakersfield, 
CA 45 21 98 11 86 23 90 19 100
Bakersfield, 
CA 50 49 104 29 97 53 105 33 105
Bakersfield, 
CA 55 89 134 61 106 74 105 55 105
Bakersfield, 
CA 60 111 134 88 119 91 105 70 124
Bakersfield, 
CA 100 136 134 131 137 100 118 110 136
Baltimore, 
MD 5 0 19 0 19 0 13 0 16
Baltimore, 
MD 10 0 29 0 41 0 32 0 27
Baltimore, 
MD 15 0 40 0 41 0 53 0 42
Baltimore, 
MD 20 0 57 0 51 0 54 0 43
Baltimore, 
MD 25 0 62 0 66 0 64 0 57
Baltimore, 
MD 30 1 79 0 74 0 74 0 71
Baltimore, 
MD 35 4 79 4 78 1 76 3 85
Baltimore, 
MD 40 12 113 12 89 7 87 11 88
Baltimore, 
MD 45 27 113 25 92 17 93 24 100



Baltimore, 
MD 50 41 113 41 107 29 114 43 105
Baltimore, 
MD 55 49 113 47 110 33 114 60 111
Baltimore, 
MD 60 56 116 48 110 42 122 68 122
Baltimore, 
MD 100 61 147 48 110 48 148 70 122
Baton 
Rouge, LA 5 0 15 0 28     0 14
Baton 
Rouge, LA 10 0 37 0 34 0 28 0 34
Baton 
Rouge, LA 15 0 47 0 59 0 46 0 44
Baton 
Rouge, LA 20 1 77 0 59 0 59 0 61
Baton 
Rouge, LA 25 1 77 2 85 2 81 0 72
Baton 
Rouge, LA 30 4 97 4 85 9 83 4 90
Baton 
Rouge, LA 35 18 99 11 97 22 101 14 94
Baton 
Rouge, LA 40 34 101 23 97 44 102 25 98
Baton 
Rouge, LA 45 49 114 32 117 56 115 32 110
Baton 
Rouge, LA 50 56 120 35 120 57 115 39 126
Baton 
Rouge, LA 55 58 120 36 120 57 115 39 126
Baton 
Rouge, LA 60 58 120 36 120 57 115 39 126
Baton 
Rouge, LA 100 58 120 36 120 57 115 39 126
Biddeford, 
ME 5 0 20 0 14     0 28
Biddeford, 
ME 10 0 20 0 18 0 29 0 28
Biddeford, 15 0 31 0 41 0 29 0 29



ME 
Biddeford, 
ME 20 0 42 0 41 0 38 0 41
Biddeford, 
ME 25 0 49 0 46 0 49 0 53
Biddeford, 
ME 30 0 60 0 53 0 64 0 64
Biddeford, 
ME 35 1 81 0 68 0 64 0 64
Biddeford, 
ME 40 1 81 1 77 0 72 1 79
Biddeford, 
ME 45 2 85 3 79 2 90 3 80
Biddeford, 
ME 50 5 87 5 82 5 90 5 97
Biddeford, 
ME 55 11 107 9 84 8 101 7 97
Biddeford, 
ME 60 12 107 13 94 11 103 10 97
Biddeford, 
ME 100 17 126 15 97 15 119 13 116
Birmingham
, AL 5 0 16 0 22 0 16 0 34
Birmingham
, AL 10 0 34 0 38 0 27 0 34
Birmingham
, AL 15 0 48 0 45 0 43 0 37
Birmingham
, AL 20 0 51 0 61 0 63 0 57
Birmingham
, AL 25 0 64 0 74 1 79 0 71
Birmingham
, AL 30 1 78 1 83 8 81 3 80
Birmingham
, AL 35 6 88 8 93 22 94 11 88
Birmingham
, AL 40 21 105 14 93 27 107 22 107
Birmingham
, AL 45 38 126 19 108 29 107 32 107



Birmingham
, AL 50 47 126 22 111 29 107 37 117
Birmingham
, AL 55 50 126 24 121 29 107 38 117
Birmingham
, AL 60 50 126 25 121 29 107 38 117
Birmingham
, AL 100 50 126 25 121 29 107 38 117
Boston, MA 5 0 22 0 30 0 19 0 26
Boston, MA 10 0 30 0 35 0 34 0 28
Boston, MA 15 0 53 0 40 0 41 0 38
Boston, MA 20 0 65 0 50 0 50 0 50
Boston, MA 25 0 65 0 64 0 70 0 59
Boston, MA 30 0 71 0 70 0 70 0 69
Boston, MA 35 2 90 0 70 1 76 2 82
Boston, MA 40 7 92 3 90 2 87 6 99
Boston, MA 45 11 92 7 91 6 87 12 99
Boston, MA 50 14 92 11 91 11 102 15 99
Boston, MA 55 20 105 15 91 15 102 18 116
Boston, MA 60 21 105 15 91 16 110 18 116
Boston, MA 100 23 116 15 91 18 121 21 116
Buffalo, NY 5 0 13 0 22 0 15 0 21
Buffalo, NY 10 0 25 0 29 0 27 0 35
Buffalo, NY 15 0 41 0 37 0 38 0 39
Buffalo, NY 20 0 47 0 41 0 46 0 42
Buffalo, NY 25 0 55 0 55 0 52 0 54
Buffalo, NY 30 0 65 0 60 0 58 0 60
Buffalo, NY 35 0 70 0 67 0 60 0 66
Buffalo, NY 40 1 79 0 70 0 71 0 70
Buffalo, NY 45 2 79 2 81 0 71 7 90
Buffalo, NY 50 6 95 2 81 1 82 9 90
Buffalo, NY 55 8 95 4 88 1 82 12 98
Buffalo, NY 60 9 95 6 95 1 82 18 98
Buffalo, NY 100 12 101 6 95 5 89 26 98
Cedar 
Rapids, IA 5 0 11 0 18 0 29 0 12



Cedar 
Rapids, IA 10 0 25 0 30 0 29 0 29
Cedar 
Rapids, IA 15 0 30 0 30 0 37 0 37
Cedar 
Rapids, IA 20 0 45 0 35 0 38 0 43
Cedar 
Rapids, IA 25 0 56 0 43 0 53 0 52
Cedar 
Rapids, IA 30 0 56 0 49 0 60 0 58
Cedar 
Rapids, IA 35 0 63 0 54 0 61 0 63
Cedar 
Rapids, IA 40 0 66 0 61 0 65 0 68
Cedar 
Rapids, IA 45 0 68 0 63 0 74 0 68
Cedar 
Rapids, IA 50 0 68 0 68 0 74 0 71
Cedar 
Rapids, IA 55 0 68 0 68 0 74 0 71
Cedar 
Rapids, IA 60 0 68 0 68 0 74 0 71
Cedar 
Rapids, IA 100 0 68 0 68 0 74 0 71
Charlotte, 
NC 5 0   0 20 0 11 0 9
Charlotte, 
NC 10 0 21 0 22 0 24 0 20
Charlotte, 
NC 15 0 32 0 29 0 40 0 44
Charlotte, 
NC 20 0 55 0 51 0 40 0 53
Charlotte, 
NC 25 0 61 0 53 0 52 0 61
Charlotte, 
NC 30 0 69 0 67 1 78 0 69
Charlotte, 
NC 35 0 74 2 77 5 86 5 82
Charlotte, 40 8 82 7 83 10 87 17 93



NC 
Charlotte, 
NC 45 24 98 23 92 20 93 25 103
Charlotte, 
NC 50 32 98 35 105 28 107 47 105
Charlotte, 
NC 55 34 98 40 105 39 109 62 118
Charlotte, 
NC 60 35 108 41 105 41 110 68 118
Charlotte, 
NC 100 35 108 42 124 42 110 69 118
Chicago, IL 5 0 28 0 31 0 28 0 25
Chicago, IL 10 0 34 0 47 0 38 0 46
Chicago, IL 15 0 53 0 48 0 45 0 55
Chicago, IL 20 0 55 0 57 0 55 0 59
Chicago, IL 25 1 80 1 85 0 62 0 68
Chicago, IL 30 4 90 2 92 0 75 2 78
Chicago, IL 35 14 112 12 92 5 90 8 87
Chicago, IL 40 17 112 17 121 12 91 20 92
Chicago, IL 45 26 120 23 121 20 118 35 121
Chicago, IL 50 38 120 26 121 21 118 37 121
Chicago, IL 55 41 120 27 122 22 118 38 121
Chicago, IL 60 42 120 27 122 23 120 38 121
Chicago, IL 100 44 129 28 122 23 120 38 121
Cincinnati, 
OH 5 0 21 0 39 0 21 0 49
Cincinnati, 
OH 10 0 30 0 39 0 33 0 49
Cincinnati, 
OH 15 0 47 0 46 0 47 0 50
Cincinnati, 
OH 20 0 67 0 62 0 54 0 55
Cincinnati, 
OH 25 0 73 0 66 0 73 0 67
Cincinnati, 
OH 30 2 80 1 76 0 75 1 79
Cincinnati, 
OH 35 15 92 10 95 3 92 12 86



Cincinnati, 
OH 40 36 104 24 95 17 104 23 97
Cincinnati, 
OH 45 42 104 34 108 26 104 40 116
Cincinnati, 
OH 50 46 121 36 114 28 111 50 116
Cincinnati, 
OH 55 47 121 38 114 28 111 51 116
Cincinnati, 
OH 60 48 121 38 114 28 111 51 116
Cincinnati, 
OH 100 48 121 38 114 28 111 51 116
Cleveland, 
OH 5 0 14 0 46 0 40 0 46
Cleveland, 
OH 10 0 34 0 46 0 40 0 46
Cleveland, 
OH 15 0 42 0 46 0 40 0 46
Cleveland, 
OH 20 0 61 0 49 0 56 0 58
Cleveland, 
OH 25 0 61 0 60 0 56 0 61
Cleveland, 
OH 30 1 77 0 63 0 75 1 76
Cleveland, 
OH 35 2 80 3 82 1 77 2 76
Cleveland, 
OH 40 10 96 5 82 5 82 3 81
Cleveland, 
OH 45 20 96 8 86 9 90 9 87
Cleveland, 
OH 50 32 105 15 91 13 90 16 88
Cleveland, 
OH 55 33 105 22 114 17 97 26 103
Cleveland, 
OH 60 36 107 26 114 22 107 31 109
Cleveland, 
OH 100 39 111 30 114 26 108 37 117



Colorado 
Springs, CO 5 0 25 0 29 0 28 0 18

Colorado 
Springs, CO 10 0 32 0 40 0 29 0 42

Colorado 
Springs, CO 15 0 38 0 42 0 40 0 42

Colorado 
Springs, CO 20 0 47 0 48 0 43 0 49

Colorado 
Springs, CO 25 0 52 0 55 0 49 0 56

Colorado 
Springs, CO 30 0 60 0 57 0 62 0 57

Colorado 
Springs, CO 35 0 61 0 60 0 62 0 60

Colorado 
Springs, CO 40 0 65 0 65 0 62 0 65

Colorado 
Springs, CO 45 0 70 0 65 0 62 0 65

Colorado 
Springs, CO 50 0 70 0 65 0 62 0 73

Colorado 
Springs, CO 55 0 70 0 65 0 62 0 73

Colorado 
Springs, CO 60 0 70 0 65 0 62 0 73

Colorado 
Springs, CO 100 0 70 0 65 0 62 0 73
Columbus, 
GA 5 0 32 0 15 0 33 0 23
Columbus, 
GA 10 0 32 0 15 0 33 0 23
Columbus, 
GA 15 0 37 0 46 0 36 0 58
Columbus, 
GA 20 0 48 0 46 0 52 0 58
Columbus, 
GA 25 0 69 0 58 0 55 0 63



Columbus, 
GA 30 0 75 0 68 0 62 0 71
Columbus, 
GA 35 0 75 1 77 0 72 1 78
Columbus, 
GA 40 5 89 1 77 4 78 5 87
Columbus, 
GA 45 13 99 2 79 10 90 7 89
Columbus, 
GA 50 19 99 5 83 13 90 15 97
Columbus, 
GA 55 22 99 9 88 14 96 19 104
Columbus, 
GA 60 22 99 12 88 14 96 21 104
Columbus, 
GA 100 22 99 12 88 14 96 21 104
Columbus, 
OH 5 0 16 0 45 0 30 0 46
Columbus, 
OH 10 0 24 0 45 0 33 0 46
Columbus, 
OH 15 0 43 0 45 0 40 0 46
Columbus, 
OH 20 0 60 0 51 0 49 0 51
Columbus, 
OH 25 0 67 0 70 0 60 0 57
Columbus, 
OH 30 2 79 0 70 0 67 0 65
Columbus, 
OH 35 2 79 1 76 2 83 2 79
Columbus, 
OH 40 4 81 8 87 7 92 10 87
Columbus, 
OH 45 14 89 13 92 13 92 25 94
Columbus, 
OH 50 24 95 26 92 19 92 36 96
Columbus, 
OH 55 30 97 33 92 24 99 45 108
Columbus, 60 31 108 34 98 24 99 53 108



OH 
Columbus, 
OH 100 34 115 38 117 24 99 53 108
Corpus 
Christi, TX 5         0 28 0 8
Corpus 
Christi, TX 10 0 25 0 12 0 28 0 23
Corpus 
Christi, TX 15 0 30 0 29 0 35 0 47
Corpus 
Christi, TX 20 0 39 0 45 0 45 0 51
Corpus 
Christi, TX 25 0 45 0 45 0 49 0 53
Corpus 
Christi, TX 30 0 65 0 55 0 58 0 60
Corpus 
Christi, TX 35 0 73 0 61 0 60 0 68
Corpus 
Christi, TX 40 0 73 0 71 1 77 0 74
Corpus 
Christi, TX 45 3 88 2 86 2 77 2 82
Corpus 
Christi, TX 50 6 88 4 86 5 87 6 86
Corpus 
Christi, TX 55 9 90 4 86 5 87 6 86
Corpus 
Christi, TX 60 13 102 7 93 6 87 8 98
Corpus 
Christi, TX 100 19 102 7 93 7 87 9 98
Dallas/Ft 
Worth, TX 5 0 13 0 23 0 16 0 13
Dallas/Ft 
Worth, TX 10 0 27 0 38 0 38 0 33
Dallas/Ft 
Worth, TX 15 0 38 0 39 0 49 0 45
Dallas/Ft 
Worth, TX 20 0 54 0 50 0 54 0 52
Dallas/Ft 
Worth, TX 25 0 56 0 54 0 68 0 56



Dallas/Ft 
Worth, TX 30 0 70 1 80 0 75 2 80
Dallas/Ft 
Worth, TX 35 2 91 3 81 1 79 5 82
Dallas/Ft 
Worth, TX 40 11 91 12 89 9 106 11 96
Dallas/Ft 
Worth, TX 45 28 102 24 95 33 106 25 101
Dallas/Ft 
Worth, TX 50 46 116 34 116 43 114 46 102
Dallas/Ft 
Worth, TX 55 57 120 42 116 51 114 57 109
Dallas/Ft 
Worth, TX 60 65 125 48 116 54 114 63 126
Dallas/Ft 
Worth, TX 100 69 125 49 116 54 114 67 126
Dayton, OH 5 0 18 0 38 0 27 0 50
Dayton, OH 10 0 46 0 38 0 28 0 50
Dayton, OH 15 0 46 0 38 0 34 0 50
Dayton, OH 20 0 46 0 54 0 55 0 50
Dayton, OH 25 0 66 0 59 0 55 0 59
Dayton, OH 30 0 71 0 69 0 67 0 66
Dayton, OH 35 3 78 0 69 0 74 0 74
Dayton, OH 40 7 87 7 102 3 85 8 88
Dayton, OH 45 9 87 13 102 13 103 17 89
Dayton, OH 50 10 87 27 102 16 103 25 98
Dayton, OH 55 15 103 28 102 21 103 30 106
Dayton, OH 60 15 103 32 105 23 106 33 106
Dayton, OH 100 17 103 35 112 23 106 33 106
Denver, CO 5 0 18 0 26 0 29 0 24
Denver, CO 10 0 37 0 53 0 42 0 47
Denver, CO 15 0 44 0 75 0 47 0 48
Denver, CO 20 0 50 0 75 0 48 0 48
Denver, CO 25 0 55 0 75 0 58 0 53
Denver, CO 30 0 62 0 75 0 63 0 62
Denver, CO 35 0 71 0 75 0 75 1 76
Denver, CO 40 7 88 5 84 2 76 3 81



Denver, CO 45 10 88 12 84 6 83 9 84
Denver, CO 50 11 88 18 88 8 83 16 85
Denver, CO 55 11 88 19 88 8 83 20 102
Denver, CO 60 11 88 19 88 8 83 25 103
Denver, CO 100 11 88 19 88 8 83 25 103
Des 
Moines, IA 5 0 16 0 22 0 31 0 14
Des 
Moines, IA 10 0 26 0 32 0 31 0 23
Des 
Moines, IA 15 0 36 0 36 0 37 0 35
Des 
Moines, IA 20 0 43 0 40 0 46 0 48
Des 
Moines, IA 25 0 52 0 53 0 49 0 49
Des 
Moines, IA 30 0 63 0 71 0 62 0 64
Des 
Moines, IA 35 0 63 0 71 0 66 0 64
Des 
Moines, IA 40 0 73 1 76 0 66 0 73
Des 
Moines, IA 45 2 81 1 76 0 66 0 73
Des 
Moines, IA 50 3 81 1 76 0 68 0 73
Des 
Moines, IA 55 4 81 1 76 0 68 0 73
Des 
Moines, IA 60 4 81 1 76 0 68 0 73
Des 
Moines, IA 100 4 81 1 76 0 68 0 73
Detroit, MI 5 0 21 0 42 0 29 0 38
Detroit, MI 10 0 30 0 42 0 29 0 38
Detroit, MI 15 0 62 0 42 0 43 0 38
Detroit, MI 20 0 62 0 56 0 50 0 49
Detroit, MI 25 0 74 0 71 0 60 0 65
Detroit, MI 30 1 76 0 71 1 76 0 72
Detroit, MI 35 3 80 9 92 4 90 7 98



Detroit, MI 40 8 96 15 92 9 94 14 98
Detroit, MI 45 13 109 17 92 12 100 22 99
Detroit, MI 50 17 112 20 92 16 100 27 102
Detroit, MI 55 18 112 24 97 19 110 32 111
Detroit, MI 60 19 112 25 97 20 110 32 111
Detroit, MI 100 19 112 26 97 20 110 33 111
El Paso, TX 5 0 14         0 17
El Paso, TX 10 0 36 0 40 0 32 0 37
El Paso, TX 15 0 53 0 46 0 49 0 46
El Paso, TX 20 0 58 0 65 0 57 0 69
El Paso, TX 25 0 63 0 70 0 64 0 69
El Paso, TX 30 1 86 2 86 0 73 0 72
El Paso, TX 35 3 87 3 86 3 96 0 72
El Paso, TX 40 5 95 8 95 3 96 7 96
El Paso, TX 45 6 95 10 95 5 96 12 108
El Paso, TX 50 6 95 11 95 5 96 13 108
El Paso, TX 55 7 99 12 95 5 96 14 108
El Paso, TX 60 8 105 12 95 5 96 14 108
El Paso, TX 100 8 105 12 95 5 96 14 108
Evansville, 
IN 5 0 20 0 44 0 28 0 38
Evansville, 
IN 10 0 26 0 44 0 28 0 38
Evansville, 
IN 15 0 39 0 44 0 36 0 38
Evansville, 
IN 20 0 43 0 46 0 63 0 48
Evansville, 
IN 25 0 71 0 58 0 63 0 60
Evansville, 
IN 30 0 71 0 70 0 68 0 70
Evansville, 
IN 35 1 79 1 82 0 68 2 81
Evansville, 
IN 40 5 87 4 82 3 84 7 85
Evansville, 
IN 45 15 93 11 85 13 94 17 93



Evansville, 
IN 50 29 93 21 90 20 94 29 100
Evansville, 
IN 55 38 101 31 102 27 109 36 113
Evansville, 
IN 60 42 108 34 102 29 109 40 113
Evansville, 
IN 100 43 108 35 103 29 109 41 119
Fresno, CA 5 0 17 0 17 0 24     
Fresno, CA 10 0 36 0 42 0 35 0 27
Fresno, CA 15 0 48 0 46 0 42 0 43
Fresno, CA 20 0 54 0 52 0 54 0 54
Fresno, CA 25 0 66 0 61 0 74 0 55
Fresno, CA 30 0 73 0 72 1 76 0 68
Fresno, CA 35 6 87 3 86 11 86 3 80
Fresno, CA 40 20 95 14 91 27 99 9 92
Fresno, CA 45 40 95 38 102 56 111 23 94
Fresno, CA 50 69 108 66 103 87 111 42 109
Fresno, CA 55 87 113 92 111 104 111 64 111
Fresno, CA 60 91 117 112 123 114 115 74 117
Fresno, CA 100 92 126 115 123 119 127 90 134
Ft. Wayne, 
IN 5 0 14 0 41 0 40 0 42
Ft. Wayne, 
IN 10 0 17 0 41 0 40 0 42
Ft. Wayne, 
IN 15 0 20 0 41 0 40 0 42
Ft. Wayne, 
IN 20 0 36 0 47 0 40 0 42
Ft. Wayne, 
IN 25 0 61 0 55 0 71 0 52
Ft. Wayne, 
IN 30 0 68 0 67 0 71 0 59
Ft. Wayne, 
IN 35 0 72 0 75 0 71 1 76
Ft. Wayne, 
IN 40 0 74 3 82 1 79 4 77
Ft. Wayne, 45 3 86 6 89 2 79 5 77



IN 
Ft. Wayne, 
IN 50 11 96 15 89 6 89 11 92
Ft. Wayne, 
IN 55 17 99 21 94 10 90 15 96
Ft. Wayne, 
IN 60 23 104 22 97 11 90 19 96
Ft. Wayne, 
IN 100 25 104 24 97 13 90 19 96
Grand 
Rapids, MI 5 0 22 0 42 0 10 0 24
Grand 
Rapids, MI 10 0 22 0 42 0 33 0 24
Grand 
Rapids, MI 15 0 34 0 52 0 33 0 24
Grand 
Rapids, MI 20 0 45 0 52 0 46 0 41
Grand 
Rapids, MI 25 0 52 0 55 0 63 0 57
Grand 
Rapids, MI 30 0 65 0 58 0 66 0 60
Grand 
Rapids, MI 35 0 69 0 66 0 71 1 78
Grand 
Rapids, MI 40 1 90 2 86 0 71 3 79
Grand 
Rapids, MI 45 4 90 4 86 4 83 4 91
Grand 
Rapids, MI 50 6 90 7 86 9 89 10 91
Grand 
Rapids, MI 55 10 93 9 95 11 89 15 91
Grand 
Rapids, MI 60 16 98 12 97 13 89 18 91
Grand 
Rapids, MI 100 21 133 14 117 13 89 19 98
Greensboro
, NC 5 0 38 0 32 0 41 0 21
Greensboro
, NC 10 0 38 0 32 0 41 0 21



Greensboro
, NC 15 0 44 0 32 0 41 0 34
Greensboro
, NC 20 0 56 0 44 0 41 0 38
Greensboro
, NC 25 0 56 0 54 0 50 0 52
Greensboro
, NC 30 0 65 0 61 0 60 0 54
Greensboro
, NC 35 1 78 0 72 0 74 0 69
Greensboro
, NC 40 6 83 2 78 6 83 3 81
Greensboro
, NC 45 9 95 6 80 12 83 9 85
Greensboro
, NC 50 15 103 11 84 23 98 19 102
Greensboro
, NC 55 17 103 19 100 33 98 28 102
Greensboro
, NC 60 17 103 19 100 38 98 32 102
Greensboro
, NC 100 17 103 21 107 39 98 37 102
Honolulu, HI 5 0 15 0 11 0 12 0 8
Honolulu, HI 10 0 22 0 26 0 24 0 23
Honolulu, HI 15 0 32 0 32 0 32 0 32
Honolulu, HI 20 0 40 0 39 0 46 0 43
Honolulu, HI 25 0 41 0 43 0 46 0 45
Honolulu, HI 30 0 46 0 43 0 46 0 45
Honolulu, HI 35 0 53 0 43 0 46 0 46
Honolulu, HI 40 0 53 0 44 0 46 0 49
Honolulu, HI 45 0 53 0 44 0 50 0 50
Honolulu, HI 50 0 53 0 44 0 50 0 50
Honolulu, HI 55 0 53 0 44 0 50 0 50
Honolulu, HI 60 0 53 0 44 0 50 0 50
Honolulu, HI 100 0 53 0 44 0 50 0 50
Houston, 
TX 5 0 12 0 29 0 27 0 29
Houston, 10 0 40 0 41 0 40 0 37



TX 
Houston, 
TX 15 0 54 0 66 0 64 0 68
Houston, 
TX 20 0 73 0 69 0 74 1 79
Houston, 
TX 25 4 83 3 89 2 95 4 86
Houston, 
TX 30 15 125 10 96 9 128 14 111
Houston, 
TX 35 30 125 21 133 27 128 28 113
Houston, 
TX 40 42 125 28 133 41 128 38 113
Houston, 
TX 45 54 156 37 133 54 138 51 137
Houston, 
TX 50 69 156 38 133 65 138 59 137
Houston, 
TX 55 79 156 40 133 73 152 65 164
Houston, 
TX 60 85 156 43 163 74 152 66 164
Houston, 
TX 100 90 156 43 163 74 152 71 172
Huntsville, 
AL 5 0 10 0 13 0 11 0 16
Huntsville, 
AL 10 0 23 0 25 0 32 0 25
Huntsville, 
AL 15 0 29 0 35 0 40 0 38
Huntsville, 
AL 20 0 43 0 49 0 48 0 53
Huntsville, 
AL 25 0 56 0 56 0 61 0 59
Huntsville, 
AL 30 0 67 0 65 0 69 0 72
Huntsville, 
AL 35 0 73 1 81 1 77 1 79
Huntsville, 
AL 40 2 79 2 81 6 86 4 83



Huntsville, 
AL 45 10 84 5 81 8 88 10 87
Huntsville, 
AL 50 12 91 8 93 10 88 20 105
Huntsville, 
AL 55 14 91 15 93 11 88 25 105
Huntsville, 
AL 60 15 93 19 93 11 88 26 105
Huntsville, 
AL 100 15 93 21 93 11 88 26 105
Indianapolis
, IN 5 0 25 0 38 0 14 0 40
Indianapolis
, IN 10 0 25 0 38 0 14 0 40
Indianapolis
, IN 15 0 27 0 38 0 28 0 40
Indianapolis
, IN 20 0 44 0 48 0 46 0 44
Indianapolis
, IN 25 0 61 0 50 0 60 0 58
Indianapolis
, IN 30 0 71 0 66 0 68 0 73
Indianapolis
, IN 35 3 80 1 84 1 76 0 73
Indianapolis
, IN 40 6 96 2 84 3 81 6 85
Indianapolis
, IN 45 21 96 14 92 9 97 14 96
Indianapolis
, IN 50 31 96 21 100 16 97 20 104
Indianapolis
, IN 55 35 101 28 105 22 122 26 112
Indianapolis
, IN 60 37 111 29 105 29 122 34 112
Indianapolis
, IN 100 39 111 32 125 30 122 38 112
Jackson, 
MS 5 0 12 0 17 0 35 0 12
Jackson, 10 0 22 0 22 0 35 0 13



MS 
Jackson, 
MS 15 0 37 0 34 0 37 0 31
Jackson, 
MS 20 0 40 0 44 0 42 0 41
Jackson, 
MS 25 0 51 0 54 0 57 0 55
Jackson, 
MS 30 0 57 0 66 0 68 0 61
Jackson, 
MS 35 0 66 0 75 0 75 0 75
Jackson, 
MS 40 0 70 0 75 0 75 2 78
Jackson, 
MS 45 2 80 2 79 3 84 8 88
Jackson, 
MS 50 3 80 5 83 6 84 12 88
Jackson, 
MS 55 4 80 7 84 6 84 16 99
Jackson, 
MS 60 5 81 8 84 6 84 19 99
Jackson, 
MS 100 5 81 8 84 6 84 20 99
Jacksonville
, FL 5             0 13
Jacksonville
, FL 10 0 35 0 24 0 20 0 31
Jacksonville
, FL 15 0 35 0 36 0 29 0 40
Jacksonville
, FL 20 0 47 0 65 0 51 0 50
Jacksonville
, FL 25 0 55 0 65 0 58 0 62
Jacksonville
, FL 30 0 65 0 65 0 74 0 72
Jacksonville
, FL 35 1 83 0 72 0 74 1 82
Jacksonville
, FL 40 2 83 3 87 3 78 2 82



Jacksonville
, FL 45 3 83 4 87 9 94 8 101
Jacksonville
, FL 50 5 90 7 87 12 95 14 118
Jacksonville
, FL 55 6 90 7 87 12 95 19 118
Jacksonville
, FL 60 6 90 8 87 12 95 20 118
Jacksonville
, FL 100 6 90 8 87 12 95 21 118
Johnstown, 
PA 5 0 6 0 12 0 24 0 11
Johnstown, 
PA 10 0 24 0 26 0 26 0 27
Johnstown, 
PA 15 0 41 0 34 0 40 0 34
Johnstown, 
PA 20 0 44 0 50 0 51 0 45
Johnstown, 
PA 25 0 57 0 53 0 57 0 59
Johnstown, 
PA 30 0 65 0 67 0 63 0 72
Johnstown, 
PA 35 0 67 0 68 0 67 0 72
Johnstown, 
PA 40 2 79 2 78 1 78 2 82
Johnstown, 
PA 45 9 87 4 85 5 79 10 89
Johnstown, 
PA 50 11 87 7 89 8 92 17 98
Johnstown, 
PA 55 16 92 7 89 11 96 21 105
Johnstown, 
PA 60 16 92 7 89 13 98 24 105
Johnstown, 
PA 100 16 92 7 89 14 112 24 105
Kansas 
City, MO 5 0 11 0 15 0 10 0 25
Kansas 10 0 18 0 34 0 25 0 28



City, MO 
Kansas 
City, MO 15 0 30 0 35 0 39 0 40
Kansas 
City, MO 20 0 35 0 50 0 46 0 62
Kansas 
City, MO 25 0 47 0 56 0 52 0 66
Kansas 
City, MO 30 0 59 0 70 0 62 0 70
Kansas 
City, MO 35 0 66 2 83 1 76 0 70
Kansas 
City, MO 40 1 78 8 90 2 76 4 78
Kansas 
City, MO 45 5 84 13 90 12 97 14 97
Kansas 
City, MO 50 11 90 21 99 23 98 19 105
Kansas 
City, MO 55 19 111 23 101 28 98 27 109
Kansas 
City, MO 60 31 125 25 101 32 111 31 113
Kansas 
City, MO 100 34 125 26 101 33 111 32 113
Kingston, 
NY 5 0   0 32     0 2
Kingston, 
NY 10 0 24 0 32 0 20 0 27
Kingston, 
NY 15 0 31 0 32 0 28 0 31
Kingston, 
NY 20 0 36 0 33 0 29 0 34
Kingston, 
NY 25 0 39 0 40 0 38 0 45
Kingston, 
NY 30 0 48 0 49 0 52 0 48
Kingston, 
NY 35 0 57 0 66 0 60 0 54
Kingston, 
NY 40 0 69 0 66 0 61 0 58



Kingston, 
NY 45 0 74 0 71 0 72 1 76
Kingston, 
NY 50 0 75 0 73 1 77 2 77
Kingston, 
NY 55 3 84 0 74 2 89 6 84
Kingston, 
NY 60 7 89 1 91 4 89 9 84
Kingston, 
NY 100 8 89 4 91 9 89 11 87
Knoxville, 
TN 5 0       0 35 0 8
Knoxville, 
TN 10 0 35 0 31 0 35 0 20
Knoxville, 
TN 15 0 40 0 44 0 35 0 33
Knoxville, 
TN 20 0 52 0 52 0 49 0 43
Knoxville, 
TN 25 0 61 0 62 0 58 0 54
Knoxville, 
TN 30 0 67 0 63 1 79 0 65
Knoxville, 
TN 35 2 92 1 79 3 79 2 78
Knoxville, 
TN 40 10 92 12 84 9 94 10 87
Knoxville, 
TN 45 28 99 28 92 28 100 31 98
Knoxville, 
TN 50 37 101 35 102 50 100 49 112
Knoxville, 
TN 55 49 107 48 111 59 111 75 117
Knoxville, 
TN 60 51 109 50 111 60 111 83 122
Knoxville, 
TN 100 55 120 50 111 60 111 88 122
Lafayette, 
LA 5 0 12 0       0 37
Lafayette, 10 0 23 0 23 0 26 0 37



LA 
Lafayette, 
LA 15 0 34 0 36 0 38 0 38
Lafayette, 
LA 20 0 53 0 48 0 42 0 50
Lafayette, 
LA 25 0 56 0 54 0 62 0 61
Lafayette, 
LA 30 0 61 0 62 0 62 0 75
Lafayette, 
LA 35 0 67 0 68 0 70 0 75
Lafayette, 
LA 40 1 76 2 79 0 75 2 80
Lafayette, 
LA 45 4 84 2 79 6 81 3 80
Lafayette, 
LA 50 15 86 4 84 9 95 7 88
Lafayette, 
LA 55 27 94 11 87 9 95 11 89
Lafayette, 
LA 60 29 94 11 87 9 95 13 97
Lafayette, 
LA 100 33 106 11 87 9 95 15 97
Lake 
Charles, LA 5     0 20         
Lake 
Charles, LA 10 0 24 0 32 0 29 0 26
Lake 
Charles, LA 15 0 41 0 38 0 35 0 39
Lake 
Charles, LA 20 0 60 0 54 0 49 0 49
Lake 
Charles, LA 25 0 70 0 71 0 58 0 64
Lake 
Charles, LA 30 0 75 2 81 0 73 2 92
Lake 
Charles, LA 35 3 77 2 81 1 99 4 92
Lake 
Charles, LA 40 7 90 6 84 7 99 6 92



Lake 
Charles, LA 45 13 90 10 84 11 99 13 92
Lake 
Charles, LA 50 19 99 11 84 19 116 19 92
Lake 
Charles, LA 55 19 99 11 84 19 116 25 99
Lake 
Charles, LA 60 19 99 11 84 19 116 25 99
Lake 
Charles, LA 100 19 99 11 84 19 116 25 99
Las Vegas, 
NV 5 0 21 0 37 0 28 0 17
Las Vegas, 
NV 10 0 30 0 38 0 35 0 35
Las Vegas, 
NV 15 0 45 0 41 0 47 0 46
Las Vegas, 
NV 20 0 52 0 50 0 64 0 58
Las Vegas, 
NV 25 0 61 0 58 0 64 0 58
Las Vegas, 
NV 30 0 71 0 69 0 65 0 71
Las Vegas, 
NV 35 1 76 2 78 1 76 1 77
Las Vegas, 
NV 40 1 76 7 83 5 80 6 79
Las Vegas, 
NV 45 1 76 16 85 6 83 20 95
Las Vegas, 
NV 50 2 81 20 86 6 83 30 106
Las Vegas, 
NV 55 6 82 24 86 7 83 34 106
Las Vegas, 
NV 60 6 82 25 86 9 83 36 106
Las Vegas, 
NV 100 6 82 26 90 9 83 36 106
Lexington, 
KY 5 0 9 0 31 0 15 0 45
Lexington, 10 0 18 0 31 0 23 0 45



KY 
Lexington, 
KY 15 0 33 0 35 0 36 0 45
Lexington, 
KY 20 0 46 0 46 0 44 0 49
Lexington, 
KY 25 0 52 0 53 0 52 0 56
Lexington, 
KY 30 0 67 0 66 0 61 0 64
Lexington, 
KY 35 0 70 0 70 0 73 0 71
Lexington, 
KY 40 2 77 2 77 1 78 5 78
Lexington, 
KY 45 9 89 6 83 4 89 10 86
Lexington, 
KY 50 18 95 8 83 6 89 15 98
Lexington, 
KY 55 23 104 10 88 10 97 18 98
Lexington, 
KY 60 26 104 12 91 10 97 23 98
Lexington, 
KY 100 26 104 12 91 10 97 24 111
Lincoln, NE 5 0 22 0 13 0 8 0 11
Lincoln, NE 10 0 22 0 13 0 18 0 18
Lincoln, NE 15 0 26 0 29 0 27 0 28
Lincoln, NE 20 0 38 0 40 0 33 0 38
Lincoln, NE 25 0 49 0 41 0 42 0 50
Lincoln, NE 30 0 50 0 44 0 49 0 54
Lincoln, NE 35 0 52 0 50 0 52 0 54
Lincoln, NE 40 0 63 0 55 0 56 0 60
Lincoln, NE 45 0 67 0 56 0 57 0 60
Lincoln, NE 50 0 67 0 56 0 57 0 60
Lincoln, NE 55 0 67 0 56 0 57 0 60
Lincoln, NE 60 0 67 0 56 0 57 0 60
Lincoln, NE 100 0 67 0 56 0 57 0 60
Little Rock, 
AR 5 0 20 0 27 0 13 0 14



Little Rock, 
AR 10 0 33 0 27 0 28 0 28
Little Rock, 
AR 15 0 36 0 31 0 42 0 33
Little Rock, 
AR 20 0 43 0 39 0 61 0 44
Little Rock, 
AR 25 0 54 0 50 0 61 0 50
Little Rock, 
AR 30 0 56 0 60 0 64 0 64
Little Rock, 
AR 35 0 67 0 62 0 70 0 69
Little Rock, 
AR 40 1 76 0 71 0 73 0 72
Little Rock, 
AR 45 4 80 2 87 3 78 2 78
Little Rock, 
AR 50 12 86 6 87 5 79 7 82
Little Rock, 
AR 55 16 99 9 87 9 86 12 88
Little Rock, 
AR 60 21 100 9 87 10 86 13 88
Little Rock, 
AR 100 24 100 9 87 10 86 13 88
Los 
Angeles, 
CA 5 0 31 0 33 0 25 0 26
Los 
Angeles, 
CA 10 0 48 0 42 0 39 0 39
Los 
Angeles, 
CA 15 0 72 0 59 0 66 0 48
Los 
Angeles, 
CA 20 1 94 0 66 0 71 1 76
Los 
Angeles, 
CA 25 5 94 5 84 8 108 2 77



Los 
Angeles, 
CA 30 34 110 30 119 28 108 15 102
Los 
Angeles, 
CA 35 74 130 64 129 51 116 35 129
Los 
Angeles, 
CA 40 107 134 83 132 64 128 48 129
Los 
Angeles, 
CA 45 123 158 96 145 74 128 57 147
Los 
Angeles, 
CA 50 132 158 102 150 77 130 64 171
Los 
Angeles, 
CA 55 134 158 102 150 77 130 64 171
Los 
Angeles, 
CA 60 134 158 102 150 77 130 64 171
Los 
Angeles, 
CA 100 134 158 102 150 77 130 64 171
Louisville, 
KY 5 0 23 0 38 0 13 0 42
Louisville, 
KY 10 0 28 0 38 0 31 0 42
Louisville, 
KY 15 0 39 0 45 0 40 0 46
Louisville, 
KY 20 0 59 0 60 0 51 0 57
Louisville, 
KY 25 0 73 0 66 0 64 0 70
Louisville, 
KY 30 1 81 2 87 1 77 1 82
Louisville, 
KY 35 8 100 10 87 5 91 2 82
Louisville, 
KY 40 29 114 19 107 17 97 12 92



Louisville, 
KY 45 37 114 29 107 23 111 34 112
Louisville, 
KY 50 42 114 34 107 31 111 43 115
Louisville, 
KY 55 43 114 36 113 31 111 47 115
Louisville, 
KY 60 44 114 36 113 32 111 48 132
Louisville, 
KY 100 44 114 36 113 32 111 48 132
Madison, 
WI 5 0 36 0 40 0 38 0 31
Madison, 
WI 10 0 36 0 40 0 38 0 31
Madison, 
WI 15 0 36 0 40 0 38 0 31
Madison, 
WI 20 0 38 0 40 0 38 0 31
Madison, 
WI 25 0 41 0 42 0 43 0 43
Madison, 
WI 30 0 54 0 51 0 57 0 55
Madison, 
WI 35 0 55 0 58 0 57 0 59
Madison, 
WI 40 0 64 0 66 0 67 0 70
Madison, 
WI 45 0 70 0 73 0 70 0 71
Madison, 
WI 50 3 80 2 79 1 76 0 71
Madison, 
WI 55 6 81 4 84 3 81 2 76
Madison, 
WI 60 10 92 5 95 4 82 7 87
Madison, 
WI 100 15 99 7 95 5 85 8 87
Memphis, 
TN 5     0 21 0 12 0 15
Memphis, 10 0 25 0 23 0 26 0 25



TN 
Memphis, 
TN 15 0 37 0 36 0 39 0 36
Memphis, 
TN 20 0 40 0 41 0 47 0 50
Memphis, 
TN 25 0 55 0 65 0 61 0 60
Memphis, 
TN 30 1 80 1 77 0 61 0 63
Memphis, 
TN 35 3 80 3 88 2 80 0 73
Memphis, 
TN 40 12 87 5 89 10 96 3 83
Memphis, 
TN 45 25 123 17 95 22 100 21 100
Memphis, 
TN 50 39 123 29 104 32 100 37 108
Memphis, 
TN 55 50 123 33 104 35 108 44 108
Memphis, 
TN 60 53 123 36 119 35 108 52 123
Memphis, 
TN 100 56 123 38 119 35 108 55 123
Miami, FL 10 0 26     0 31 0 22
Miami, FL 15 0 44 0 39 0 52 0 47
Miami, FL 20 0 59 0 52 0 62 0 56
Miami, FL 25 0 61 0 65 0 65 0 70
Miami, FL 30 1 77 1 77 0 73 0 70
Miami, FL 35 6 90 2 77 0 73 2 81
Miami, FL 40 8 90 2 77 2 88 3 81
Miami, FL 45 8 90 4 98 6 88 6 85
Miami, FL 50 10 90 5 98 7 88 11 103
Miami, FL 55 10 90 5 98 7 88 16 103
Miami, FL 60 10 90 5 98 7 88 16 103
Miami, FL 100 10 90 5 98 7 88 18 103
Milwaukee, 
WI 5 0 42 0 40 0 42 0 35
Milwaukee, 10 0 42 0 40 0 42 0 35



WI 
Milwaukee, 
WI 15 0 42 0 40 0 42 0 41
Milwaukee, 
WI 20 0 42 0 43 0 52 0 44
Milwaukee, 
WI 25 0 62 0 53 0 52 0 63
Milwaukee, 
WI 30 0 62 0 59 0 63 0 63
Milwaukee, 
WI 35 0 65 0 63 0 71 2 78
Milwaukee, 
WI 40 0 70 1 80 2 105 3 81
Milwaukee, 
WI 45 3 82 7 83 5 105 4 81
Milwaukee, 
WI 50 5 83 10 92 6 105 9 105
Milwaukee, 
WI 55 11 98 12 92 8 105 17 105
Milwaukee, 
WI 60 17 115 12 92 8 105 21 105
Milwaukee, 
WI 100 25 116 15 116 11 126 21 105
Mobile, AL 5 0 14 0 11 0 19 0 35
Mobile, AL 10 0 36 0 37 0 26 0 35
Mobile, AL 15 0 54 0 51 0 47 0 40
Mobile, AL 20 0 54 0 55 0 47 0 54
Mobile, AL 25 0 64 0 57 0 60 0 58
Mobile, AL 30 0 65 0 69 0 66 0 74
Mobile, AL 35 0 69 0 74 5 81 2 80
Mobile, AL 40 7 85 2 87 10 87 9 84
Mobile, AL 45 8 85 5 90 12 91 15 98
Mobile, AL 50 8 85 5 90 12 91 16 98
Mobile, AL 55 8 85 6 94 12 91 18 98
Mobile, AL 60 9 85 6 94 12 91 20 106
Mobile, AL 100 9 85 6 94 12 91 20 106
Modesto, 
CA 5 0 14 0 16 0 13 0 10



Modesto, 
CA 10 0 36 0 36 0 29 0 38
Modesto, 
CA 15 0 45 0 42 0 38 0 38
Modesto, 
CA 20 0 56 0 49 0 52 0 49
Modesto, 
CA 25 0 70 0 63 0 57 0 63
Modesto, 
CA 30 1 76 0 72 0 64 0 70
Modesto, 
CA 35 2 78 3 88 0 72 0 73
Modesto, 
CA 40 15 94 9 88 4 82 4 85
Modesto, 
CA 45 24 95 32 92 11 91 17 92
Modesto, 
CA 50 30 106 39 97 19 100 32 97
Modesto, 
CA 55 33 106 48 111 20 100 41 103
Modesto, 
CA 60 36 111 50 111 20 100 46 121
Modesto, 
CA 100 36 111 50 111 20 100 48 125
Muskegon, 
MI 5 0 6 0 42 0 12 0 38
Muskegon, 
MI 10 0 26 0 42 0 14 0 38
Muskegon, 
MI 15 0 31 0 42 0 36 0 38
Muskegon, 
MI 20 0 51 0 44 0 47 0 42
Muskegon, 
MI 25 0 51 0 55 0 50 0 54
Muskegon, 
MI 30 0 55 0 70 0 58 0 70
Muskegon, 
MI 35 1 82 2 78 0 68 1 77
Muskegon, 40 3 84 4 78 0 68 1 77



MI 
Muskegon, 
MI 45 4 84 5 79 3 85 5 83
Muskegon, 
MI 50 8 89 7 85 5 85 7 99
Muskegon, 
MI 55 13 102 9 101 9 99 12 100
Muskegon, 
MI 60 15 102 9 101 9 99 16 100
Muskegon, 
MI 100 21 153 12 129 10 100 22 100
Nashville, 
TN 5 0 15         0 16
Nashville, 
TN 10 0 35 0 30 0 26 0 34
Nashville, 
TN 15 0 49 0 43 0 39 0 43
Nashville, 
TN 20 0 49 0 50 0 48 0 58
Nashville, 
TN 25 0 58 0 58 0 61 0 63
Nashville, 
TN 30 2 81 0 64 2 79 1 76
Nashville, 
TN 35 5 89 5 89 5 80 6 87
Nashville, 
TN 40 26 96 21 95 19 95 21 98
Nashville, 
TN 45 44 102 34 97 37 110 41 111
Nashville, 
TN 50 55 104 44 107 43 110 53 111
Nashville, 
TN 55 58 104 47 107 46 110 56 111
Nashville, 
TN 60 59 108 47 107 47 110 56 111
Nashville, 
TN 100 59 108 48 107 47 110 56 111
New 
Orleans, LA 5 0 7 0 24 0 10 0 14



New 
Orleans, LA 10 0 35 0 29 0 30 0 34
New 
Orleans, LA 15 0 37 0 46 0 44 0 42
New 
Orleans, LA 20 0 50 0 51 0 47 0 58
New 
Orleans, LA 25 0 66 0 61 0 62 0 64
New 
Orleans, LA 30 0 74 0 74 0 69 0 69
New 
Orleans, LA 35 1 81 1 78 3 83 3 81
New 
Orleans, LA 40 11 87 5 88 7 89 7 82
New 
Orleans, LA 45 21 93 10 88 15 99 11 90
New 
Orleans, LA 50 29 102 13 89 17 99 15 100
New 
Orleans, LA 55 33 102 14 101 17 99 16 102
New 
Orleans, LA 60 33 102 14 101 17 99 18 103
New 
Orleans, LA 100 33 102 14 101 17 99 18 103
New York 
City, NY 5 0 42 0 41 0 29 0 31
New York 
City, NY 10 0 44 0 43 0 42 0 40
New York 
City, NY 15 1 77 0 55 0 51 0 49
New York 
City, NY 20 1 77 0 63 0 66 0 59
New York 
City, NY 25 2 86 1 84 1 92 0 73
New York 
City, NY 30 5 86 6 93 3 92 1 90
New York 
City, NY 35 9 101 17 93 7 92 13 96
New York 40 22 101 29 100 16 107 21 96



City, NY 
New York 
City, NY 45 29 105 36 101 22 107 39 122
New York 
City, NY 50 34 118 44 119 31 107 51 122
New York 
City, NY 55 37 118 47 119 35 107 57 122
New York 
City, NY 60 42 119 48 119 40 122 58 122
New York 
City, NY 100 47 147 48 119 43 150 60 122
Oakland, 
CA 5 0 23 0 29 0 30 0 27
Oakland, 
CA 10 0 48 0 39 0 37 0 45
Oakland, 
CA 15 0 59 0 53 0 57 0 60
Oakland, 
CA 20 0 70 1 80 0 72 1 86
Oakland, 
CA 25 3 81 8 91 1 84 5 100
Oakland, 
CA 30 8 83 16 112 2 84 14 110
Oakland, 
CA 35 13 97 20 112 3 84 19 110
Oakland, 
CA 40 19 115 21 112 4 84 19 110
Oakland, 
CA 45 19 115 21 112 4 84 19 110
Oakland, 
CA 50 20 115 21 112 4 84 19 110
Oakland, 
CA 55 20 115 21 112 4 84 19 110
Oakland, 
CA 60 20 115 21 112 4 84 19 110
Oakland, 
CA 100 20 115 21 112 4 84 19 110
Oklahoma 
City, OK 5 0 12 0 13 0 18 0 11



Oklahoma 
City, OK 10 0 26 0 27 0 25 0 28
Oklahoma 
City, OK 15 0 36 0 37 0 39 0 33
Oklahoma 
City, OK 20 0 46 0 41 0 51 0 44
Oklahoma 
City, OK 25 0 53 0 57 0 57 0 50
Oklahoma 
City, OK 30 0 66 0 63 0 60 0 61
Oklahoma 
City, OK 35 0 70 1 78 0 65 0 66
Oklahoma 
City, OK 40 0 70 2 93 0 69 1 84
Oklahoma 
City, OK 45 8 99 2 93 2 88 3 84
Oklahoma 
City, OK 50 13 99 5 93 8 88 9 92
Oklahoma 
City, OK 55 21 103 8 93 13 88 19 97
Oklahoma 
City, OK 60 26 103 9 93 13 88 26 102
Oklahoma 
City, OK 100 29 103 10 93 15 96 35 125
Omaha, NE 5 0 15 0 20 0   0 35
Omaha, NE 10 0 23 0 27 0 39 0 35
Omaha, NE 15 0 37 0 39 0 42 0 38
Omaha, NE 20 0 56 0 50 0 50 0 55
Omaha, NE 25 0 56 0 50 0 61 0 60
Omaha, NE 30 0 68 0 55 0 63 0 64
Omaha, NE 35 1 77 0 61 0 68 0 66
Omaha, NE 40 2 77 0 66 1 77 1 80
Omaha, NE 45 2 77 0 66 1 77 2 89
Omaha, NE 50 3 84 0 66 1 77 5 89
Omaha, NE 55 3 84 0 66 1 77 5 89
Omaha, NE 60 3 84 0 66 1 77 5 89
Omaha, NE 100 3 84 0 66 1 77 5 89
Orlando, FL 5         0 18 0 14



Orlando, FL 10 0 34 0 34 0 25 0 29
Orlando, FL 15 0 45 0 44 0 41 0 38
Orlando, FL 20 0 52 0 65 0 53 0 52
Orlando, FL 25 0 61 0 65 0 66 0 62
Orlando, FL 30 0 70 2 82 1 76 0 72
Orlando, FL 35 1 77 4 82 1 76 1 76
Orlando, FL 40 6 86 6 89 1 76 1 76
Orlando, FL 45 8 86 7 89 3 87 7 86
Orlando, FL 50 9 86 8 89 6 101 14 108
Orlando, FL 55 10 86 8 89 7 101 19 108
Orlando, FL 60 10 86 8 89 7 101 22 108
Orlando, FL 100 10 86 8 89 7 101 23 108
Philadelphia
, PA 5 0 35 0 34 0 33 0 38
Philadelphia
, PA 10 0 38 0 40 0 40 0 46
Philadelphia
, PA 15 0 47 0 51 0 49 0 48
Philadelphia
, PA 20 0 67 0 55 0 58 0 57
Philadelphia
, PA 25 0 67 0 62 0 63 0 59
Philadelphia
, PA 30 1 82 1 80 0 72 0 68
Philadelphia
, PA 35 7 95 6 84 3 87 3 79
Philadelphia
, PA 40 15 105 13 88 9 87 17 96
Philadelphia
, PA 45 35 105 24 92 17 103 34 105
Philadelphia
, PA 50 47 105 37 101 26 103 45 105
Philadelphia
, PA 55 52 109 41 107 34 137 55 131
Philadelphia
, PA 60 55 111 43 118 38 137 60 131
Philadelphia
, PA 100 62 135 43 118 43 137 63 131



Phoenix, AZ 5 0 16             
Phoenix, AZ 10 0 36 0 25 0 24     
Phoenix, AZ 15 0 43 0 44 0 51 0 56
Phoenix, AZ 20 0 50 0 48 0 62 0 63
Phoenix, AZ 25 0 65 0 63 0 63 0 63
Phoenix, AZ 30 2 79 0 72 0 70 0 67
Phoenix, AZ 35 5 84 6 82 1 81 0 72
Phoenix, AZ 40 28 92 17 90 12 91 13 84
Phoenix, AZ 45 41 98 31 91 27 91 35 88
Phoenix, AZ 50 50 99 43 106 41 91 71 94
Phoenix, AZ 55 50 99 49 106 46 99 79 95
Phoenix, AZ 60 50 99 49 106 47 99 82 103
Phoenix, AZ 100 50 99 49 106 47 99 82 103
Pittsburgh, 
PA 5 0 19 0 21 0 30 0 24
Pittsburgh, 
PA 10 0 29 0 49 0 30 0 34
Pittsburgh, 
PA 15 0 36 0 49 0 44 0 57
Pittsburgh, 
PA 20 0 73 0 56 0 55 0 57
Pittsburgh, 
PA 25 0 73 0 64 0 68 0 70
Pittsburgh, 
PA 30 0 73 0 70 1 84 1 76
Pittsburgh, 
PA 35 2 83 3 79 3 84 7 87
Pittsburgh, 
PA 40 9 93 13 91 11 90 24 99
Pittsburgh, 
PA 45 24 115 23 94 23 90 39 99
Pittsburgh, 
PA 50 30 125 30 96 30 100 56 116
Pittsburgh, 
PA 55 34 125 33 112 35 109 60 116
Pittsburgh, 
PA 60 36 125 34 112 39 112 61 116
Pittsburgh, 100 37 125 36 112 40 117 63 116



PA 
Portland, 
OR 5 0 12 0 17 0 28 0 17
Portland, 
OR 10 0 24 0 23 0 34 0 25
Portland, 
OR 15 0 41 0 44 0 35 0 43
Portland, 
OR 20 0 51 0 44 0 52 0 48
Portland, 
OR 25 0 57 0 73 0 55 0 66
Portland, 
OR 30 0 73 0 73 0 63 0 69
Portland, 
OR 35 1 84 3 83 0 72 4 81
Portland, 
OR 40 4 87 5 83 0 72 6 81
Portland, 
OR 45 4 87 8 99 1 82 8 98
Portland, 
OR 50 5 93 9 99 1 82 9 116
Portland, 
OR 55 5 93 11 112 1 82 9 116
Portland, 
OR 60 5 93 12 120 1 82 9 116
Portland, 
OR 100 5 93 12 120 1 82 9 116
Providence, 
RI 5 0 28 0 24 0 15 0 26
Providence, 
RI 10 0 32 0 28 0 34 0 26
Providence, 
RI 15 0 42 0 46 0 34 0 37
Providence, 
RI 20 0 56 0 48 0 61 0 43
Providence, 
RI 25 0 64 0 54 0 62 0 56
Providence, 
RI 30 0 74 0 66 0 63 0 67



Providence, 
RI 35 2 88 0 69 2 93 0 73
Providence, 
RI 40 3 88 1 79 2 93 4 82
Providence, 
RI 45 5 88 6 90 4 93 6 91
Providence, 
RI 50 11 106 12 104 6 93 11 91
Providence, 
RI 55 16 106 16 113 10 93 14 99
Providence, 
RI 60 18 108 17 113 14 100 17 99
Providence, 
RI 100 24 139 18 113 22 107 18 105
Raleigh, NC 5 0 39 0 31 0 41 0 19
Raleigh, NC 10 0 39 0 31 0 41 0 21
Raleigh, NC 15 0 45 0 31 0 41 0 36
Raleigh, NC 20 0 54 0 45 0 43 0 51
Raleigh, NC 25 0 56 0 65 0 58 0 60
Raleigh, NC 30 0 66 0 69 0 68 0 60
Raleigh, NC 35 0 73 0 71 1 76 0 69
Raleigh, NC 40 1 84 0 75 1 76 0 74
Raleigh, NC 45 5 84 6 84 8 87 4 88
Raleigh, NC 50 18 90 17 86 20 89 16 94
Raleigh, NC 55 31 91 27 100 41 94 39 97
Raleigh, NC 60 37 93 36 100 53 103 63 102
Raleigh, NC 100 39 99 37 100 65 114 80 119
Riverside, 
CA 10 0 39 0 39 0 29     
Riverside, 
CA 15 0 46 0 47 0 55 0 46
Riverside, 
CA 20 0 71 0 52 0 60 0 60
Riverside, 
CA 25 0 71 0 64 1 80 0 64
Riverside, 
CA 30 1 76 0 73 3 85 0 67
Riverside, 35 7 99 8 106 8 89 2 83



CA 
Riverside, 
CA 40 29 111 18 106 23 107 15 90
Riverside, 
CA 45 56 122 41 111 54 107 45 121
Riverside, 
CA 50 84 144 69 116 90 118 71 135
Riverside, 
CA 55 119 165 100 151 124 125 86 145
Riverside, 
CA 60 138 170 116 164 142 135 100 166
Riverside, 
CA 100 154 203 149 173 155 148 125 206
Rochester, 
NY 5 0 19 0 23 0 19     
Rochester, 
NY 10 0 23 0 32 0 26 0 36
Rochester, 
NY 15 0 33 0 35 0 46 0 36
Rochester, 
NY 20 0 39 0 46 0 46 0 40
Rochester, 
NY 25 0 48 0 52 0 51 0 48
Rochester, 
NY 30 0 57 0 65 0 53 0 53
Rochester, 
NY 35 0 62 0 66 0 62 0 61
Rochester, 
NY 40 0 67 0 73 0 66 0 71
Rochester, 
NY 45 1 77 1 80 0 72 2 81
Rochester, 
NY 50 1 77 1 80 2 82 5 91
Rochester, 
NY 55 2 77 1 80 3 82 7 91
Rochester, 
NY 60 6 97 2 80 3 82 10 91
Rochester, 
NY 100 10 101 2 80 12 97 13 93



Sacramento
, CA 5                 
Sacramento
, CA 10 0 36 0 49 0 47 0 40
Sacramento
, CA 15 0 51 0 49 0 47 0 51
Sacramento
, CA 20 0 57 0 50 0 62 0 52
Sacramento
, CA 25 0 68 0 60 0 67 0 73
Sacramento
, CA 30 3 80 0 74 0 74 0 73
Sacramento
, CA 35 9 95 6 88 3 80 2 83
Sacramento
, CA 40 32 104 23 97 17 91 15 94
Sacramento
, CA 45 49 121 48 105 36 107 38 101
Sacramento
, CA 50 59 121 70 126 44 107 54 137
Sacramento
, CA 55 65 128 76 126 45 107 56 137
Sacramento
, CA 60 65 128 76 126 45 107 61 137
Sacramento
, CA 100 65 128 76 126 45 107 61 137
Salt Lake 
City, UT 5 0 16 0 30 0 50 0 24
Salt Lake 
City, UT 10 0 16 0 30 0 50 0 24
Salt Lake 
City, UT 15 0 16 0 30 0 50 0 24
Salt Lake 
City, UT 20 0 16 0 41 0 50 0 39
Salt Lake 
City, UT 25 0 49 0 51 0 50 0 50
Salt Lake 
City, UT 30 0 60 0 59 0 60 0 66
Salt Lake 35 0 70 2 95 0 65 1 77



City, UT 
Salt Lake 
City, UT 40 2 83 4 95 2 77 3 88
Salt Lake 
City, UT 45 7 83 14 97 5 78 10 95
Salt Lake 
City, UT 50 10 93 23 111 7 86 19 98
Salt Lake 
City, UT 55 11 100 25 111 7 86 27 103
Salt Lake 
City, UT 60 11 100 25 111 7 86 29 108
Salt Lake 
City, UT 100 11 100 25 111 7 86 29 108
San 
Antonio, TX 5 0 16 0 13 0 12 0 9
San 
Antonio, TX 10 0 25 0 42 0 27 0 29
San 
Antonio, TX 15 0 40 0 43 0 39 0 46
San 
Antonio, TX 20 0 51 0 52 0 49 0 49
San 
Antonio, TX 25 0 65 0 53 0 59 0 63
San 
Antonio, TX 30 0 65 0 67 0 64 1 82
San 
Antonio, TX 35 2 77 1 79 1 83 1 82
San 
Antonio, TX 40 5 90 2 80 2 83 6 95
San 
Antonio, TX 45 13 90 5 83 5 89 9 95
San 
Antonio, TX 50 18 95 6 83 7 96 12 101
San 
Antonio, TX 55 30 108 9 96 9 96 16 110
San 
Antonio, TX 60 32 108 10 98 11 96 16 110
San 
Antonio, TX 100 33 108 10 98 11 96 17 110



San Diego, 
CA 5     0 11 0 10 0 43
San Diego, 
CA 10 0 32 0 43 0 38 0 51
San Diego, 
CA 15 0 64 0 51 0 45 0 54
San Diego, 
CA 20 0 64 0 65 0 60 0 56
San Diego, 
CA 25 2 85 0 74 1 83 0 74
San Diego, 
CA 30 12 107 8 92 2 83 8 115
San Diego, 
CA 35 45 107 16 92 15 87 23 115
San Diego, 
CA 40 66 109 32 97 28 99 36 115
San Diego, 
CA 45 79 122 53 103 38 112 48 122
San Diego, 
CA 50 89 122 63 117 41 112 58 141
San Diego, 
CA 55 93 122 64 117 42 112 58 141
San Diego, 
CA 60 94 122 64 117 43 112 58 141
San Diego, 
CA 100 94 122 64 117 43 112 58 141
San Jose, 
CA 5 0 24 0 25 0 28     
San Jose, 
CA 10 0 44 0 45 0 42 0 44
San Jose, 
CA 15 0 51 0 50 0 53 0 50
San Jose, 
CA 20 0 74 2 79 0 72 2 78
San Jose, 
CA 25 4 87 7 86 3 76 4 78
San Jose, 
CA 30 5 87 17 94 5 91 9 96
San Jose, 35 11 102 27 97 6 91 16 97



CA 
San Jose, 
CA 40 16 104 33 101 6 91 24 111
San Jose, 
CA 45 21 104 35 101 7 91 25 111
San Jose, 
CA 50 21 104 38 103 7 91 25 111
San Jose, 
CA 55 24 109 39 103 7 91 25 111
San Jose, 
CA 60 24 109 39 103 7 91 25 111
San Jose, 
CA 100 24 109 39 103 7 91 25 111
Seattle, WA 5 0 16 0 7 0 10 0 11
Seattle, WA 10 0 33 0 49 0 43 0 27
Seattle, WA 15 0 40 0 50 0 50 0 47
Seattle, WA 20 0 49 0 62 0 56 0 68
Seattle, WA 25 0 60 0 64 0 63 0 72
Seattle, WA 30 0 66 0 65 0 67 0 72
Seattle, WA 35 0 70 2 78 2 92 1 77
Seattle, WA 40 2 83 7 90 3 92 3 85
Seattle, WA 45 4 83 10 100 3 92 4 101
Seattle, WA 50 4 83 12 100 3 92 6 111
Seattle, WA 55 4 83 12 100 3 92 6 111
Seattle, WA 60 4 83 12 100 3 92 6 111
Seattle, WA 100 4 83 12 100 3 92 6 111
Shreveport, 
LA 5     0 12 0 6 0 10
Shreveport, 
LA 10 0 15 0 32 0 20 0 21
Shreveport, 
LA 15 0 36 0 32 0 36 0 33
Shreveport, 
LA 20 0 44 0 45 0 46 0 48
Shreveport, 
LA 25 0 54 0 59 0 50 0 59
Shreveport, 
LA 30 0 64 0 67 0 65 0 68



Shreveport, 
LA 35 1 76 0 71 2 78 0 73
Shreveport, 
LA 40 6 84 1 79 6 85 3 93
Shreveport, 
LA 45 11 93 2 83 12 85 12 93
Shreveport, 
LA 50 14 93 5 90 18 89 21 93
Shreveport, 
LA 55 14 93 6 90 20 89 26 99
Shreveport, 
LA 60 14 93 6 90 20 89 31 102
Shreveport, 
LA 100 14 93 6 90 20 89 32 102
Spokane, 
WA 5 0 40 0 23 0 26 0 28
Spokane, 
WA 10 0 40 0 23 0 26 0 28
Spokane, 
WA 15 0 40 0 23 0 26 0 28
Spokane, 
WA 20 0 40 0 35 0 31 0 30
Spokane, 
WA 25 0 40 0 37 0 36 0 34
Spokane, 
WA 30 0 42 0 51 0 43 0 44
Spokane, 
WA 35 0 46 0 51 0 49 0 57
Spokane, 
WA 40 0 58 0 60 0 54 0 57
Spokane, 
WA 45 0 63 0 60 0 61 0 59
Spokane, 
WA 50 0 65 0 67 0 70 0 66
Spokane, 
WA 55 0 68 0 72 1 77 0 70
Spokane, 
WA 60 0 75 0 72 1 77 0 74
Spokane, 100 0 75 0 72 1 77 0 74



WA 
St Louis, 
MO 5 0 15 0 23 0 16 0 22
St Louis, 
MO 10 0 41 0 28 0 33 0 34
St Louis, 
MO 15 0 41 0 49 0 40 0 42
St Louis, 
MO 20 0 49 0 49 0 53 0 49
St Louis, 
MO 25 1 78 0 61 0 64 0 70
St Louis, 
MO 30 1 78 0 73 0 70 2 84
St Louis, 
MO 35 12 98 8 97 7 90 8 90
St Louis, 
MO 40 24 113 16 97 15 109 20 100
St Louis, 
MO 45 34 114 28 105 24 109 36 116
St Louis, 
MO 50 47 125 31 105 32 112 43 116
St Louis, 
MO 55 49 125 35 108 33 112 48 124
St Louis, 
MO 60 51 125 37 135 33 112 48 124
St Louis, 
MO 100 51 125 37 135 33 112 48 124
Stockton, 
CA 5 0 18 0 19 0 14 0 28
Stockton, 
CA 10 0 35 0 33 0 30 0 32
Stockton, 
CA 15 0 43 0 41 0 38 0 45
Stockton, 
CA 20 0 50 0 50 0 50 0 46
Stockton, 
CA 25 0 53 0 57 0 56 0 54
Stockton, 
CA 30 0 65 0 71 0 64 0 65



Stockton, 
CA 35 1 78 1 78 0 74 0 71
Stockton, 
CA 40 4 79 14 96 5 87 6 85
Stockton, 
CA 45 10 91 23 96 7 99 15 90
Stockton, 
CA 50 16 99 31 96 7 99 21 94
Stockton, 
CA 55 16 99 32 96 7 99 22 100
Stockton, 
CA 60 18 107 33 96 7 99 22 100
Stockton, 
CA 100 18 107 33 96 7 99 22 100
Syracuse, 
NY 5 0 11 0 20 0 10 0 18
Syracuse, 
NY 10 0 23 0 29 0 26 0 28
Syracuse, 
NY 15 0 27 0 39 0 42 0 42
Syracuse, 
NY 20 0 50 0 40 0 54 0 48
Syracuse, 
NY 25 0 50 0 52 0 54 0 51
Syracuse, 
NY 30 0 60 0 63 0 62 0 74
Syracuse, 
NY 35 0 71 0 65 0 62 0 74
Syracuse, 
NY 40 0 71 0 69 0 65 0 75
Syracuse, 
NY 45 2 78 1 77 0 71 0 75
Syracuse, 
NY 50 3 78 2 79 1 79 2 82
Syracuse, 
NY 55 6 92 2 79 5 87 5 88
Syracuse, 
NY 60 6 92 2 79 6 89 8 88
Syracuse, 100 10 95 3 82 6 89 10 91



NY 

Tampa, FL 5 0 12         0 21
Tampa, FL 10 0 24 0 32 0 25 0 28
Tampa, FL 15 0 42 0 42 0 41 0 46
Tampa, FL 20 0 62 0 66 0 55 0 65
Tampa, FL 25 0 65 0 66 0 64 0 65
Tampa, FL 30 0 66 0 75 0 69 1 78
Tampa, FL 35 1 77 0 75 1 80 1 78
Tampa, FL 40 2 77 0 75 6 80 4 83
Tampa, FL 45 9 104 5 103 12 84 5 83
Tampa, FL 50 11 104 7 103 16 90 11 95
Tampa, FL 55 13 104 8 103 21 90 16 95
Tampa, FL 60 14 104 8 103 23 91 22 107
Tampa, FL 100 14 104 8 103 24 91 26 122
Toledo, OH 5 0 20 0 40 0 24 0 42
Toledo, OH 10 0 22 0 40 0 24 0 42
Toledo, OH 15 0 38 0 40 0 34 0 45
Toledo, OH 20 0 48 0 42 0 50 0 51
Toledo, OH 25 0 54 0 59 0 55 0 69
Toledo, OH 30 0 69 0 71 0 65 0 69
Toledo, OH 35 1 80 0 71 0 71 0 73
Toledo, OH 40 3 80 4 82 3 80 3 84
Toledo, OH 45 5 83 8 82 8 88 13 90
Toledo, OH 50 11 100 11 86 12 92 18 96
Toledo, OH 55 15 100 14 88 13 97 21 96
Toledo, OH 60 18 104 21 112 13 97 21 96
Toledo, OH 100 19 104 22 112 14 102 21 96
Tucson, AZ 10 0 24 0 29 0 25 0 29
Tucson, AZ 15 0 40 0 42 0 43 0 39
Tucson, AZ 20 0 49 0 45 0 46 0 47
Tucson, AZ 25 0 58 0 54 0 53 0 54
Tucson, AZ 30 0 60 0 60 0 58 0 62
Tucson, AZ 35 0 66 0 70 0 69 0 71
Tucson, AZ 40 1 80 0 75 0 69 0 74
Tucson, AZ 45 5 83 3 81 3 79 4 80



Tucson, AZ 50 14 89 6 81 6 81 7 80
Tucson, AZ 55 15 89 8 84 8 85 7 80
Tucson, AZ 60 16 92 8 84 8 85 7 80
Tucson, AZ 100 16 92 8 84 8 85 7 80
Tulsa, OK 5 0 15 0 12 0 13 0 16
Tulsa, OK 10 0 34 0 31 0 21 0 24
Tulsa, OK 15 0 42 0 34 0 36 0 35
Tulsa, OK 20 0 49 0 43 0 44 0 58
Tulsa, OK 25 0 49 0 58 0 54 0 58
Tulsa, OK 30 0 65 0 67 0 64 0 58
Tulsa, OK 35 0 75 1 78 1 77 0 72
Tulsa, OK 40 10 95 9 90 6 90 1 77
Tulsa, OK 45 19 97 14 91 9 90 10 82
Tulsa, OK 50 23 97 16 91 12 90 21 94
Tulsa, OK 55 33 115 20 91 16 90 28 98
Tulsa, OK 60 36 115 25 112 16 90 35 98
Tulsa, OK 100 41 115 25 112 16 90 39 117
Washington
, DC 5 0 22 0 32 0 22 0 26
Washington
, DC 10 0 32 0 56 0 35 0 32
Washington
, DC 15 0 61 0 67 0 50 0 43
Washington
, DC 20 0 69 0 67 0 56 0 64
Washington
, DC 25 0 69 0 69 0 66 0 66
Washington
, DC 30 3 92 3 80 3 85 1 81
Washington
, DC 35 9 92 16 87 8 88 7 91
Washington
, DC 40 21 92 26 94 18 94 18 93
Washington
, DC 45 37 113 38 98 34 104 39 102
Washington
, DC 50 49 122 46 105 43 104 57 106



Washington
, DC 55 52 122 47 105 49 117 63 117
Washington
, DC 60 56 123 47 105 52 140 68 117
Washington
, DC 100 56 123 47 105 54 140 69 117
Wichita, KS 5 0 19 0 10     0 8
Wichita, KS 10 0 26 0 25 0 21 0 25
Wichita, KS 15 0 33 0 39 0 32 0 39
Wichita, KS 20 0 45 0 43 0 44 0 49
Wichita, KS 25 0 56 0 54 0 45 0 49
Wichita, KS 30 0 62 0 59 0 51 0 55
Wichita, KS 35 0 66 1 80 0 69 0 71
Wichita, KS 40 0 67 1 80 1 85 0 71
Wichita, KS 45 1 76 2 86 1 85 0 74
Wichita, KS 50 4 88 2 86 1 85 3 89
Wichita, KS 55 7 88 2 86 2 85 4 89
Wichita, KS 60 7 88 3 86 4 85 7 89
Wichita, KS 100 7 88 3 86 8 87 12 94
Worcester, 
MA 5 0 12 0 16 0 15 0 14
Worcester, 
MA 10 0 26 0 31 0 23 0 27
Worcester, 
MA 15 0 29 0 32 0 34 0 30
Worcester, 
MA 20 0 36 0 37 0 34 0 34
Worcester, 
MA 25 0 38 0 43 0 40 0 49
Worcester, 
MA 30 0 52 0 52 0 50 0 49
Worcester, 
MA 35 0 53 0 52 0 57 0 49
Worcester, 
MA 40 0 67 0 60 0 64 0 59
Worcester, 
MA 45 0 69 0 67 0 69 0 68
Worcester, 50 0 75 0 73 0 70 0 74



MA 
Worcester, 
MA 55 1 78 0 74 0 72 1 77
Worcester, 
MA 60 2 80 1 80 0 75 7 87
Worcester, 
MA 100 15 108 2 80 8 97 14 123
 

 



Number of exceedances of 75 ppb and highest 8-h concentration for different cutoff concentrations (Continued) 

city 

cutoff 
conc.  
(ppb) 

Number of 
exceedanc
es of 75 
ppb 1999 

Highest 8-
hour conc. 
(ppb) 1999 

Number of 
exceedanc
es of 75 
ppb 2000 

Highest 8-
hour conc. 
(ppb) 2000 

Number of 
exceedanc
es of 75 
ppb 2001 

Highest 8-
hour conc. 
(ppb) 2001 

Number of 
exceedanc
es of 75 
ppb 2002 

Highest 8-
hour conc. 
(ppb) 2002 

Akron, OH 5 0 33 0 2 0 29 0 34
Akron, OH 10 0 33 0 28 0 29 0 34
Akron, OH 15 0 35 0 41 0 37 0 36
Akron, OH 20 0 37 0 44 0 47 0 39
Akron, OH 25 0 55 0 54 0 55 0 56
Akron, OH 30 0 68 0 60 0 62 1 78
Akron, OH 35 0 70 0 69 0 73 1 78
Akron, OH 40 1 76 0 72 2 78 1 78
Akron, OH 45 8 95 1 76 4 93 6 82
Akron, OH 50 16 95 3 94 11 94 16 102
Akron, OH 55 28 98 6 94 16 100 26 103
Akron, OH 60 32 102 6 94 21 103 32 107
Akron, OH 100 36 113 9 99 23 108 37 112
Albuquerqu
e, NM 10 0 34 0 32 0 31 0 40
Albuquerqu
e, NM 15 0 42 0 41 0 40 0 43
Albuquerqu
e, NM 20 0 49 0 51 0 47 0 47
Albuquerqu
e, NM 25 0 60 0 56 0 53 0 52
Albuquerqu
e, NM 30 0 64 0 61 0 61 0 63
Albuquerqu
e, NM 35 0 69 0 68 0 65 0 68
Albuquerqu
e, NM 40 0 75 0 75 0 70 1 84
Albuquerqu
e, NM 45 1 76 2 78 0 74 4 84
Albuquerqu
e, NM 50 3 87 5 84 1 85 5 84
Albuquerqu 55 3 87 6 84 1 85 9 84



e, NM 
Albuquerqu
e, NM 60 5 87 8 84 1 85 9 84
Albuquerqu
e, NM 100 5 87 8 84 1 85 9 84
Atlanta, GA 5 0 28 0 34 0 28 0 41
Atlanta, GA 10 0 28 0 34 0 28 0 41
Atlanta, GA 15 0 42 0 36 0 51 0 41
Atlanta, GA 20 0 57 0 54 0 55 0 54
Atlanta, GA 25 0 66 0 69 0 65 0 70
Atlanta, GA 30 2 83 2 84 1 88 2 77
Atlanta, GA 35 6 87 4 84 8 88 8 90
Atlanta, GA 40 17 98 20 99 25 95 23 99
Atlanta, GA 45 44 110 48 120 39 108 40 112
Atlanta, GA 50 68 123 61 137 47 114 51 121
Atlanta, GA 55 81 132 68 137 47 114 58 121
Atlanta, GA 60 90 132 70 138 47 114 59 127
Atlanta, GA 100 92 139 70 138 47 114 59 127
Austin, TX 5     0 14 0 9 0 11
Austin, TX 10 0 20 0 19 0 29 0 20
Austin, TX 15 0 32 0 30 0 35 0 33
Austin, TX 20 0 45 0 48 0 42 0 38
Austin, TX 25 0 52 0 50 0 57 0 46
Austin, TX 30 0 66 0 55 0 59 0 59
Austin, TX 35 0 69 0 67 0 64 0 64
Austin, TX 40 2 79 0 75 0 75 0 68
Austin, TX 45 4 81 0 75 0 75 0 75
Austin, TX 50 10 87 4 86 2 80 0 75
Austin, TX 55 14 87 7 86 2 80 4 96
Austin, TX 60 20 97 13 88 5 82 5 96
Austin, TX 100 33 103 19 100 7 85 8 100
Bakersfield, 
CA 5             0 18
Bakersfield, 
CA 10 0 48 0 40 0 39 0 40
Bakersfield, 15 0 48 0 44 0 45 0 43



CA 
Bakersfield, 
CA 20 0 50 0 52 0 67 0 53
Bakersfield, 
CA 25 0 57 0 54 0 67 0 60
Bakersfield, 
CA 30 0 64 0 61 0 67 0 62
Bakersfield, 
CA 35 0 75 0 68 0 72 0 71
Bakersfield, 
CA 40 7 85 7 88 5 86 2 79
Bakersfield, 
CA 45 21 92 29 89 15 86 12 87
Bakersfield, 
CA 50 51 106 59 111 40 92 46 101
Bakersfield, 
CA 55 78 106 91 117 76 108 76 102
Bakersfield, 
CA 60 109 112 110 117 104 108 105 114
Bakersfield, 
CA 100 129 112 118 117 126 115 128 120
Baltimore, 
MD 5 0 22 0 16 0 22 0 20
Baltimore, 
MD 10 0 38 0 32 0 27 0 29
Baltimore, 
MD 15 0 46 0 47 0 39 0 36
Baltimore, 
MD 20 0 48 0 59 0 41 0 44
Baltimore, 
MD 25 0 66 0 61 0 61 0 53
Baltimore, 
MD 30 0 75 0 65 0 69 0 65
Baltimore, 
MD 35 1 81 1 77 0 75 1 102
Baltimore, 
MD 40 11 87 7 90 12 94 7 102
Baltimore, 
MD 45 21 96 16 94 19 95 16 110



Baltimore, 
MD 50 31 98 21 95 29 104 29 112
Baltimore, 
MD 55 39 117 28 99 36 115 41 112
Baltimore, 
MD 60 50 125 30 99 41 115 48 128
Baltimore, 
MD 100 56 125 33 119 44 129 57 128
Baton 
Rouge, LA 5 0 16 0 11 0 21     
Baton 
Rouge, LA 10 0 31 0 29 0 31 0 33
Baton 
Rouge, LA 15 0 45 0 51 0 47 0 43
Baton 
Rouge, LA 20 0 62 0 53 0 61 0 58
Baton 
Rouge, LA 25 0 73 0 64 1 88 0 75
Baton 
Rouge, LA 30 6 85 4 83 2 88 1 85
Baton 
Rouge, LA 35 14 92 11 83 12 95 9 92
Baton 
Rouge, LA 40 21 93 23 99 19 105 11 106
Baton 
Rouge, LA 45 36 102 40 109 24 105 12 106
Baton 
Rouge, LA 50 47 106 51 121 26 105 15 106
Baton 
Rouge, LA 55 53 117 62 121 26 105 16 106
Baton 
Rouge, LA 60 53 117 62 121 26 105 16 106
Baton 
Rouge, LA 100 53 117 62 121 26 105 16 106
Biddeford, 
ME 5 0 27 0 30 0 41 0 44
Biddeford, 
ME 10 0 27 0 30 0 41 0 44
Biddeford, 15 0 28 0 33 0 41 0 44



ME 
Biddeford, 
ME 20 0 38 0 44 0 41 0 44
Biddeford, 
ME 25 0 50 0 49 0 49 0 44
Biddeford, 
ME 30 0 60 0 63 0 56 0 58
Biddeford, 
ME 35 0 74 0 71 0 69 0 75
Biddeford, 
ME 40 1 78 1 82 1 85 0 75
Biddeford, 
ME 45 4 89 1 82 2 85 5 89
Biddeford, 
ME 50 6 89 2 82 5 107 10 101
Biddeford, 
ME 55 12 93 3 89 6 107 15 101
Biddeford, 
ME 60 12 93 3 89 7 107 18 109
Biddeford, 
ME 100 16 114 3 89 13 107 21 121
Birmingham
, AL 5 0 29 0 40 0 12 0 31
Birmingham
, AL 10 0 29 0 40 0 29 0 31
Birmingham
, AL 15 0 43 0 40 0 41 0 37
Birmingham
, AL 20 0 59 0 50 0 51 0 49
Birmingham
, AL 25 0 70 0 59 0 65 0 68
Birmingham
, AL 30 0 72 0 69 0 71 0 73
Birmingham
, AL 35 7 89 5 85 6 82 2 85
Birmingham
, AL 40 27 102 18 92 18 104 13 89
Birmingham
, AL 45 33 102 37 99 27 107 20 110



Birmingham
, AL 50 44 107 49 118 27 107 26 110
Birmingham
, AL 55 48 116 52 118 27 107 29 112
Birmingham
, AL 60 49 116 52 118 27 107 29 112
Birmingham
, AL 100 49 116 53 118 27 107 29 112
Boston, MA 5 0 13 0 20 0 32 0 34
Boston, MA 10 0 33 0 34 0 32 0 34
Boston, MA 15 0 42 0 40 0 40 0 40
Boston, MA 20 0 61 0 47 0 47 0 41
Boston, MA 25 1 92 0 55 0 54 0 72
Boston, MA 30 1 92 0 63 0 67 0 72
Boston, MA 35 4 92 0 72 1 77 1 88
Boston, MA 40 8 92 2 84 2 77 4 88
Boston, MA 45 13 94 4 99 6 92 10 88
Boston, MA 50 18 95 5 99 10 95 19 102
Boston, MA 55 20 108 6 99 16 98 25 102
Boston, MA 60 22 108 6 99 20 107 29 107
Boston, MA 100 24 112 6 99 23 117 35 134
Buffalo, NY 5 0 12     0 28 0 10
Buffalo, NY 10 0 31 0 26 0 31 0 20
Buffalo, NY 15 0 33 0 34 0 33 0 34
Buffalo, NY 20 0 42 0 39 0 46 0 38
Buffalo, NY 25 0 48 0 55 0 49 0 55
Buffalo, NY 30 0 58 0 58 0 61 0 59
Buffalo, NY 35 1 84 0 70 0 70 0 66
Buffalo, NY 40 1 84 0 70 0 72 0 74
Buffalo, NY 45 5 85 0 74 0 75 1 80
Buffalo, NY 50 7 85 1 80 2 86 4 90
Buffalo, NY 55 10 105 2 80 7 91 9 95
Buffalo, NY 60 14 105 2 80 10 91 15 108
Buffalo, NY 100 22 105 7 100 24 114 29 113
Cedar 
Rapids, IA 5 0 32 0 25 0 23 0 13



Cedar 
Rapids, IA 10 0 32 0 25 0 23 0 16
Cedar 
Rapids, IA 15 0 42 0 42 0 41 0 25
Cedar 
Rapids, IA 20 0 42 0 42 0 46 0 50
Cedar 
Rapids, IA 25 0 49 0 52 0 51 0 52
Cedar 
Rapids, IA 30 0 57 0 58 0 52 0 60
Cedar 
Rapids, IA 35 0 74 0 66 0 63 0 75
Cedar 
Rapids, IA 40 0 74 0 66 0 63 0 75
Cedar 
Rapids, IA 45 1 76 0 74 0 65 0 75
Cedar 
Rapids, IA 50 1 76 1 77 0 68 0 75
Cedar 
Rapids, IA 55 3 81 2 90 0 71 1 80
Cedar 
Rapids, IA 60 8 90 3 90 2 81 2 80
Cedar 
Rapids, IA 100 8 90 3 90 2 81 2 80
Charlotte, 
NC 5 0   0   0   0 13
Charlotte, 
NC 10 0 14 0 19 0   0 34
Charlotte, 
NC 15 0 39 0 47 0 43 0 35
Charlotte, 
NC 20 0 52 0 53 0 47 0 46
Charlotte, 
NC 25 0 54 0 56 0 57 0 74
Charlotte, 
NC 30 0 68 0 70 0 72 0 74
Charlotte, 
NC 35 1 77 1 79 3 79 1 82
Charlotte, 40 11 94 9 84 8 81 1 82



NC 
Charlotte, 
NC 45 30 97 20 90 23 99 14 95
Charlotte, 
NC 50 40 100 29 101 27 103 25 100
Charlotte, 
NC 55 56 105 37 126 40 106 39 119
Charlotte, 
NC 60 61 115 41 126 41 106 41 119
Charlotte, 
NC 100 63 115 41 126 41 106 50 119
Chicago, IL 5 0 18 0 35 0 22 0 18
Chicago, IL 10 0 33 0 35 0 33 0 34
Chicago, IL 15 0 54 0 50 0 54 0 47
Chicago, IL 20 0 59 0 52 0 61 0 54
Chicago, IL 25 0 68 0 64 0 62 0 75
Chicago, IL 30 2 85 0 72 0 68 0 75
Chicago, IL 35 10 97 5 82 6 90 3 87
Chicago, IL 40 21 107 7 86 16 105 12 90
Chicago, IL 45 27 107 10 101 28 114 24 116
Chicago, IL 50 34 107 10 101 35 114 31 116
Chicago, IL 55 39 107 10 101 37 114 36 127
Chicago, IL 60 41 107 12 101 37 114 38 127
Chicago, IL 100 41 107 12 101 37 114 38 127
Cincinnati, 
OH 5 0 39 0 51 0 12 0 26
Cincinnati, 
OH 10 0 39 0 51 0 27 0 26
Cincinnati, 
OH 15 0 39 0 51 0 46 0 40
Cincinnati, 
OH 20 0 63 0 57 0 51 0 53
Cincinnati, 
OH 25 0 63 0 66 0 60 0 57
Cincinnati, 
OH 30 2 80 0 68 0 74 0 67
Cincinnati, 
OH 35 10 89 1 83 7 87 3 91



Cincinnati, 
OH 40 25 94 8 89 19 89 15 92
Cincinnati, 
OH 45 43 96 13 95 29 105 29 101
Cincinnati, 
OH 50 56 104 16 98 31 105 38 113
Cincinnati, 
OH 55 60 125 18 98 33 105 44 113
Cincinnati, 
OH 60 60 125 20 105 33 105 47 117
Cincinnati, 
OH 100 60 125 20 105 33 105 47 117
Cleveland, 
OH 5 0 42 0 44 0 34 0 34
Cleveland, 
OH 10 0 42 0 44 0 34 0 34
Cleveland, 
OH 15 0 42 0 44 0 34 0 43
Cleveland, 
OH 20 0 64 0 57 0 43 0 47
Cleveland, 
OH 25 0 64 0 57 0 57 0 57
Cleveland, 
OH 30 0 66 0 67 0 66 0 64
Cleveland, 
OH 35 1 107 0 68 0 70 0 70
Cleveland, 
OH 40 4 107 1 78 5 80 1 77
Cleveland, 
OH 45 12 107 3 89 10 96 5 90
Cleveland, 
OH 50 20 107 5 89 16 96 13 94
Cleveland, 
OH 55 32 107 7 89 32 103 19 100
Cleveland, 
OH 60 36 107 7 89 37 103 33 115
Cleveland, 
OH 100 38 118 10 101 39 103 41 122



Colorado 
Springs, CO 5 0 15 0 22 0 13 0 32

Colorado 
Springs, CO 10 0 26 0 37 0 45 0 32

Colorado 
Springs, CO 15 0 41 0 40 0 45 0 41

Colorado 
Springs, CO 20 0 45 0 49 0 49 0 48

Colorado 
Springs, CO 25 0 55 0 58 0 55 0 50

Colorado 
Springs, CO 30 0 60 0 58 0 63 0 60

Colorado 
Springs, CO 35 0 65 0 64 0 63 0 61

Colorado 
Springs, CO 40 0 65 0 74 0 67 0 72

Colorado 
Springs, CO 45 0 70 0 74 0 71 0 72

Colorado 
Springs, CO 50 1 81 0 74 0 71 0 74

Colorado 
Springs, CO 55 1 81 1 81 0 71 0 74

Colorado 
Springs, CO 60 1 81 1 81 0 72 0 74

Colorado 
Springs, CO 100 1 81 1 81 0 72 0 74
Columbus, 
GA 5 0 27 0 28 0 8 0 11
Columbus, 
GA 10 0 27 0 28 0 17 0 18
Columbus, 
GA 15 0 36 0 34 0 34 0 33
Columbus, 
GA 20 0 47 0 53 0 49 0 51
Columbus, 
GA 25 0 70 0 55 0 61 0 51



Columbus, 
GA 30 0 70 0 75 0 73 0 61
Columbus, 
GA 35 0 75 2 77 1 76 0 67
Columbus, 
GA 40 2 88 3 79 6 82 0 70
Columbus, 
GA 45 11 97 5 85 9 82 1 82
Columbus, 
GA 50 19 98 9 85 9 82 3 82
Columbus, 
GA 55 24 98 15 93 9 82 5 98
Columbus, 
GA 60 24 98 22 113 9 82 5 98
Columbus, 
GA 100 26 101 23 113 9 82 5 98
Columbus, 
OH 5 0 42 0 35 0 30 0 33
Columbus, 
OH 10 0 42 0 35 0 30 0 33
Columbus, 
OH 15 0 42 0 41 0 31 0 40
Columbus, 
OH 20 0 57 0 54 0 40 0 47
Columbus, 
OH 25 0 60 0 56 0 58 0 53
Columbus, 
OH 30 0 69 0 66 0 63 0 62
Columbus, 
OH 35 1 80 0 73 0 71 0 73
Columbus, 
OH 40 5 83 1 78 2 80 2 78
Columbus, 
OH 45 17 91 6 83 18 96 11 95
Columbus, 
OH 50 26 101 8 85 25 97 23 99
Columbus, 
OH 55 39 127 12 107 26 97 34 118
Columbus, 60 46 127 12 107 26 97 42 118



OH 
Columbus, 
OH 100 49 130 14 108 27 102 45 118
Corpus 
Christi, TX 5     0 9 0 8 0 13
Corpus 
Christi, TX 10 0 22 0 16 0 26 0 21
Corpus 
Christi, TX 15 0 42 0 34 0 31 0 37
Corpus 
Christi, TX 20 0 44 0 44 0 42 0 42
Corpus 
Christi, TX 25 0 60 0 50 0 47 0 52
Corpus 
Christi, TX 30 0 70 0 64 0 64 0 58
Corpus 
Christi, TX 35 0 70 0 65 0 64 0 63
Corpus 
Christi, TX 40 2 86 0 70 0 73 1 77
Corpus 
Christi, TX 45 2 86 0 75 1 93 2 83
Corpus 
Christi, TX 50 6 86 2 83 3 93 3 83
Corpus 
Christi, TX 55 11 89 5 90 6 93 3 83
Corpus 
Christi, TX 60 15 91 7 90 6 93 7 87
Corpus 
Christi, TX 100 15 91 8 90 6 93 10 100
Dallas/Ft 
Worth, TX 5 0 22 0 20 0 15 0 14
Dallas/Ft 
Worth, TX 10 0 29 0 32 0 34 0 30
Dallas/Ft 
Worth, TX 15 0 39 0 43 0 43 0 44
Dallas/Ft 
Worth, TX 20 0 60 0 49 0 53 0 44
Dallas/Ft 
Worth, TX 25 0 70 0 64 0 60 0 62



Dallas/Ft 
Worth, TX 30 1 82 0 65 0 74 0 62
Dallas/Ft 
Worth, TX 35 3 82 2 82 2 76 2 77
Dallas/Ft 
Worth, TX 40 16 93 9 91 11 85 12 89
Dallas/Ft 
Worth, TX 45 26 93 22 96 23 100 22 94
Dallas/Ft 
Worth, TX 50 36 108 38 108 34 106 43 114
Dallas/Ft 
Worth, TX 55 45 116 52 109 46 112 46 114
Dallas/Ft 
Worth, TX 60 55 116 63 111 51 125 50 114
Dallas/Ft 
Worth, TX 100 64 135 63 111 51 125 54 127
Dayton, OH 5 0 38 0 18 0 34 0 31
Dayton, OH 10 0 38 0 18 0 34 0 31
Dayton, OH 15 0 38 0 36 0 35 0 34
Dayton, OH 20 0 45 0 50 0 45 0 45
Dayton, OH 25 0 55 0 52 0 67 0 58
Dayton, OH 30 0 68 0 66 0 68 0 63
Dayton, OH 35 1 77 0 67 0 75 0 73
Dayton, OH 40 7 86 2 86 5 85 3 81
Dayton, OH 45 14 96 3 86 10 96 17 91
Dayton, OH 50 23 112 3 86 14 96 25 97
Dayton, OH 55 30 112 5 87 15 96 32 97
Dayton, OH 60 33 112 8 96 16 96 38 109
Dayton, OH 100 34 112 9 106 16 96 39 109
Denver, CO 5 0 31 0 21 0 21 0 21
Denver, CO 10 0 36 0 40 0 45 0 36
Denver, CO 15 0 43 0 45 0 45 0 46
Denver, CO 20 0 55 0 51 0 50 0 51
Denver, CO 25 0 55 0 53 0 56 0 53
Denver, CO 30 0 71 0 63 0 72 0 60
Denver, CO 35 0 71 0 67 0 73 0 73
Denver, CO 40 3 81 1 77 1 77 1 78



Denver, CO 45 5 87 10 82 5 83 10 81
Denver, CO 50 11 87 19 89 10 89 21 92
Denver, CO 55 13 87 21 89 12 89 25 94
Denver, CO 60 14 92 22 89 13 90 26 94
Denver, CO 100 14 92 22 89 13 90 26 94
Des 
Moines, IA 5 0 18 0 35 0 9 0 23
Des 
Moines, IA 10 0 18 0 35 0 33 0 23
Des 
Moines, IA 15 0 38 0 50 0 34 0 33
Des 
Moines, IA 20 0 46 0 50 0 42 0 43
Des 
Moines, IA 25 0 60 0 50 0 52 0 48
Des 
Moines, IA 30 0 60 0 55 0 57 0 58
Des 
Moines, IA 35 0 69 0 66 0 58 0 58
Des 
Moines, IA 40 0 69 0 70 0 61 0 64
Des 
Moines, IA 45 0 73 0 71 0 65 0 64
Des 
Moines, IA 50 2 76 0 71 0 65 0 68
Des 
Moines, IA 55 2 76 1 77 0 65 0 68
Des 
Moines, IA 60 2 76 1 77 0 69 0 68
Des 
Moines, IA 100 3 76 2 86 0 69 0 68
Detroit, MI 5 0 32 0 10 0 42 0 30
Detroit, MI 10 0 32 0 25 0 42 0 30
Detroit, MI 15 0 36 0 40 0 42 0 35
Detroit, MI 20 0 54 0 50 0 52 0 46
Detroit, MI 25 0 59 0 61 0 61 0 63
Detroit, MI 30 1 82 0 62 0 63 0 71
Detroit, MI 35 4 82 0 73 2 84 2 78



Detroit, MI 40 9 104 1 86 7 84 5 95
Detroit, MI 45 19 104 2 86 11 94 15 95
Detroit, MI 50 23 104 3 86 18 103 24 114
Detroit, MI 55 29 105 3 86 22 105 26 114
Detroit, MI 60 31 105 4 86 27 105 29 114
Detroit, MI 100 33 106 6 99 27 105 29 114
El Paso, TX 5         0 19     
El Paso, TX 10 0 38 0 33 0 36 0 43
El Paso, TX 15 0 51 0 48 0 46 0 45
El Paso, TX 20 0 63 0 53 0 61 0 63
El Paso, TX 25 0 69 0 70 0 73 0 64
El Paso, TX 30 0 70 0 70 0 75 0 71
El Paso, TX 35 2 77 2 80 3 90 1 82
El Paso, TX 40 3 79 6 81 4 90 3 83
El Paso, TX 45 4 86 15 83 5 90 5 101
El Paso, TX 50 4 86 24 97 11 90 8 101
El Paso, TX 55 4 86 24 97 11 90 12 105
El Paso, TX 60 4 86 24 97 11 90 12 105
El Paso, TX 100 4 86 24 97 11 90 12 105
Evansville, 
IN 5 0 27 0 46 0 6 0 9
Evansville, 
IN 10 0 27 0 46 0 25 0 28
Evansville, 
IN 15 0 32 0 46 0 36 0 28
Evansville, 
IN 20 0 51 0 53 0 40 0 37
Evansville, 
IN 25 0 53 0 60 0 61 0 51
Evansville, 
IN 30 0 58 0 70 0 75 0 59
Evansville, 
IN 35 1 76 0 70 3 78 0 74
Evansville, 
IN 40 6 93 3 81 6 81 2 79
Evansville, 
IN 45 16 98 9 93 8 81 10 90



Evansville, 
IN 50 29 99 16 93 11 91 21 92
Evansville, 
IN 55 33 99 20 93 11 91 35 106
Evansville, 
IN 60 35 104 20 93 13 91 37 113
Evansville, 
IN 100 37 105 20 93 13 91 37 113
Fresno, CA 5     0 18         
Fresno, CA 10 0 26 0 24     0 26
Fresno, CA 15 0 48 0 44 0 44 0 41
Fresno, CA 20 0 54 0 51 0 55 0 51
Fresno, CA 25 0 65 0 67 0 65 0 60
Fresno, CA 30 1 78 1 82 1 79 0 68
Fresno, CA 35 9 92 3 82 2 81 2 78
Fresno, CA 40 19 92 15 87 13 95 11 86
Fresno, CA 45 44 95 31 89 34 101 31 92
Fresno, CA 50 82 104 54 122 72 110 68 98
Fresno, CA 55 100 107 92 122 106 120 102 109
Fresno, CA 60 114 123 108 131 129 120 129 113
Fresno, CA 100 121 123 118 131 145 120 146 132
Ft. Wayne, 
IN 5 0 31 0 8 0 30 0 26
Ft. Wayne, 
IN 10 0 31 0 8 0 30 0 26
Ft. Wayne, 
IN 15 0 31 0 30 0 39 0 26
Ft. Wayne, 
IN 20 0 49 0 41 0 46 0 38
Ft. Wayne, 
IN 25 0 53 0 49 0 57 0 48
Ft. Wayne, 
IN 30 0 60 0 60 0 57 0 60
Ft. Wayne, 
IN 35 1 78 0 68 0 70 1 82
Ft. Wayne, 
IN 40 1 78 0 72 0 74 1 82
Ft. Wayne, 45 4 88 1 80 3 93 3 84



IN 
Ft. Wayne, 
IN 50 6 88 3 91 4 93 11 98
Ft. Wayne, 
IN 55 15 94 4 96 6 93 14 100
Ft. Wayne, 
IN 60 18 94 4 96 7 93 17 100
Ft. Wayne, 
IN 100 23 94 6 98 7 93 21 100
Grand 
Rapids, MI 5 0 44 0 29 0 30 0 31
Grand 
Rapids, MI 10 0 44 0 29 0 30 0 31
Grand 
Rapids, MI 15 0 44 0 34 0 38 0 34
Grand 
Rapids, MI 20 0 44 0 41 0 42 0 46
Grand 
Rapids, MI 25 0 54 0 54 0 50 0 55
Grand 
Rapids, MI 30 0 57 0 55 0 55 0 61
Grand 
Rapids, MI 35 0 65 0 63 0 61 0 70
Grand 
Rapids, MI 40 2 86 0 72 0 68 0 70
Grand 
Rapids, MI 45 7 104 0 73 2 80 6 95
Grand 
Rapids, MI 50 11 104 1 92 4 85 12 95
Grand 
Rapids, MI 55 16 104 1 92 10 93 16 95
Grand 
Rapids, MI 60 21 104 1 92 14 93 20 95
Grand 
Rapids, MI 100 26 104 3 102 15 93 23 99
Greensboro
, NC 5 0 44 0 11 0 20 0 26
Greensboro
, NC 10 0 44 0 14 0 20 0 26



Greensboro
, NC 15 0 44 0 25 0 29 0 33
Greensboro
, NC 20 0 49 0 44 0 42 0 43
Greensboro
, NC 25 0 56 0 49 0 49 0 56
Greensboro
, NC 30 0 64 0 65 0 64 0 64
Greensboro
, NC 35 1 79 0 69 0 75 0 68
Greensboro
, NC 40 4 79 0 74 4 80 0 73
Greensboro
, NC 45 14 88 4 82 12 97 4 86
Greensboro
, NC 50 23 91 10 93 20 97 15 92
Greensboro
, NC 55 30 97 16 99 24 98 24 92
Greensboro
, NC 60 35 97 19 99 29 99 34 104
Greensboro
, NC 100 36 100 20 99 29 99 44 115
Honolulu, HI 5 0 16 0 11 0 10 0 9
Honolulu, HI 10 0 23 0 22 0 25 0 26
Honolulu, HI 15 0 29 0 30 0 34 0 32
Honolulu, HI 20 0 38 0 37 0 40 0 40
Honolulu, HI 25 0 49 0 41 0 40 0 40
Honolulu, HI 30 0 49 0 44 0 40 0 45
Honolulu, HI 35 0 49 0 44 0 46 0 45
Honolulu, HI 40 0 50 0 44 0 46 0 45
Honolulu, HI 45 0 50 0 48 0 46 0 45
Honolulu, HI 50 0 50 0 48 0 46 0 45
Honolulu, HI 55 0 50 0 48 0 46 0 45
Honolulu, HI 60 0 50 0 48 0 46 0 45
Honolulu, HI 100 0 50 0 48 0 46 0 45
Houston, 
TX 5     0 15 0 18 0 22
Houston, 10 0 59 0 36 0 42 0 45



TX 
Houston, 
TX 15 0 59 0 66 0 54 0 65
Houston, 
TX 20 0 69 1 77 2 79 1 78
Houston, 
TX 25 1 91 12 98 8 116 3 99
Houston, 
TX 30 8 110 18 98 18 116 13 108
Houston, 
TX 35 31 120 31 121 35 116 27 108
Houston, 
TX 40 46 126 47 121 46 138 39 121
Houston, 
TX 45 64 135 60 130 58 138 46 123
Houston, 
TX 50 75 172 63 130 63 138 51 144
Houston, 
TX 55 80 172 70 130 64 138 53 144
Houston, 
TX 60 81 172 72 144 65 138 55 144
Houston, 
TX 100 84 172 72 144 65 138 55 144
Huntsville, 
AL 5 0 8 0 21 0 9 0 16
Huntsville, 
AL 10 0 30 0 26 0 28 0 28
Huntsville, 
AL 15 0 39 0 40 0 39 0 38
Huntsville, 
AL 20 0 52 0 57 0 59 0 44
Huntsville, 
AL 25 0 61 0 63 0 65 0 53
Huntsville, 
AL 30 0 72 0 74 0 67 0 61
Huntsville, 
AL 35 0 74 0 74 1 80 0 73
Huntsville, 
AL 40 5 88 1 76 2 80 2 87



Huntsville, 
AL 45 13 91 7 88 5 80 3 87
Huntsville, 
AL 50 25 93 10 88 7 80 3 87
Huntsville, 
AL 55 29 98 15 100 8 80 4 87
Huntsville, 
AL 60 31 98 17 100 8 80 6 87
Huntsville, 
AL 100 31 98 18 100 9 81 8 92
Indianapolis
, IN 5 0 38 0 24 0 38 0 27
Indianapolis
, IN 10 0 38 0 24 0 38 0 27
Indianapolis
, IN 15 0 38 0 36 0 38 0 27
Indianapolis
, IN 20 0 40 0 44 0 49 0 46
Indianapolis
, IN 25 0 52 0 53 0 56 0 56
Indianapolis
, IN 30 0 62 0 65 0 74 0 74
Indianapolis
, IN 35 0 73 0 73 0 75 0 74
Indianapolis
, IN 40 5 85 2 80 10 98 4 83
Indianapolis
, IN 45 16 90 5 81 21 102 16 98
Indianapolis
, IN 50 30 101 8 90 26 102 27 100
Indianapolis
, IN 55 40 101 11 90 34 102 36 107
Indianapolis
, IN 60 44 103 11 90 37 103 41 131
Indianapolis
, IN 100 46 103 14 100 37 103 43 131
Jackson, 
MS 5 0 2 0 33 0 12 0 32
Jackson, 10 0 12 0 33 0 27 0 32



MS 
Jackson, 
MS 15 0 32 0 33 0 33 0 32
Jackson, 
MS 20 0 49 0 46 0 46 0 47
Jackson, 
MS 25 0 61 0 48 0 58 0 57
Jackson, 
MS 30 0 69 0 70 0 65 0 63
Jackson, 
MS 35 0 70 0 71 0 70 0 68
Jackson, 
MS 40 4 82 1 78 0 75 0 75
Jackson, 
MS 45 10 93 6 83 4 79 0 75
Jackson, 
MS 50 15 93 10 83 6 81 2 88
Jackson, 
MS 55 18 96 14 95 6 81 2 88
Jackson, 
MS 60 20 96 16 95 6 81 3 90
Jackson, 
MS 100 20 96 17 95 6 81 3 90
Jacksonville
, FL 5     0 17         
Jacksonville
, FL 10 0 26 0 29 0 23 0 29
Jacksonville
, FL 15 0 38 0 41 0 42 0 40
Jacksonville
, FL 20 0 52 0 50 0 49 0 51
Jacksonville
, FL 25 0 57 0 60 0 59 0 55
Jacksonville
, FL 30 0 61 0 75 0 75 0 72
Jacksonville
, FL 35 0 69 2 79 1 77 0 72
Jacksonville
, FL 40 3 78 6 85 1 77 0 73



Jacksonville
, FL 45 9 86 9 85 2 78 1 76
Jacksonville
, FL 50 12 87 11 94 4 80 1 76
Jacksonville
, FL 55 12 87 11 94 5 80 1 76
Jacksonville
, FL 60 12 87 11 94 5 80 1 76
Jacksonville
, FL 100 12 87 11 94 6 83 1 76
Johnstown, 
PA 5 0 9 0 10 0 4 0 29
Johnstown, 
PA 10 0 26 0 24 0 26 0 29
Johnstown, 
PA 15 0 41 0 40 0 41 0 33
Johnstown, 
PA 20 0 53 0 46 0 49 0 46
Johnstown, 
PA 25 0 53 0 61 0 59 0 54
Johnstown, 
PA 30 0 64 0 64 0 66 0 59
Johnstown, 
PA 35 1 76 0 68 0 73 0 71
Johnstown, 
PA 40 3 76 1 76 2 77 2 77
Johnstown, 
PA 45 5 87 3 80 7 90 9 82
Johnstown, 
PA 50 14 94 6 86 12 90 18 88
Johnstown, 
PA 55 19 94 8 89 17 96 20 90
Johnstown, 
PA 60 19 94 10 98 18 96 21 97
Johnstown, 
PA 100 21 108 10 98 18 96 21 97
Kansas 
City, MO 5 0 11 0 10 0 11 0 13
Kansas 10 0 34 0 27 0 20 0 22



City, MO 
Kansas 
City, MO 15 0 36 0 36 0 39 0 40
Kansas 
City, MO 20 0 49 0 48 0 55 0 45
Kansas 
City, MO 25 0 54 0 57 0 63 0 48
Kansas 
City, MO 30 0 67 0 74 0 65 0 64
Kansas 
City, MO 35 1 78 0 75 0 68 0 75
Kansas 
City, MO 40 5 105 1 80 3 78 3 83
Kansas 
City, MO 45 11 105 9 99 10 92 6 83
Kansas 
City, MO 50 16 105 17 99 16 92 16 89
Kansas 
City, MO 55 18 105 24 99 19 92 28 102
Kansas 
City, MO 60 21 105 29 103 19 92 31 102
Kansas 
City, MO 100 21 105 33 103 20 92 33 102
Kingston, 
NY 5 0 16 0           
Kingston, 
NY 10 0 16 0 18 0 22     
Kingston, 
NY 15 0 32 0 28 0 27 0 24
Kingston, 
NY 20 0 36 0 38 0 32 0 38
Kingston, 
NY 25 0 40 0 40 0 39 0 47
Kingston, 
NY 30 0 44 0 48 0 51 0 51
Kingston, 
NY 35 0 68 0 55 0 54 0 56
Kingston, 
NY 40 0 68 0 57 0 61 0 58



Kingston, 
NY 45 0 68 0 74 0 74 0 70
Kingston, 
NY 50 0 72 0 74 0 74 0 70
Kingston, 
NY 55 2 80 2 82 1 81 3 79
Kingston, 
NY 60 6 82 2 82 4 91 6 81
Kingston, 
NY 100 10 96 5 91 11 91 16 89
Knoxville, 
TN 5     0 15         
Knoxville, 
TN 10 0 15 0 20 0 23 0 35
Knoxville, 
TN 15 0 27 0 32 0 41 0 45
Knoxville, 
TN 20 0 44 0 49 0 41 0 51
Knoxville, 
TN 25 0 52 0 63 0 56 0 57
Knoxville, 
TN 30 0 64 0 71 0 72 0 70
Knoxville, 
TN 35 0 72 3 82 0 73 2 83
Knoxville, 
TN 40 2 91 13 88 4 84 5 91
Knoxville, 
TN 45 12 101 28 99 12 92 14 93
Knoxville, 
TN 50 34 121 41 99 24 92 33 105
Knoxville, 
TN 55 67 121 48 122 30 96 47 105
Knoxville, 
TN 60 88 121 51 122 32 100 56 105
Knoxville, 
TN 100 96 121 51 122 33 100 63 107
Lafayette, 
LA 5     0 16 0 15 0   
Lafayette, 10 0 23 0 20 0 26 0 22



LA 
Lafayette, 
LA 15 0 33 0 39 0 39 0 32
Lafayette, 
LA 20 0 49 0 43 0 53 0 43
Lafayette, 
LA 25 0 61 0 57 0 60 0 53
Lafayette, 
LA 30 0 66 0 71 0 68 0 59
Lafayette, 
LA 35 2 79 0 75 0 68 0 67
Lafayette, 
LA 40 3 80 1 80 0 69 1 81
Lafayette, 
LA 45 7 80 1 80 1 77 1 81
Lafayette, 
LA 50 10 90 3 80 2 78 1 81
Lafayette, 
LA 55 14 90 9 89 2 78 2 81
Lafayette, 
LA 60 16 90 15 95 5 85 2 81
Lafayette, 
LA 100 16 90 19 113 5 85 3 83
Lake 
Charles, LA 5 0 14     0 14     
Lake 
Charles, LA 10 0 38 0 20 0 18 0 22
Lake 
Charles, LA 15 0 51 0 37 0 35 0 38
Lake 
Charles, LA 20 0 54 0 51 0 49 0 53
Lake 
Charles, LA 25 0 73 0 60 0 61 0 60
Lake 
Charles, LA 30 1 79 0 67 0 73 0 73
Lake 
Charles, LA 35 4 88 4 87 0 73 0 73
Lake 
Charles, LA 40 7 88 7 87 2 78 1 76



Lake 
Charles, LA 45 13 93 15 95 4 78 2 81
Lake 
Charles, LA 50 16 95 19 95 7 93 3 81
Lake 
Charles, LA 55 16 95 23 95 9 93 4 81
Lake 
Charles, LA 60 16 95 23 95 9 93 4 81
Lake 
Charles, LA 100 16 95 23 95 9 93 4 81
Las Vegas, 
NV 5                 
Las Vegas, 
NV 10 0 39 0 42 0 37 0 33
Las Vegas, 
NV 15 0 51 0 43 0 45 0 47
Las Vegas, 
NV 20 0 54 0 51 0 55 0 54
Las Vegas, 
NV 25 0 57 0 59 0 59 0 58
Las Vegas, 
NV 30 0 71 0 62 0 59 0 63
Las Vegas, 
NV 35 1 81 0 67 0 73 0 71
Las Vegas, 
NV 40 3 81 2 79 0 75 2 82
Las Vegas, 
NV 45 7 81 6 79 10 82 9 86
Las Vegas, 
NV 50 14 89 18 86 21 90 19 87
Las Vegas, 
NV 55 24 92 24 86 27 94 27 92
Las Vegas, 
NV 60 26 92 28 86 27 94 32 93
Las Vegas, 
NV 100 32 92 28 86 28 94 33 93
Lexington, 
KY 5 0 35 0 40 0 8 0 19
Lexington, 10 0 35 0 40 0 25 0 33



KY 
Lexington, 
KY 15 0 35 0 42 0 41 0 33
Lexington, 
KY 20 0 43 0 46 0 49 0 44
Lexington, 
KY 25 0 46 0 60 0 62 0 49
Lexington, 
KY 30 0 62 0 62 0 62 0 61
Lexington, 
KY 35 0 74 0 69 1 78 0 73
Lexington, 
KY 40 3 86 0 74 1 78 2 77
Lexington, 
KY 45 8 86 2 78 5 91 4 93
Lexington, 
KY 50 22 87 3 78 6 91 11 93
Lexington, 
KY 55 30 91 4 78 6 91 15 93
Lexington, 
KY 60 35 91 5 90 7 91 16 93
Lexington, 
KY 100 40 101 5 90 7 91 16 93
Lincoln, NE 5 0 15 0 22 0 26 0 27
Lincoln, NE 10 0 15 0 22 0 26 0 27
Lincoln, NE 15 0 29 0 27 0 29 0 27
Lincoln, NE 20 0 38 0 41 0 35 0 34
Lincoln, NE 25 0 51 0 48 0 44 0 52
Lincoln, NE 30 0 52 0 49 0 49 0 52
Lincoln, NE 35 0 52 0 52 0 50 0 54
Lincoln, NE 40 0 52 0 59 0 51 0 56
Lincoln, NE 45 0 61 0 59 0 51 0 59
Lincoln, NE 50 0 61 0 59 0 58 0 59
Lincoln, NE 55 0 61 0 59 0 61 0 59
Lincoln, NE 60 0 61 0 59 0 61 0 59
Lincoln, NE 100 0 61 0 59 0 61 0 59
Little Rock, 
AR 5 0 25 0 26 0 14 0 9



Little Rock, 
AR 10 0 26 0 32 0 24 0 23
Little Rock, 
AR 15 0 33 0 45 0 30 0 34
Little Rock, 
AR 20 0 39 0 45 0 42 0 40
Little Rock, 
AR 25 0 56 0 58 0 63 0 53
Little Rock, 
AR 30 0 68 0 58 0 63 0 63
Little Rock, 
AR 35 0 68 0 64 0 66 0 72
Little Rock, 
AR 40 0 74 0 70 0 72 0 72
Little Rock, 
AR 45 1 76 1 76 1 78 5 82
Little Rock, 
AR 50 5 91 7 86 8 86 11 90
Little Rock, 
AR 55 13 98 19 92 15 88 16 90
Little Rock, 
AR 60 14 98 28 105 17 88 18 91
Little Rock, 
AR 100 15 98 29 105 17 88 20 91
Los 
Angeles, 
CA 5 0 18 0 27 0 35     
Los 
Angeles, 
CA 10 0 45 0 51 0 48 0 46
Los 
Angeles, 
CA 15 0 66 0 56 0 58 0 52
Los 
Angeles, 
CA 20 0 66 1 86 0 71 1 84
Los 
Angeles, 
CA 25 3 84 7 96 6 106 2 89



Los 
Angeles, 
CA 30 13 90 28 117 35 128 29 144
Los 
Angeles, 
CA 35 27 98 62 117 60 128 60 144
Los 
Angeles, 
CA 40 40 103 75 117 76 128 86 144
Los 
Angeles, 
CA 45 43 108 79 117 80 128 98 144
Los 
Angeles, 
CA 50 43 108 81 121 82 134 103 144
Los 
Angeles, 
CA 55 43 108 82 146 82 134 103 144
Los 
Angeles, 
CA 60 43 108 82 146 82 134 103 144
Los 
Angeles, 
CA 100 43 108 82 146 82 134 103 144
Louisville, 
KY 5 0 41 0 46 0 24 0 21
Louisville, 
KY 10 0 41 0 46 0 27 0 30
Louisville, 
KY 15 0 41 0 46 0 42 0 41
Louisville, 
KY 20 0 55 0 59 0 55 0 55
Louisville, 
KY 25 0 73 0 63 0 59 0 61
Louisville, 
KY 30 0 73 0 70 2 81 0 70
Louisville, 
KY 35 13 85 3 92 8 100 3 82
Louisville, 
KY 40 30 96 8 92 22 100 20 101



Louisville, 
KY 45 57 107 20 92 27 100 32 104
Louisville, 
KY 50 70 107 24 102 28 100 46 112
Louisville, 
KY 55 75 109 26 102 31 100 47 112
Louisville, 
KY 60 76 109 26 102 31 100 47 112
Louisville, 
KY 100 77 109 26 102 31 100 47 112
Madison, 
WI 5 0 33 0 23 0 34 0 32
Madison, 
WI 10 0 33 0 23 0 34 0 32
Madison, 
WI 15 0 33 0 32 0 34 0 32
Madison, 
WI 20 0 34 0 36 0 37 0 40
Madison, 
WI 25 0 54 0 49 0 44 0 47
Madison, 
WI 30 0 54 0 52 0 53 0 54
Madison, 
WI 35 0 65 0 59 0 58 0 62
Madison, 
WI 40 0 66 0 64 0 64 0 71
Madison, 
WI 45 0 70 0 72 0 67 1 77
Madison, 
WI 50 2 83 0 72 0 69 2 80
Madison, 
WI 55 3 83 0 72 0 75 3 80
Madison, 
WI 60 7 86 2 77 1 78 6 84
Madison, 
WI 100 12 95 3 86 5 91 9 87
Memphis, 
TN 5 0 21 0 16 0 10 0 29
Memphis, 10 0 29 0 28 0 26 0 29



TN 
Memphis, 
TN 15 0 38 0 35 0 37 0 34
Memphis, 
TN 20 0 50 0 48 0 49 0 50
Memphis, 
TN 25 0 51 0 60 0 56 0 56
Memphis, 
TN 30 1 89 0 64 0 62 0 73
Memphis, 
TN 35 1 89 3 83 1 79 1 78
Memphis, 
TN 40 9 96 4 83 3 79 5 93
Memphis, 
TN 45 20 106 17 98 15 98 14 106
Memphis, 
TN 50 35 106 35 98 28 114 20 106
Memphis, 
TN 55 43 108 45 98 30 114 26 107
Memphis, 
TN 60 53 110 49 106 31 114 33 107
Memphis, 
TN 100 56 110 50 106 31 114 33 107
Miami, FL 10 0 25     0 28 0 30
Miami, FL 15 0 50 0 41 0 42 0 43
Miami, FL 20 0 61 0 69 0 52 0 49
Miami, FL 25 0 61 0 69 0 57 0 57
Miami, FL 30 0 68 1 78 0 67 0 64
Miami, FL 35 1 77 2 78 0 73 0 69
Miami, FL 40 2 82 2 78 1 78 0 73
Miami, FL 45 5 94 5 81 3 79 1 90
Miami, FL 50 7 94 7 81 4 85 1 90
Miami, FL 55 8 96 7 81 4 85 1 90
Miami, FL 60 10 96 9 86 5 98 1 90
Miami, FL 100 10 96 9 86 5 98 1 90
Milwaukee, 
WI 5 0 48 0 29 0 46 0 27
Milwaukee, 10 0 48 0 29 0 46 0 30



WI 
Milwaukee, 
WI 15 0 48 0 30 0 46 0 37
Milwaukee, 
WI 20 0 48 0 46 0 46 0 46
Milwaukee, 
WI 25 0 54 0 59 0 51 0 55
Milwaukee, 
WI 30 0 62 0 59 0 60 0 64
Milwaukee, 
WI 35 1 81 0 64 0 67 0 71
Milwaukee, 
WI 40 2 81 0 75 0 73 2 77
Milwaukee, 
WI 45 7 87 2 80 2 105 4 81
Milwaukee, 
WI 50 11 102 3 83 5 105 11 89
Milwaukee, 
WI 55 15 102 5 88 7 105 17 90
Milwaukee, 
WI 60 23 102 6 88 14 118 20 106
Milwaukee, 
WI 100 28 104 8 91 18 118 24 106
Mobile, AL 5 0 20 0 3 0 10 0 22
Mobile, AL 10 0 20 0 31 0 21 0 22
Mobile, AL 15 0 39 0 36 0 34 0 36
Mobile, AL 20 0 51 0 57 0 48 0 49
Mobile, AL 25 0 65 0 65 0 58 0 56
Mobile, AL 30 0 66 0 72 0 71 0 66
Mobile, AL 35 4 79 2 84 1 76 0 74
Mobile, AL 40 19 88 9 95 2 77 1 79
Mobile, AL 45 23 91 18 95 2 77 3 85
Mobile, AL 50 28 97 22 95 2 77 5 85
Mobile, AL 55 29 97 26 95 2 77 6 85
Mobile, AL 60 31 97 29 98 5 89 6 85
Mobile, AL 100 32 97 32 100 5 89 6 85
Modesto, 
CA 5 0 11 0 18     0 9



Modesto, 
CA 10 0 30 0 26 0 33 0 27
Modesto, 
CA 15 0 44 0 35 0 42 0 42
Modesto, 
CA 20 0 54 0 44 0 49 0 53
Modesto, 
CA 25 0 68 0 47 0 65 0 70
Modesto, 
CA 30 0 72 0 61 0 70 0 75
Modesto, 
CA 35 1 81 0 72 0 74 2 78
Modesto, 
CA 40 4 85 4 91 3 78 6 83
Modesto, 
CA 45 8 85 17 92 9 89 15 93
Modesto, 
CA 50 19 90 24 92 16 95 27 102
Modesto, 
CA 55 22 95 28 93 22 97 36 104
Modesto, 
CA 60 23 95 28 93 22 97 39 104
Modesto, 
CA 100 24 104 29 107 23 100 40 113
Muskegon, 
MI 5 0 40 0 17 0 35 0 34
Muskegon, 
MI 10 0 40 0 17 0 35 0 34
Muskegon, 
MI 15 0 40 0 29 0 35 0 37
Muskegon, 
MI 20 0 43 0 44 0 44 0 42
Muskegon, 
MI 25 0 50 0 54 0 48 0 58
Muskegon, 
MI 30 0 65 0 58 0 55 0 68
Muskegon, 
MI 35 0 70 0 61 0 57 1 82
Muskegon, 40 3 92 0 70 0 72 2 82



MI 
Muskegon, 
MI 45 7 92 2 78 5 83 3 82
Muskegon, 
MI 50 11 95 4 78 8 92 5 88
Muskegon, 
MI 55 14 95 5 78 9 99 7 88
Muskegon, 
MI 60 20 97 7 80 13 99 15 96
Muskegon, 
MI 100 32 125 9 111 17 101 21 110
Nashville, 
TN 5 0 27 0 23 0 22 0 16
Nashville, 
TN 10 0 33 0 24 0 31 0 32
Nashville, 
TN 15 0 40 0 37 0 43 0 38
Nashville, 
TN 20 0 47 0 55 0 47 0 42
Nashville, 
TN 25 0 71 0 59 0 72 0 55
Nashville, 
TN 30 1 77 1 77 0 72 0 71
Nashville, 
TN 35 2 82 4 89 1 76 2 85
Nashville, 
TN 40 17 95 13 89 11 86 9 92
Nashville, 
TN 45 45 107 25 92 22 97 18 96
Nashville, 
TN 50 66 107 41 103 25 97 28 104
Nashville, 
TN 55 82 107 48 108 26 103 36 104
Nashville, 
TN 60 86 119 49 108 26 103 37 108
Nashville, 
TN 100 88 119 49 108 26 103 37 108
New 
Orleans, LA 5     0 9 0 15     



New 
Orleans, LA 10 0 27 0 23 0 30 0 26
New 
Orleans, LA 15 0 48 0 44 0 44 0 43
New 
Orleans, LA 20 0 57 0 54 0 58 0 57
New 
Orleans, LA 25 0 65 0 63 0 65 0 61
New 
Orleans, LA 30 1 80 0 75 0 72 0 64
New 
Orleans, LA 35 1 80 2 84 1 78 0 75
New 
Orleans, LA 40 9 97 8 89 2 78 3 77
New 
Orleans, LA 45 17 97 13 90 11 93 3 77
New 
Orleans, LA 50 29 97 23 95 16 93 5 84
New 
Orleans, LA 55 35 97 27 107 19 94 6 94
New 
Orleans, LA 60 36 97 30 107 19 94 6 94
New 
Orleans, LA 100 36 97 30 107 19 94 6 94
New York 
City, NY 5 0 34 0 37 0 30 0 34
New York 
City, NY 10 0 50 0 61 0 45 0 41
New York 
City, NY 15 0 61 0 68 0 54 0 45
New York 
City, NY 20 1 83 0 68 0 61 0 56
New York 
City, NY 25 3 87 0 68 0 66 1 107
New York 
City, NY 30 4 87 0 70 1 78 4 107
New York 
City, NY 35 13 94 4 86 7 94 13 107
New York 40 20 115 9 91 17 103 20 107



City, NY 
New York 
City, NY 45 30 115 20 102 28 103 38 116
New York 
City, NY 50 42 122 25 114 40 107 48 116
New York 
City, NY 55 48 122 26 114 43 110 56 129
New York 
City, NY 60 51 122 26 114 47 120 60 129
New York 
City, NY 100 55 135 29 131 49 122 63 139
Oakland, 
CA 5 0 26 0 26 0 30 0 28
Oakland, 
CA 10 0 38 0 37 0 40 0 42
Oakland, 
CA 15 0 61 0 68 0 59 0 48
Oakland, 
CA 20 1 77 0 71 0 70 0 66
Oakland, 
CA 25 6 99 4 94 1 79 0 70
Oakland, 
CA 30 8 99 6 114 5 87 6 95
Oakland, 
CA 35 10 99 7 114 10 102 12 106
Oakland, 
CA 40 14 122 7 114 10 102 12 106
Oakland, 
CA 45 15 122 7 114 10 102 12 106
Oakland, 
CA 50 15 122 7 114 10 102 12 106
Oakland, 
CA 55 15 122 7 114 10 102 12 106
Oakland, 
CA 60 15 122 7 114 10 102 12 106
Oakland, 
CA 100 15 122 7 114 10 102 12 106
Oklahoma 
City, OK 5     0 9 0 10 0 9



Oklahoma 
City, OK 10 0 29 0 20 0 26 0 23
Oklahoma 
City, OK 15 0 37 0 34 0 36 0 33
Oklahoma 
City, OK 20 0 46 0 42 0 45 0 45
Oklahoma 
City, OK 25 0 57 0 58 0 54 0 52
Oklahoma 
City, OK 30 0 65 0 69 0 56 0 60
Oklahoma 
City, OK 35 0 66 0 69 0 69 0 67
Oklahoma 
City, OK 40 1 77 0 72 3 79 1 86
Oklahoma 
City, OK 45 1 77 1 86 4 79 3 86
Oklahoma 
City, OK 50 4 88 3 86 9 84 5 86
Oklahoma 
City, OK 55 10 98 10 87 17 86 12 91
Oklahoma 
City, OK 60 17 98 17 87 19 86 15 91
Oklahoma 
City, OK 100 22 98 22 90 24 91 16 91
Omaha, NE 5 0 31 0 30 0   0 32
Omaha, NE 10 0 31 0 30 0 27 0 32
Omaha, NE 15 0 40 0 34 0 36 0 32
Omaha, NE 20 0 52 0 46 0 45 0 47
Omaha, NE 25 0 52 0 53 0 53 0 52
Omaha, NE 30 0 63 0 56 0 60 0 63
Omaha, NE 35 0 70 0 70 0 69 0 65
Omaha, NE 40 0 75 0 75 0 70 0 68
Omaha, NE 45 0 75 1 77 2 84 1 77
Omaha, NE 50 1 77 3 77 3 84 3 83
Omaha, NE 55 2 80 3 77 3 84 5 83
Omaha, NE 60 4 86 4 78 4 84 7 86
Omaha, NE 100 5 91 4 78 4 84 7 86
Orlando, FL 5                 



Orlando, FL 10 0 23 0 22 0 30 0 26
Orlando, FL 15 0 37 0 37 0 41 0 44
Orlando, FL 20 0 49 0 65 0 49 0 58
Orlando, FL 25 0 64 0 72 0 65 0 60
Orlando, FL 30 0 65 0 75 0 65 0 66
Orlando, FL 35 0 72 2 80 1 78 2 81
Orlando, FL 40 5 89 8 87 4 86 4 84
Orlando, FL 45 12 91 10 95 6 86 7 89
Orlando, FL 50 14 96 12 95 8 87 7 89
Orlando, FL 55 15 96 14 95 9 87 7 89
Orlando, FL 60 15 96 15 95 11 87 7 89
Orlando, FL 100 15 96 15 95 11 87 7 89
Philadelphia
, PA 5 0 32 0 26 0 28 0 31
Philadelphia
, PA 10 0 38 0 44 0 36 0 40
Philadelphia
, PA 15 0 51 0 48 0 56 0 43
Philadelphia
, PA 20 0 57 0 61 0 56 0 55
Philadelphia
, PA 25 0 58 0 68 0 68 0 60
Philadelphia
, PA 30 0 65 0 70 1 77 1 86
Philadelphia
, PA 35 1 78 3 77 4 77 3 90
Philadelphia
, PA 40 10 81 12 110 14 89 12 102
Philadelphia
, PA 45 23 107 19 110 26 91 26 102
Philadelphia
, PA 50 30 115 24 110 34 103 38 117
Philadelphia
, PA 55 40 126 30 110 41 106 48 117
Philadelphia
, PA 60 51 126 31 110 45 111 53 131
Philadelphia
, PA 100 53 126 34 133 50 119 60 131



Phoenix, AZ 5                 
Phoenix, AZ 10     0 34 0 38 0 39
Phoenix, AZ 15 0 47 0 53 0 47 0 48
Phoenix, AZ 20 0 65 0 61 0 52 0 53
Phoenix, AZ 25 0 65 0 75 0 58 0 58
Phoenix, AZ 30 0 71 2 78 0 70 0 68
Phoenix, AZ 35 2 84 3 78 1 76 0 75
Phoenix, AZ 40 15 92 14 83 5 80 6 83
Phoenix, AZ 45 35 92 30 86 19 87 19 86
Phoenix, AZ 50 60 99 51 90 33 89 31 92
Phoenix, AZ 55 82 99 67 95 40 93 40 103
Phoenix, AZ 60 85 99 71 95 42 99 43 107
Phoenix, AZ 100 85 99 72 95 42 99 43 107
Pittsburgh, 
PA 5 0 15 0 23 0 16 0 11
Pittsburgh, 
PA 10 0 34 0 33 0 28 0 25
Pittsburgh, 
PA 15 0 43 0 48 0 39 0 38
Pittsburgh, 
PA 20 0 55 0 55 0 55 0 50
Pittsburgh, 
PA 25 0 75 0 66 0 63 0 70
Pittsburgh, 
PA 30 2 78 0 72 0 74 0 70
Pittsburgh, 
PA 35 6 79 1 78 3 85 1 77
Pittsburgh, 
PA 40 12 92 2 78 14 95 12 93
Pittsburgh, 
PA 45 21 92 12 90 28 99 21 98
Pittsburgh, 
PA 50 33 101 13 90 39 101 36 104
Pittsburgh, 
PA 55 43 112 16 97 41 117 43 108
Pittsburgh, 
PA 60 44 120 16 97 41 117 44 108
Pittsburgh, 100 47 134 18 105 41 117 45 115



PA 
Portland, 
OR 5 0 34 0 22 0 32 0 34
Portland, 
OR 10 0 34 0 27 0 32 0 34
Portland, 
OR 15 0 37 0 41 0 34 0 34
Portland, 
OR 20 0 61 0 44 0 55 0 45
Portland, 
OR 25 0 72 0 54 0 55 0 50
Portland, 
OR 30 0 73 0 67 0 69 0 62
Portland, 
OR 35 1 80 0 67 0 74 0 64
Portland, 
OR 40 2 80 0 71 2 80 1 85
Portland, 
OR 45 2 80 0 71 2 80 2 85
Portland, 
OR 50 2 80 0 72 2 80 2 85
Portland, 
OR 55 2 80 0 72 2 80 2 85
Portland, 
OR 60 2 80 0 72 2 80 2 85
Portland, 
OR 100 2 80 0 72 2 80 2 85
Providence, 
RI 5 0 7 0 14 0 46 0 50
Providence, 
RI 10 0 17 0 20 0 46 0 50
Providence, 
RI 15 0 42 0 33 0 46 0 50
Providence, 
RI 20 0 74 0 41 0 46 0 50
Providence, 
RI 25 0 74 0 56 0 52 0 50
Providence, 
RI 30 0 74 0 65 0 59 0 55



Providence, 
RI 35 0 74 0 70 0 69 0 70
Providence, 
RI 40 0 74 2 87 0 69 0 71
Providence, 
RI 45 1 82 4 87 6 87 1 81
Providence, 
RI 50 7 106 7 87 12 95 8 89
Providence, 
RI 55 10 106 11 90 16 95 18 100
Providence, 
RI 60 13 106 12 90 23 112 27 120
Providence, 
RI 100 18 118 17 126 31 123 33 120
Raleigh, NC 5 0 41 0 21 0 18 0 12
Raleigh, NC 10 0 41 0 28 0 26 0 30
Raleigh, NC 15 0 41 0 35 0 37 0 36
Raleigh, NC 20 0 52 0 49 0 55 0 40
Raleigh, NC 25 0 57 0 58 0 55 0 59
Raleigh, NC 30 0 61 0 71 0 68 0 70
Raleigh, NC 35 0 72 0 72 1 76 1 77
Raleigh, NC 40 1 76 1 87 3 84 1 77
Raleigh, NC 45 5 79 3 87 11 84 3 81
Raleigh, NC 50 12 103 13 95 23 90 10 88
Raleigh, NC 55 26 103 25 95 34 99 19 88
Raleigh, NC 60 34 103 36 98 39 99 29 100
Raleigh, NC 100 53 124 40 114 39 99 44 112
Riverside, 
CA 10     0 42 0 36     
Riverside, 
CA 15 0 49 0 54 0 50 0 47
Riverside, 
CA 20 0 58 0 55 0 61 0 54
Riverside, 
CA 25 0 64 0 61 0 64 0 64
Riverside, 
CA 30 1 83 1 77 2 76 0 65
Riverside, 35 10 90 7 86 9 87 1 85



CA 
Riverside, 
CA 40 22 98 24 105 26 102 18 92
Riverside, 
CA 45 53 117 55 111 59 102 37 93
Riverside, 
CA 50 91 125 93 123 86 105 65 123
Riverside, 
CA 55 119 128 117 124 105 124 102 139
Riverside, 
CA 60 132 140 129 126 124 138 126 139
Riverside, 
CA 100 136 142 131 149 133 144 137 139
Rochester, 
NY 5 0 11 0 17 0 10 0 9
Rochester, 
NY 10 0 32 0 25 0 30 0 27
Rochester, 
NY 15 0 33 0 41 0 33 0 28
Rochester, 
NY 20 0 40 0 51 0 41 0 40
Rochester, 
NY 25 0 49 0 51 0 65 0 50
Rochester, 
NY 30 0 57 0 62 0 65 0 53
Rochester, 
NY 35 0 61 0 62 0 65 0 69
Rochester, 
NY 40 1 76 0 67 0 68 0 69
Rochester, 
NY 45 2 82 0 70 0 73 2 80
Rochester, 
NY 50 5 83 0 70 2 80 2 80
Rochester, 
NY 55 8 87 0 70 4 82 5 88
Rochester, 
NY 60 10 89 0 74 8 87 11 98
Rochester, 
NY 100 17 103 2 92 14 104 22 107



Sacramento
, CA 5                 
Sacramento
, CA 10 0 47 0 48 0 45 0 54
Sacramento
, CA 15 0 52 0 50 0 51 0 54
Sacramento
, CA 20 0 59 0 57 0 58 0 57
Sacramento
, CA 25 0 73 0 68 0 64 0 66
Sacramento
, CA 30 2 82 0 68 0 75 1 76
Sacramento
, CA 35 7 88 4 92 7 85 3 81
Sacramento
, CA 40 33 97 23 94 21 108 20 91
Sacramento
, CA 45 59 104 44 113 52 108 47 100
Sacramento
, CA 50 71 108 55 113 64 108 70 122
Sacramento
, CA 55 77 116 60 113 71 108 80 122
Sacramento
, CA 60 77 116 61 113 72 109 85 137
Sacramento
, CA 100 80 129 61 113 73 109 86 137
Salt Lake 
City, UT 5 0 42 0 16 0 37 0 57
Salt Lake 
City, UT 10 0 42 0 16 0 37 0 57
Salt Lake 
City, UT 15 0 42 0 47 0 37 0 57
Salt Lake 
City, UT 20 0 42 0 47 0 59 0 57
Salt Lake 
City, UT 25 0 54 0 60 0 63 0 57
Salt Lake 
City, UT 30 0 65 0 66 1 82 0 61
Salt Lake 35 1 77 0 73 2 82 0 68



City, UT 
Salt Lake 
City, UT 40 3 77 5 81 5 88 1 79
Salt Lake 
City, UT 45 9 85 13 88 9 88 10 94
Salt Lake 
City, UT 50 11 85 16 99 14 109 18 96
Salt Lake 
City, UT 55 12 111 17 99 15 109 19 96
Salt Lake 
City, UT 60 12 111 19 111 15 109 19 96
Salt Lake 
City, UT 100 12 111 19 111 15 109 19 96
San 
Antonio, TX 5     0 18 0 9     
San 
Antonio, TX 10 0 26 0 27 0 26 0 14
San 
Antonio, TX 15 0 39 0 41 0 33 0 33
San 
Antonio, TX 20 0 47 0 54 0 49 0 50
San 
Antonio, TX 25 0 59 0 61 0 59 0 54
San 
Antonio, TX 30 0 70 0 67 0 70 0 65
San 
Antonio, TX 35 1 76 1 76 0 70 1 78
San 
Antonio, TX 40 5 87 3 80 1 79 3 87
San 
Antonio, TX 45 9 100 7 87 6 81 12 100
San 
Antonio, TX 50 17 100 11 93 9 90 16 111
San 
Antonio, TX 55 22 100 13 93 9 90 20 111
San 
Antonio, TX 60 26 100 15 93 9 90 22 111
San 
Antonio, TX 100 26 100 15 93 9 90 27 111



San Diego, 
CA 5 0   0 38         
San Diego, 
CA 10 0 52 0 48 0 44 0 40
San Diego, 
CA 15 0 54 0 53 0 57 0 50
San Diego, 
CA 20 0 63 0 71 0 61 0 51
San Diego, 
CA 25 2 83 3 85 0 67 0 63
San Diego, 
CA 30 11 86 12 89 5 85 1 78
San Diego, 
CA 35 20 93 23 97 13 86 6 91
San Diego, 
CA 40 36 93 35 106 28 116 18 96
San Diego, 
CA 45 40 100 45 106 33 116 28 100
San Diego, 
CA 50 43 100 46 106 41 116 31 100
San Diego, 
CA 55 43 100 46 106 42 116 31 100
San Diego, 
CA 60 44 100 46 106 43 116 31 100
San Diego, 
CA 100 44 100 46 106 43 116 31 100
San Jose, 
CA 5                 
San Jose, 
CA 10 0 34 0 41 0 35 0 43
San Jose, 
CA 15 0 70 0 48 0 52 0 53
San Jose, 
CA 20 0 70 0 69 0 69 0 71
San Jose, 
CA 25 1 76 0 73 1 77 0 75
San Jose, 
CA 30 5 79 2 82 1 77 6 83
San Jose, 35 11 85 7 84 4 79 14 83



CA 
San Jose, 
CA 40 17 87 7 84 8 94 17 88
San Jose, 
CA 45 18 102 9 101 9 96 20 96
San Jose, 
CA 50 18 102 9 101 10 96 24 99
San Jose, 
CA 55 18 102 9 101 10 96 24 99
San Jose, 
CA 60 18 102 9 101 10 96 24 99
San Jose, 
CA 100 18 102 9 101 10 96 24 99
Seattle, WA 5             0 7
Seattle, WA 10     0 34 0 30 0 22
Seattle, WA 15 0 56 0 45 0 54 0 47
Seattle, WA 20 0 65 0 52 0 58 0 57
Seattle, WA 25 0 65 0 60 0 62 0 62
Seattle, WA 30 0 65 0 61 0 65 0 67
Seattle, WA 35 0 74 0 70 0 72 1 83
Seattle, WA 40 0 75 2 86 2 90 3 83
Seattle, WA 45 1 91 2 86 2 90 3 83
Seattle, WA 50 1 91 3 86 2 90 3 83
Seattle, WA 55 1 91 3 86 2 90 3 83
Seattle, WA 60 1 91 3 86 2 90 3 83
Seattle, WA 100 1 91 3 86 2 90 3 83
Shreveport, 
LA 5             0 14
Shreveport, 
LA 10 0 28 0 24 0 24 0 31
Shreveport, 
LA 15 0 31 0 33 0 38 0 42
Shreveport, 
LA 20 0 46 0 46 0 47 0 43
Shreveport, 
LA 25 0 63 0 56 0 62 0 52
Shreveport, 
LA 30 0 69 0 68 0 72 0 60



Shreveport, 
LA 35 1 76 0 74 0 72 0 68
Shreveport, 
LA 40 5 83 3 89 1 80 0 69
Shreveport, 
LA 45 16 99 16 93 9 92 2 80
Shreveport, 
LA 50 25 99 20 93 14 92 3 80
Shreveport, 
LA 55 31 99 26 93 16 92 4 80
Shreveport, 
LA 60 32 99 26 93 16 92 5 80
Shreveport, 
LA 100 33 99 28 106 16 92 5 80
Spokane, 
WA 5 0 36 0 30 0   0 41
Spokane, 
WA 10 0 36 0 30 0   0 41
Spokane, 
WA 15 0 36 0 30 0   0 41
Spokane, 
WA 20 0 36 0 36 0   0 41
Spokane, 
WA 25 0 43 0 39 0 34 0 41
Spokane, 
WA 30 0 51 0 49 0 46 0 46
Spokane, 
WA 35 0 58 0 53 0 54 0 55
Spokane, 
WA 40 0 66 0 63 0 62 0 61
Spokane, 
WA 45 0 68 0 68 0 68 0 74
Spokane, 
WA 50 0 68 0 75 0 71 0 75
Spokane, 
WA 55 0 68 0 75 1 79 0 75
Spokane, 
WA 60 0 68 0 75 1 79 0 75
Spokane, 100 0 68 0 75 1 79 0 75



WA 
St Louis, 
MO 5 0 30 0 22 0 23 0 14
St Louis, 
MO 10 0 30 0 34 0 29 0 38
St Louis, 
MO 15 0 43 0 50 0 45 0 44
St Louis, 
MO 20 0 50 0 52 0 50 0 50
St Louis, 
MO 25 0 61 0 60 0 64 0 60
St Louis, 
MO 30 0 67 1 76 0 73 1 76
St Louis, 
MO 35 5 102 4 80 7 86 7 92
St Louis, 
MO 40 19 104 8 89 16 92 21 92
St Louis, 
MO 45 29 108 15 96 27 92 28 104
St Louis, 
MO 50 41 110 24 99 32 99 38 114
St Louis, 
MO 55 48 110 26 99 32 99 44 119
St Louis, 
MO 60 49 129 27 99 32 99 49 119
St Louis, 
MO 100 49 129 27 99 32 99 49 119
Stockton, 
CA 5 0 23 0 15 0 37 0 15
Stockton, 
CA 10 0 33 0 34 0 37 0 33
Stockton, 
CA 15 0 47 0 38 0 41 0 41
Stockton, 
CA 20 0 64 0 51 0 45 0 42
Stockton, 
CA 25 0 65 0 54 0 60 0 55
Stockton, 
CA 30 0 72 0 65 0 67 0 71



Stockton, 
CA 35 4 84 0 73 0 73 0 75
Stockton, 
CA 40 12 89 5 84 6 78 3 84
Stockton, 
CA 45 17 93 9 94 11 84 10 88
Stockton, 
CA 50 19 100 10 94 13 92 14 96
Stockton, 
CA 55 19 100 10 94 13 92 14 96
Stockton, 
CA 60 20 108 10 94 13 92 14 96
Stockton, 
CA 100 21 113 10 94 13 92 14 96
Syracuse, 
NY 5 0           0 20
Syracuse, 
NY 10 0 30 0 30 0 22 0 24
Syracuse, 
NY 15 0 43 0 36 0 34 0 35
Syracuse, 
NY 20 0 43 0 53 0 47 0 47
Syracuse, 
NY 25 0 48 0 53 0 50 0 54
Syracuse, 
NY 30 0 60 0 58 0 62 0 54
Syracuse, 
NY 35 0 63 0 61 0 69 0 70
Syracuse, 
NY 40 0 72 0 74 0 75 0 74
Syracuse, 
NY 45 0 73 0 74 3 79 2 82
Syracuse, 
NY 50 2 86 1 77 4 85 4 83
Syracuse, 
NY 55 5 89 1 77 8 87 13 98
Syracuse, 
NY 60 8 89 1 77 11 98 15 98
Syracuse, 100 12 98 2 97 13 98 18 98



NY 

Tampa, FL 5 0 18             
Tampa, FL 10 0 24 0 28 0 16 0 21
Tampa, FL 15 0 44 0 37 0 50 0 47
Tampa, FL 20 0 56 0 60 0 53 0 53
Tampa, FL 25 0 62 0 60 0 71 0 59
Tampa, FL 30 1 76 0 68 0 71 0 67
Tampa, FL 35 1 76 2 79 2 84 2 79
Tampa, FL 40 4 86 7 91 6 84 3 79
Tampa, FL 45 14 96 15 91 12 97 4 83
Tampa, FL 50 18 96 21 91 16 97 5 83
Tampa, FL 55 23 104 27 91 17 97 5 83
Tampa, FL 60 25 104 28 91 19 105 6 83
Tampa, FL 100 26 104 31 91 20 105 6 83
Toledo, OH 5 0 32 0 12 0 41 0 27
Toledo, OH 10 0 42 0 26 0 41 0 28
Toledo, OH 15 0 42 0 37 0 41 0 33
Toledo, OH 20 0 54 0 51 0 47 0 44
Toledo, OH 25 0 68 0 51 0 60 0 52
Toledo, OH 30 2 92 0 66 0 67 0 62
Toledo, OH 35 3 92 0 66 0 73 0 71
Toledo, OH 40 10 92 1 84 2 79 2 81
Toledo, OH 45 15 92 3 84 9 83 7 82
Toledo, OH 50 18 92 4 84 15 91 14 99
Toledo, OH 55 21 92 5 85 19 101 22 103
Toledo, OH 60 24 112 5 85 23 101 27 108
Toledo, OH 100 25 112 7 88 23 101 28 108
Tucson, AZ 10 0 29 0 35 0 27 0 30
Tucson, AZ 15 0 36 0 41 0 40 0 38
Tucson, AZ 20 0 45 0 44 0 44 0 44
Tucson, AZ 25 0 55 0 53 0 49 0 49
Tucson, AZ 30 0 63 0 60 0 57 0 56
Tucson, AZ 35 0 67 0 67 0 62 0 66
Tucson, AZ 40 0 71 0 70 0 69 0 70
Tucson, AZ 45 0 72 1 79 0 71 0 72



Tucson, AZ 50 1 82 5 81 0 75 2 77
Tucson, AZ 55 2 85 7 81 0 75 3 79
Tucson, AZ 60 2 85 9 81 0 75 5 90
Tucson, AZ 100 2 85 9 81 0 75 5 90
Tulsa, OK 5     0 11 0 6 0 5
Tulsa, OK 10 0 27 0 25 0 29 0 23
Tulsa, OK 15 0 39 0 38 0 36 0 36
Tulsa, OK 20 0 53 0 48 0 50 0 47
Tulsa, OK 25 0 66 0 59 0 58 0 58
Tulsa, OK 30 0 66 0 67 0 74 0 64
Tulsa, OK 35 1 82 0 74 0 74 2 83
Tulsa, OK 40 2 86 3 97 3 80 5 83
Tulsa, OK 45 6 98 10 97 9 97 15 88
Tulsa, OK 50 15 103 18 106 17 97 21 95
Tulsa, OK 55 21 103 20 106 25 110 24 99
Tulsa, OK 60 23 103 21 123 27 110 24 99
Tulsa, OK 100 25 103 23 123 27 110 24 99
Washington
, DC 5 0 23 0 25 0 18 0 16
Washington
, DC 10 0 44 0 48 0 36 0 31
Washington
, DC 15 0 46 0 51 0 49 0 51
Washington
, DC 20 0 49 0 72 0 55 0 51
Washington
, DC 25 1 81 0 72 0 66 0 69
Washington
, DC 30 1 81 0 75 1 77 2 119
Washington
, DC 35 5 85 5 88 5 81 5 119
Washington
, DC 40 21 92 10 88 19 93 13 119
Washington
, DC 45 35 96 22 112 23 93 18 119
Washington
, DC 50 43 106 23 112 38 108 37 119



Washington
, DC 55 61 124 27 112 42 108 48 120
Washington
, DC 60 63 124 28 112 43 111 53 133
Washington
, DC 100 66 124 30 117 43 111 57 133
Wichita, KS 5 0 8     0 5 0 7
Wichita, KS 10 0 29 0 26 0 29 0 30
Wichita, KS 15 0 37 0 36 0 34 0 34
Wichita, KS 20 0 49 0 40 0 47 0 47
Wichita, KS 25 0 62 0 56 0 55 0 56
Wichita, KS 30 0 68 0 63 0 67 0 58
Wichita, KS 35 0 68 0 70 0 68 0 61
Wichita, KS 40 0 70 0 70 1 76 1 77
Wichita, KS 45 1 77 1 79 3 80 1 77
Wichita, KS 50 1 77 5 97 4 80 1 77
Wichita, KS 55 5 92 7 97 8 84 5 89
Wichita, KS 60 11 92 11 97 16 90 10 89
Wichita, KS 100 11 92 14 97 21 97 12 89
Worcester, 
MA 5 0   0 30 0 13 0   
Worcester, 
MA 10 0 30 0 30 0 26 0 15
Worcester, 
MA 15 0 40 0 30 0 32 0 29
Worcester, 
MA 20 0 40 0 37 0 41 0 40
Worcester, 
MA 25 0 48 0 47 0 41 0 40
Worcester, 
MA 30 0 48 0 51 0 46 0 47
Worcester, 
MA 35 0 54 0 62 0 49 0 53
Worcester, 
MA 40 0 63 0 62 0 59 0 58
Worcester, 
MA 45 0 67 0 62 0 67 0 64
Worcester, 50 0 74 0 74 0 67 1 76



MA 
Worcester, 
MA 55 0 74 2 77 0 75 2 79
Worcester, 
MA 60 5 86 2 77 1 83 5 89
Worcester, 
MA 100 14 101 4 95 9 102 14 118
 

 



Number of exceedances of 75 ppb and highest 8-h concentration for different cutoff concentrations (Continued) 

city 

cutoff 
conc.  
(ppb) 

Number of 
exceedanc
es of 75 
ppb 2003 

Highest 8-
hour conc. 
(ppb) 2003 

Number of 
exceedanc
es of 75 
ppb 2004 

Highest 8-
hour conc. 
(ppb) 2004 

Number of 
exceedanc
es of 75 
ppb 2005 

Highest 8-
hour conc. 
(ppb) 2005 

Number of 
exceedanc
es of 75 
ppb 2006 

Highest 8-
hour conc. 
(ppb) 2006 

Akron, OH 5 0 37 0 22 0 33 0 33
Akron, OH 10 0 37 0 31 0 33 0 33
Akron, OH 15 0 40 0 40 0 35 0 33
Akron, OH 20 0 48 0 51 0 42 0 46
Akron, OH 25 0 56 0 56 0 60 0 55
Akron, OH 30 0 64 0 73 0 72 0 66
Akron, OH 35 2 80 1 78 2 78 0 73
Akron, OH 40 4 84 2 78 3 80 2 80
Akron, OH 45 5 84 3 81 8 86 3 82
Akron, OH 50 10 91 5 87 19 88 4 82
Akron, OH 55 11 91 7 87 25 93 5 82
Akron, OH 60 11 91 8 87 27 93 5 82
Akron, OH 100 15 123 8 87 28 107 5 82
Albuquerqu
e, NM 10 0 39 0 35 0 32 0 28
Albuquerqu
e, NM 15 0 45 0 38 0 42 0 41
Albuquerqu
e, NM 20 0 45 0 47 0 46 0 45
Albuquerqu
e, NM 25 0 55 0 52 0 56 0 53
Albuquerqu
e, NM 30 0 64 0 73 0 58 0 58
Albuquerqu
e, NM 35 0 67 0 73 0 62 0 71
Albuquerqu
e, NM 40 1 78 0 73 0 69 0 75
Albuquerqu
e, NM 45 2 78 0 74 1 76 1 79
Albuquerqu
e, NM 50 7 85 2 77 8 84 3 79
Albuquerqu 55 11 85 3 77 10 84 5 80



e, NM 
Albuquerqu
e, NM 60 15 91 3 77 10 84 5 80
Albuquerqu
e, NM 100 15 91 3 77 10 84 5 80
Atlanta, GA 5 0 18 0 39 0 34 0 46
Atlanta, GA 10 0 25 0 39 0 34 0 46
Atlanta, GA 15 0 46 0 44 0 46 0 46
Atlanta, GA 20 0 53 0 55 0 52 0 59
Atlanta, GA 25 0 73 0 67 0 74 0 66
Atlanta, GA 30 2 78 1 77 2 78 1 82
Atlanta, GA 35 11 88 7 83 14 89 4 82
Atlanta, GA 40 23 99 17 96 32 91 18 93
Atlanta, GA 45 31 108 27 102 46 114 37 108
Atlanta, GA 50 33 108 29 112 50 114 55 121
Atlanta, GA 55 34 108 29 112 51 114 58 121
Atlanta, GA 60 34 108 29 112 51 114 58 121
Atlanta, GA 100 34 108 29 112 51 114 58 121
Austin, TX 5 0 9     0 3 0 14
Austin, TX 10 0 31 0 35 0 23 0 21
Austin, TX 15 0 31 0 35 0 31 0 26
Austin, TX 20 0 43 0 44 0 43 0 36
Austin, TX 25 0 47 0 48 0 51 0 47
Austin, TX 30 0 53 0 54 0 65 0 60
Austin, TX 35 0 65 0 60 0 74 0 65
Austin, TX 40 0 72 0 69 0 74 0 74
Austin, TX 45 0 74 2 86 3 82 1 81
Austin, TX 50 6 84 4 92 6 82 6 88
Austin, TX 55 9 85 9 92 11 88 14 89
Austin, TX 60 12 92 10 92 11 88 15 91
Austin, TX 100 14 96 10 92 11 88 16 91
Bakersfield, 
CA 5         0 36     
Bakersfield, 
CA 10 0 52 0 42 0 39 0 39
Bakersfield, 15 0 52 0 42 0 41 0 45



CA 
Bakersfield, 
CA 20 0 52 0 51 0 46 0 48
Bakersfield, 
CA 25 0 52 0 52 0 65 0 58
Bakersfield, 
CA 30 0 71 0 60 0 65 0 66
Bakersfield, 
CA 35 0 71 0 72 0 71 0 69
Bakersfield, 
CA 40 4 82 3 83 0 71 0 73
Bakersfield, 
CA 45 20 95 17 86 10 86 9 81
Bakersfield, 
CA 50 55 102 57 97 37 102 34 96
Bakersfield, 
CA 55 98 119 98 104 64 105 69 103
Bakersfield, 
CA 60 120 119 126 116 80 105 90 108
Bakersfield, 
CA 100 144 127 134 126 94 113 110 121
Baltimore, 
MD 5 0 18 0 9 0 27 0 24
Baltimore, 
MD 10 0 37 0 26 0 27 0 34
Baltimore, 
MD 15 0 42 0 39 0 40 0 37
Baltimore, 
MD 20 0 54 0 50 0 40 0 53
Baltimore, 
MD 25 0 57 0 60 0 51 0 54
Baltimore, 
MD 30 0 71 0 66 0 64 0 59
Baltimore, 
MD 35 0 75 0 75 1 76 0 65
Baltimore, 
MD 40 5 92 5 88 8 93 3 79
Baltimore, 
MD 45 11 92 13 88 19 97 10 90



Baltimore, 
MD 50 18 92 22 103 28 108 21 95
Baltimore, 
MD 55 20 96 27 107 33 113 27 110
Baltimore, 
MD 60 21 96 27 107 34 113 31 110
Baltimore, 
MD 100 23 130 27 107 34 113 31 110
Baton 
Rouge, LA 5                 
Baton 
Rouge, LA 10 0 35 0 32 0 32 0 24
Baton 
Rouge, LA 15 0 52 0 49 0 42 0 43
Baton 
Rouge, LA 20 0 57 0 58 0 58 0 59
Baton 
Rouge, LA 25 0 75 2 79 0 68 0 69
Baton 
Rouge, LA 30 0 75 4 85 4 101 2 93
Baton 
Rouge, LA 35 6 105 8 97 17 105 9 93
Baton 
Rouge, LA 40 16 112 18 98 35 105 19 101
Baton 
Rouge, LA 45 23 119 24 100 44 105 30 101
Baton 
Rouge, LA 50 29 119 28 110 48 105 34 101
Baton 
Rouge, LA 55 30 119 28 110 50 106 38 101
Baton 
Rouge, LA 60 31 119 28 110 51 106 40 103
Baton 
Rouge, LA 100 31 119 28 110 51 106 40 103
Biddeford, 
ME 5 0 16 0 24 0 28 0 21
Biddeford, 
ME 10 0 39 0 38 0 28 0 27
Biddeford, 15 0 39 0 38 0 31 0 35



ME 
Biddeford, 
ME 20 0 45 0 39 0 43 0 45
Biddeford, 
ME 25 0 54 0 50 0 54 0 50
Biddeford, 
ME 30 0 61 0 68 0 63 0 69
Biddeford, 
ME 35 0 73 0 71 0 72 0 69
Biddeford, 
ME 40 1 83 1 81 2 76 1 79
Biddeford, 
ME 45 2 83 3 100 3 79 2 79
Biddeford, 
ME 50 4 93 6 100 7 89 3 82
Biddeford, 
ME 55 8 93 8 100 8 89 4 82
Biddeford, 
ME 60 8 93 8 100 8 89 4 82
Biddeford, 
ME 100 8 93 8 100 9 89 4 82
Birmingham
, AL 5 0 12 0 14 0 11 0 8
Birmingham
, AL 10 0 36 0 27 0 29 0 26
Birmingham
, AL 15 0 39 0 43 0 42 0 41
Birmingham
, AL 20 0 57 0 48 0 55 0 50
Birmingham
, AL 25 0 64 0 64 0 65 0 61
Birmingham
, AL 30 0 72 0 74 1 79 0 69
Birmingham
, AL 35 6 87 6 88 5 88 2 81
Birmingham
, AL 40 13 87 10 97 18 96 10 91
Birmingham
, AL 45 17 96 10 97 25 97 18 100



Birmingham
, AL 50 17 96 10 97 25 97 27 109
Birmingham
, AL 55 17 96 10 97 25 97 27 109
Birmingham
, AL 60 17 96 10 97 25 97 28 109
Birmingham
, AL 100 17 96 10 97 25 97 28 109
Boston, MA 5 0 31 0 18 0 25 0 23
Boston, MA 10 0 40 0 31 0 35 0 33
Boston, MA 15 0 40 0 39 0 43 0 38
Boston, MA 20 0 46 0 55 0 48 0 48
Boston, MA 25 0 54 0 55 0 59 0 53
Boston, MA 30 1 77 0 65 0 63 0 56
Boston, MA 35 1 77 0 68 1 76 0 68
Boston, MA 40 1 77 2 95 4 95 0 69
Boston, MA 45 3 80 3 98 10 95 1 77
Boston, MA 50 7 92 5 100 16 95 5 79
Boston, MA 55 8 92 7 100 18 95 9 87
Boston, MA 60 11 109 8 100 19 95 10 87
Boston, MA 100 11 109 8 100 22 103 12 89
Buffalo, NY 5 0 18 0 21 0 18 0 9
Buffalo, NY 10 0 33 0 27 0 27 0 26
Buffalo, NY 15 0 34 0 37 0 31 0 40
Buffalo, NY 20 0 44 0 45 0 40 0 42
Buffalo, NY 25 0 58 0 56 0 53 0 45
Buffalo, NY 30 0 63 0 62 0 53 0 61
Buffalo, NY 35 0 63 0 63 0 64 0 68
Buffalo, NY 40 0 66 0 75 0 70 0 68
Buffalo, NY 45 1 78 2 82 1 77 0 75
Buffalo, NY 50 3 78 4 82 5 98 0 75
Buffalo, NY 55 3 78 5 82 11 98 3 86
Buffalo, NY 60 4 78 7 82 13 98 4 86
Buffalo, NY 100 12 110 8 82 22 103 6 86
Cedar 
Rapids, IA 5 0 25 0 20 0 25 0 23



Cedar 
Rapids, IA 10 0 25 0 20 0 25 0 23
Cedar 
Rapids, IA 15 0 26 0 22 0 28 0 29
Cedar 
Rapids, IA 20 0 40 0 48 0 34 0 34
Cedar 
Rapids, IA 25 0 47 0 48 0 46 0 47
Cedar 
Rapids, IA 30 0 56 0 54 0 52 0 52
Cedar 
Rapids, IA 35 0 61 0 63 0 61 0 60
Cedar 
Rapids, IA 40 0 66 0 64 0 64 0 65
Cedar 
Rapids, IA 45 0 68 0 69 0 70 0 67
Cedar 
Rapids, IA 50 0 70 0 69 0 73 0 68
Cedar 
Rapids, IA 55 0 70 0 69 1 79 0 68
Cedar 
Rapids, IA 60 1 76 0 69 1 79 0 68
Cedar 
Rapids, IA 100 1 76 0 69 1 79 0 68
Charlotte, 
NC 5 0   0   0 7 0 10
Charlotte, 
NC 10 0 29 0 27 0 18 0 29
Charlotte, 
NC 15 0 38 0 37 0 36 0 38
Charlotte, 
NC 20 0 51 0 50 0 54 0 48
Charlotte, 
NC 25 0 54 0 61 0 59 0 59
Charlotte, 
NC 30 1 76 0 68 2 77 0 73
Charlotte, 
NC 35 1 76 1 77 9 84 1 83
Charlotte, 40 6 96 9 83 17 93 6 90



NC 
Charlotte, 
NC 45 10 96 15 93 21 93 18 96
Charlotte, 
NC 50 13 99 18 107 28 101 21 103
Charlotte, 
NC 55 15 114 19 107 30 111 24 103
Charlotte, 
NC 60 16 114 20 107 31 111 24 103
Charlotte, 
NC 100 16 114 20 107 31 111 24 103
Chicago, IL 5 0 22 0 27 0 28 0 22
Chicago, IL 10 0 37 0 32 0 31 0 32
Chicago, IL 15 0 47 0 43 0 44 0 40
Chicago, IL 20 0 59 0 52 0 50 0 58
Chicago, IL 25 0 67 0 65 0 58 0 61
Chicago, IL 30 0 73 0 68 0 64 0 68
Chicago, IL 35 0 75 3 79 2 79 1 91
Chicago, IL 40 5 87 8 97 9 91 6 91
Chicago, IL 45 15 90 9 97 18 100 7 91
Chicago, IL 50 21 101 9 97 25 113 9 91
Chicago, IL 55 22 101 9 97 29 113 10 91
Chicago, IL 60 23 101 9 97 33 113 11 91
Chicago, IL 100 23 101 9 97 33 113 11 91
Cincinnati, 
OH 5 0 8 0 43 0 34 0 19
Cincinnati, 
OH 10 0 35 0 43 0 36 0 19
Cincinnati, 
OH 15 0 40 0 43 0 43 0 42
Cincinnati, 
OH 20 0 52 0 54 0 46 0 43
Cincinnati, 
OH 25 0 62 0 67 0 62 0 60
Cincinnati, 
OH 30 0 71 1 76 0 71 0 75
Cincinnati, 
OH 35 3 86 6 87 4 85 4 90



Cincinnati, 
OH 40 9 94 11 87 14 113 13 90
Cincinnati, 
OH 45 15 103 16 90 27 113 20 98
Cincinnati, 
OH 50 21 121 17 90 41 113 22 98
Cincinnati, 
OH 55 24 121 17 90 43 113 24 98
Cincinnati, 
OH 60 24 121 17 90 43 113 24 98
Cincinnati, 
OH 100 24 121 17 90 43 113 24 98
Cleveland, 
OH 5 0 39 0 26 0 34 0 33
Cleveland, 
OH 10 0 39 0 26 0 35 0 33
Cleveland, 
OH 15 0 43 0 38 0 40 0 36
Cleveland, 
OH 20 0 50 0 45 0 55 0 47
Cleveland, 
OH 25 0 60 0 52 0 55 0 54
Cleveland, 
OH 30 0 61 1 76 0 68 0 62
Cleveland, 
OH 35 1 84 1 76 1 79 0 72
Cleveland, 
OH 40 1 84 4 87 6 80 2 77
Cleveland, 
OH 45 7 93 6 87 14 91 7 83
Cleveland, 
OH 50 10 95 10 87 24 95 12 90
Cleveland, 
OH 55 12 95 11 87 31 101 14 90
Cleveland, 
OH 60 13 97 11 87 33 104 14 90
Cleveland, 
OH 100 16 120 11 87 36 118 15 90



Colorado 
Springs, CO 5 0 36 0 10 0 15     

Colorado 
Springs, CO 10 0 38 0 41 0 15 0 43

Colorado 
Springs, CO 15 0 45 0 41 0 37 0 43

Colorado 
Springs, CO 20 0 45 0 49 0 45 0 48

Colorado 
Springs, CO 25 0 53 0 51 0 48 0 48

Colorado 
Springs, CO 30 0 58 0 54 0 54 0 51

Colorado 
Springs, CO 35 0 67 0 61 0 57 0 59

Colorado 
Springs, CO 40 1 80 0 65 0 66 0 63

Colorado 
Springs, CO 45 1 80 0 72 0 71 0 69

Colorado 
Springs, CO 50 2 80 0 72 0 72 1 79

Colorado 
Springs, CO 55 3 84 0 72 3 81 1 79

Colorado 
Springs, CO 60 4 84 0 72 5 86 5 79

Colorado 
Springs, CO 100 4 84 0 72 6 86 5 79
Columbus, 
GA 5 0 10 0 36 0 25 0 31
Columbus, 
GA 10 0 21 0 36 0 25 0 31
Columbus, 
GA 15 0 37 0 36 0 30 0 36
Columbus, 
GA 20 0 51 0 51 0 49 0 45
Columbus, 
GA 25 0 60 0 56 1 82 0 54



Columbus, 
GA 30 0 66 0 63 1 82 0 62
Columbus, 
GA 35 0 70 0 68 1 82 0 71
Columbus, 
GA 40 0 73 1 83 4 85 0 73
Columbus, 
GA 45 2 83 1 83 6 88 1 80
Columbus, 
GA 50 2 83 2 83 6 88 3 87
Columbus, 
GA 55 2 83 2 83 6 88 4 87
Columbus, 
GA 60 2 83 2 83 6 88 5 87
Columbus, 
GA 100 2 83 2 83 6 88 5 87
Columbus, 
OH 5 0 45 0 24 0 30 0 37
Columbus, 
OH 10 0 45 0 30 0 30 0 37
Columbus, 
OH 15 0 45 0 44 0 43 0 37
Columbus, 
OH 20 0 48 0 44 0 45 0 46
Columbus, 
OH 25 0 55 0 53 0 47 0 53
Columbus, 
OH 30 0 66 0 67 0 64 0 67
Columbus, 
OH 35 0 73 0 68 0 74 0 71
Columbus, 
OH 40 2 83 3 86 5 84 3 82
Columbus, 
OH 45 6 83 9 86 14 92 4 82
Columbus, 
OH 50 17 95 11 86 23 92 7 85
Columbus, 
OH 55 18 95 11 86 29 106 9 87
Columbus, 60 18 95 11 86 30 106 11 87



OH 
Columbus, 
OH 100 20 129 11 86 30 106 11 87
Corpus 
Christi, TX 5 0 11     0 4 0   
Corpus 
Christi, TX 10 0 25 0 19 0 20 0 24
Corpus 
Christi, TX 15 0 30 0 31 0 35 0 32
Corpus 
Christi, TX 20 0 54 0 57 0 44 0 39
Corpus 
Christi, TX 25 0 54 0 57 0 48 0 50
Corpus 
Christi, TX 30 0 66 0 58 0 61 0 52
Corpus 
Christi, TX 35 0 66 0 60 0 61 0 71
Corpus 
Christi, TX 40 0 70 0 72 0 68 0 71
Corpus 
Christi, TX 45 1 87 2 79 0 71 0 75
Corpus 
Christi, TX 50 5 87 3 79 0 71 0 75
Corpus 
Christi, TX 55 7 87 5 93 0 71 2 84
Corpus 
Christi, TX 60 11 93 5 93 0 71 2 84
Corpus 
Christi, TX 100 11 93 5 93 0 71 2 84
Dallas/Ft 
Worth, TX 5 0 20 0 11 0 12 0 23
Dallas/Ft 
Worth, TX 10 0 33 0 31 0 30 0 23
Dallas/Ft 
Worth, TX 15 0 39 0 45 0 40 0 44
Dallas/Ft 
Worth, TX 20 0 48 0 47 0 49 0 47
Dallas/Ft 
Worth, TX 25 0 56 0 53 0 55 0 63



Dallas/Ft 
Worth, TX 30 0 74 0 69 0 63 0 67
Dallas/Ft 
Worth, TX 35 2 81 3 96 2 82 0 69
Dallas/Ft 
Worth, TX 40 9 94 16 96 6 100 3 82
Dallas/Ft 
Worth, TX 45 23 97 27 100 23 103 9 84
Dallas/Ft 
Worth, TX 50 34 104 39 108 46 115 21 103
Dallas/Ft 
Worth, TX 55 41 104 46 108 66 115 37 103
Dallas/Ft 
Worth, TX 60 43 104 47 108 70 117 47 107
Dallas/Ft 
Worth, TX 100 45 130 48 108 70 117 49 107
Dayton, OH 5 0 43 0 34 0 22 0 32
Dayton, OH 10 0 43 0 34 0 29 0 32
Dayton, OH 15 0 43 0 40 0 32 0 34
Dayton, OH 20 0 46 0 46 0 46 0 42
Dayton, OH 25 0 60 0 52 0 57 0 57
Dayton, OH 30 0 62 0 71 0 66 0 67
Dayton, OH 35 0 73 0 75 0 75 1 81
Dayton, OH 40 2 94 1 81 3 78 3 85
Dayton, OH 45 5 94 2 81 10 83 3 85
Dayton, OH 50 10 94 3 84 15 89 4 85
Dayton, OH 55 11 94 3 84 18 95 4 85
Dayton, OH 60 12 121 3 84 19 95 5 88
Dayton, OH 100 13 121 3 84 19 95 5 88
Denver, CO 5 0 29 0 25 0 27 0 25
Denver, CO 10 0 45 0 34 0 47 0 39
Denver, CO 15 0 45 0 46 0 47 0 51
Denver, CO 20 0 48 0 50 0 52 0 51
Denver, CO 25 0 53 0 53 0 52 0 52
Denver, CO 30 0 66 0 65 0 71 0 62
Denver, CO 35 0 71 0 68 0 71 0 67
Denver, CO 40 1 77 0 73 0 74 0 74



Denver, CO 45 9 86 4 79 4 81 3 82
Denver, CO 50 21 95 8 81 14 86 16 94
Denver, CO 55 28 95 8 81 17 91 28 96
Denver, CO 60 31 115 8 81 17 91 28 96
Denver, CO 100 32 119 8 81 17 91 28 96
Des 
Moines, IA 5 0 13 0 10 0 19 0 29
Des 
Moines, IA 10 0 24 0 19 0 21 0 29
Des 
Moines, IA 15 0 35 0 35 0 37 0 29
Des 
Moines, IA 20 0 39 0 46 0 52 0 42
Des 
Moines, IA 25 0 49 0 48 0 52 0 50
Des 
Moines, IA 30 0 59 0 61 0 58 0 63
Des 
Moines, IA 35 0 73 0 61 0 58 0 63
Des 
Moines, IA 40 0 73 0 61 0 71 0 72
Des 
Moines, IA 45 0 73 0 64 1 79 0 72
Des 
Moines, IA 50 0 73 0 64 2 79 0 72
Des 
Moines, IA 55 0 73 0 64 2 79 0 72
Des 
Moines, IA 60 0 73 0 64 2 79 0 72
Des 
Moines, IA 100 0 73 0 64 2 79 0 72
Detroit, MI 5 0 36 0 36 0 36 0 21
Detroit, MI 10 0 36 0 36 0 36 0 27
Detroit, MI 15 0 36 0 40 0 36 0 31
Detroit, MI 20 0 46 0 54 0 46 0 45
Detroit, MI 25 0 66 0 56 0 58 0 53
Detroit, MI 30 0 70 1 81 0 73 0 69
Detroit, MI 35 1 78 1 81 1 79 1 78



Detroit, MI 40 4 80 5 83 6 83 1 78
Detroit, MI 45 7 90 5 83 19 90 6 84
Detroit, MI 50 10 115 6 83 22 90 6 84
Detroit, MI 55 12 115 6 83 26 103 6 84
Detroit, MI 60 13 115 6 83 27 107 6 84
Detroit, MI 100 14 123 6 83 27 107 7 91
El Paso, TX 5     0 16 0 17     
El Paso, TX 10 0 30 0 40 0 33 0 32
El Paso, TX 15 0 41 0 40 0 45 0 46
El Paso, TX 20 0 49 0 52 0 51 0 57
El Paso, TX 25 0 65 0 63 0 64 0 61
El Paso, TX 30 0 73 0 70 1 77 0 69
El Paso, TX 35 2 78 0 74 2 81 0 73
El Paso, TX 40 3 81 0 74 8 84 1 85
El Paso, TX 45 5 86 4 84 13 99 3 85
El Paso, TX 50 7 86 7 84 16 99 7 92
El Paso, TX 55 7 86 7 84 16 99 9 92
El Paso, TX 60 7 86 7 84 16 99 10 92
El Paso, TX 100 7 86 7 84 16 99 10 92
Evansville, 
IN 5 0   0 39 0 34 0 29
Evansville, 
IN 10 0 18 0 39 0 34 0 29
Evansville, 
IN 15 0 36 0 39 0 42 0 31
Evansville, 
IN 20 0 45 0 47 0 47 0 44
Evansville, 
IN 25 0 56 0 55 0 55 0 56
Evansville, 
IN 30 0 62 0 66 0 70 0 70
Evansville, 
IN 35 0 72 0 70 1 81 0 75
Evansville, 
IN 40 4 77 2 84 5 84 2 83
Evansville, 
IN 45 7 80 3 84 20 96 3 88



Evansville, 
IN 50 12 90 4 84 23 96 8 95
Evansville, 
IN 55 14 101 5 84 23 96 8 95
Evansville, 
IN 60 14 101 5 84 23 96 8 95
Evansville, 
IN 100 14 101 5 84 24 96 8 95
Fresno, CA 5 0 12 0 15 0 14 0 20
Fresno, CA 10 0 34 0 26 0 28 0 30
Fresno, CA 15 0 45 0 35 0 43 0 44
Fresno, CA 20 0 59 0 44 0 51 0 53
Fresno, CA 25 0 59 0 56 0 60 0 58
Fresno, CA 30 1 80 0 66 0 66 0 63
Fresno, CA 35 7 89 0 73 0 73 0 70
Fresno, CA 40 21 95 2 78 7 88 3 83
Fresno, CA 45 41 96 14 84 22 88 17 90
Fresno, CA 50 74 103 38 97 44 97 44 98
Fresno, CA 55 110 107 58 97 58 102 64 99
Fresno, CA 60 129 112 61 103 60 103 70 104
Fresno, CA 100 138 116 61 103 62 111 74 113
Ft. Wayne, 
IN 5 0 39 0 26 0 4 0 17
Ft. Wayne, 
IN 10 0 39 0 26 0 4 0 17
Ft. Wayne, 
IN 15 0 39 0 30 0 31 0 30
Ft. Wayne, 
IN 20 0 42 0 48 0 37 0 44
Ft. Wayne, 
IN 25 0 53 0 53 0 54 0 53
Ft. Wayne, 
IN 30 0 65 0 69 0 57 0 58
Ft. Wayne, 
IN 35 1 79 1 80 0 71 0 65
Ft. Wayne, 
IN 40 1 79 2 84 1 87 0 67
Ft. Wayne, 45 3 79 2 84 4 87 0 73



IN 
Ft. Wayne, 
IN 50 5 90 2 84 9 87 1 78
Ft. Wayne, 
IN 55 7 92 2 84 19 87 2 78
Ft. Wayne, 
IN 60 7 92 2 84 21 91 2 78
Ft. Wayne, 
IN 100 9 104 2 84 22 91 3 78
Grand 
Rapids, MI 5 0 23 0 26 0 31 0 17
Grand 
Rapids, MI 10 0 23 0 26 0 31 0 22
Grand 
Rapids, MI 15 0 33 0 30 0 31 0 30
Grand 
Rapids, MI 20 0 40 0 43 0 37 0 37
Grand 
Rapids, MI 25 0 50 0 48 0 46 0 47
Grand 
Rapids, MI 30 0 60 0 67 0 59 0 56
Grand 
Rapids, MI 35 0 67 1 82 0 62 0 60
Grand 
Rapids, MI 40 0 73 2 82 0 75 0 68
Grand 
Rapids, MI 45 0 73 2 82 3 83 0 73
Grand 
Rapids, MI 50 4 86 2 82 7 84 0 73
Grand 
Rapids, MI 55 7 94 2 82 14 86 2 82
Grand 
Rapids, MI 60 7 94 2 82 15 86 4 90
Grand 
Rapids, MI 100 10 106 2 82 17 94 7 104
Greensboro
, NC 5 0 28 0 12 0 11 0 46
Greensboro
, NC 10 0 28 0 20 0 21 0 46



Greensboro
, NC 15 0 30 0 32 0 28 0 46
Greensboro
, NC 20 0 42 0 46 0 47 0 46
Greensboro
, NC 25 0 51 0 55 0 49 0 47
Greensboro
, NC 30 0 73 0 58 0 61 0 57
Greensboro
, NC 35 0 73 0 73 0 68 0 67
Greensboro
, NC 40 1 83 1 76 0 71 0 74
Greensboro
, NC 45 3 87 4 85 2 78 1 77
Greensboro
, NC 50 7 87 5 85 9 94 4 80
Greensboro
, NC 55 10 87 5 85 12 94 9 80
Greensboro
, NC 60 11 87 6 85 13 94 12 88
Greensboro
, NC 100 13 111 6 85 13 94 12 88
Honolulu, HI 5 0 18 0 8 0 14 0 12
Honolulu, HI 10 0 22 0 21 0 22 0 20
Honolulu, HI 15 0 33 0 32 0 39 0 33
Honolulu, HI 20 0 39 0 37 0 39 0 37
Honolulu, HI 25 0 39 0 37 0 39 0 38
Honolulu, HI 30 0 39 0 46 0 46 0 41
Honolulu, HI 35 0 40 0 48 0 46 0 42
Honolulu, HI 40 0 40 0 50 0 46 0 42
Honolulu, HI 45 0 40 0 50 0 46 0 42
Honolulu, HI 50 0 40 0 56 0 46 0 42
Honolulu, HI 55 0 40 0 56 0 46 0 42
Honolulu, HI 60 0 40 0 56 0 46 0 42
Honolulu, HI 100 0 40 0 56 0 46 0 42
Houston, 
TX 5 0 24 0 20 0 11 0 18
Houston, 10 0 38 0 38 0 40 0 28



TX 
Houston, 
TX 15 0 60 0 56 0 66 0 58
Houston, 
TX 20 0 67 0 65 2 76 0 67
Houston, 
TX 25 2 92 3 93 5 84 1 88
Houston, 
TX 30 9 103 15 118 16 118 7 90
Houston, 
TX 35 23 108 27 118 39 118 18 101
Houston, 
TX 40 43 141 47 118 55 118 35 102
Houston, 
TX 45 50 141 57 118 74 118 47 110
Houston, 
TX 50 54 141 60 118 78 123 53 126
Houston, 
TX 55 59 141 61 118 80 123 55 126
Houston, 
TX 60 61 141 62 125 80 123 56 126
Houston, 
TX 100 63 141 62 125 80 123 56 126
Huntsville, 
AL 5 0 13 0       0   
Huntsville, 
AL 10 0 28 0 28 0 28 0 25
Huntsville, 
AL 15 0 39 0 39 0 35 0 40
Huntsville, 
AL 20 0 44 0 50 0 45 0 45
Huntsville, 
AL 25 0 61 0 50 0 53 0 53
Huntsville, 
AL 30 0 64 0 57 0 68 0 60
Huntsville, 
AL 35 1 80 0 69 0 71 0 73
Huntsville, 
AL 40 4 82 1 77 3 80 0 73



Huntsville, 
AL 45 10 89 2 84 3 80 0 75
Huntsville, 
AL 50 12 89 3 85 3 80 0 75
Huntsville, 
AL 55 14 89 4 85 3 80 1 80
Huntsville, 
AL 60 14 89 4 85 3 80 5 88
Huntsville, 
AL 100 14 89 4 85 3 80 5 88
Indianapolis
, IN 5 0 51 0 23 0 30 0 31
Indianapolis
, IN 10 0 51 0 23 0 30 0 31
Indianapolis
, IN 15 0 51 0 35 0 30 0 37
Indianapolis
, IN 20 0 51 0 43 0 47 0 42
Indianapolis
, IN 25 0 51 0 56 0 58 0 63
Indianapolis
, IN 30 0 69 0 75 0 66 0 63
Indianapolis
, IN 35 1 85 1 81 0 72 1 76
Indianapolis
, IN 40 6 88 2 81 6 83 2 80
Indianapolis
, IN 45 12 91 3 89 13 83 8 88
Indianapolis
, IN 50 17 101 3 89 23 98 11 88
Indianapolis
, IN 55 20 106 3 89 28 98 12 88
Indianapolis
, IN 60 21 108 3 89 29 98 14 88
Indianapolis
, IN 100 22 108 3 89 29 98 14 88
Jackson, 
MS 5 0 4 0 47 0 35 0 31
Jackson, 10 0 22 0 47 0 35 0 31



MS 
Jackson, 
MS 15 0 36 0 47 0 36 0 34
Jackson, 
MS 20 0 56 0 47 0 54 0 43
Jackson, 
MS 25 0 56 0 53 0 60 0 55
Jackson, 
MS 30 0 66 0 63 0 64 0 71
Jackson, 
MS 35 0 70 0 64 0 71 0 71
Jackson, 
MS 40 0 74 1 82 1 79 0 71
Jackson, 
MS 45 1 76 2 82 1 79 1 76
Jackson, 
MS 50 2 77 2 82 2 79 2 85
Jackson, 
MS 55 2 77 2 82 2 79 4 85
Jackson, 
MS 60 3 80 2 82 2 79 5 85
Jackson, 
MS 100 3 80 2 82 2 79 5 85
Jacksonville
, FL 5     0 9         
Jacksonville
, FL 10 0 26 0 26 0 23     
Jacksonville
, FL 15 0 42 0 38 0 41 0 41
Jacksonville
, FL 20 0 51 0 53 0 54 0 51
Jacksonville
, FL 25 0 55 0 63 0 68 0 61
Jacksonville
, FL 30 0 68 0 69 1 76 0 67
Jacksonville
, FL 35 1 77 0 71 2 79 0 75
Jacksonville
, FL 40 1 77 0 73 2 79 0 75



Jacksonville
, FL 45 1 77 1 95 3 83 0 75
Jacksonville
, FL 50 6 81 3 95 7 86 4 83
Jacksonville
, FL 55 8 81 4 95 7 86 6 83
Jacksonville
, FL 60 8 81 4 95 7 86 8 89
Jacksonville
, FL 100 8 81 4 95 7 86 8 89
Johnstown, 
PA 5 0 12 0 11 0 28 0 33
Johnstown, 
PA 10 0 27 0 23 0 28 0 33
Johnstown, 
PA 15 0 37 0 37 0 36 0 34
Johnstown, 
PA 20 0 51 0 50 0 46 0 44
Johnstown, 
PA 25 0 52 0 58 0 57 0 51
Johnstown, 
PA 30 0 64 0 66 0 62 0 58
Johnstown, 
PA 35 0 69 0 71 0 73 0 63
Johnstown, 
PA 40 1 83 1 77 1 76 0 75
Johnstown, 
PA 45 2 83 1 77 5 81 0 75
Johnstown, 
PA 50 3 84 1 77 6 86 0 75
Johnstown, 
PA 55 5 101 1 77 6 86 0 75
Johnstown, 
PA 60 5 101 1 77 6 86 0 75
Johnstown, 
PA 100 5 101 1 77 6 86 0 75
Kansas 
City, MO 5 0 6     0 19     
Kansas 10 0 36 0 31 0 27 0 25



City, MO 
Kansas 
City, MO 15 0 44 0 36 0 36 0 39
Kansas 
City, MO 20 0 46 0 41 0 45 0 41
Kansas 
City, MO 25 0 50 0 51 0 52 0 51
Kansas 
City, MO 30 0 64 0 66 0 64 0 58
Kansas 
City, MO 35 1 82 0 70 0 75 0 66
Kansas 
City, MO 40 2 82 0 73 2 87 0 75
Kansas 
City, MO 45 8 86 2 80 9 115 5 99
Kansas 
City, MO 50 16 106 4 80 20 115 15 99
Kansas 
City, MO 55 24 106 4 80 28 115 23 99
Kansas 
City, MO 60 34 106 4 80 31 115 29 106
Kansas 
City, MO 100 34 106 4 80 33 115 32 106
Kingston, 
NY 5 0   0   0   0 18
Kingston, 
NY 10 0 10 0   0 13 0 18
Kingston, 
NY 15 0 23 0 25 0 25 0 21
Kingston, 
NY 20 0 36 0 33 0 48 0 34
Kingston, 
NY 25 0 45 0 44 0 48 0 43
Kingston, 
NY 30 0 54 0 53 0 58 0 50
Kingston, 
NY 35 0 64 0 58 0 58 0 63
Kingston, 
NY 40 0 64 0 62 0 59 0 63



Kingston, 
NY 45 0 64 0 68 0 68 0 69
Kingston, 
NY 50 0 74 1 77 1 78 0 69
Kingston, 
NY 55 2 82 3 79 2 80 1 76
Kingston, 
NY 60 2 82 4 83 3 84 2 76
Kingston, 
NY 100 6 94 4 83 8 84 4 79
Knoxville, 
TN 5 0 6             
Knoxville, 
TN 10 0 32     0 21     
Knoxville, 
TN 15 0 42 0 46 0 40 0 39
Knoxville, 
TN 20 0 53 0 53 0 44 0 59
Knoxville, 
TN 25 0 58 0 68 0 63 0 59
Knoxville, 
TN 30 0 65 0 69 0 69 0 64
Knoxville, 
TN 35 0 75 1 78 1 84 2 81
Knoxville, 
TN 40 13 93 5 81 12 86 8 92
Knoxville, 
TN 45 25 95 10 85 25 92 19 92
Knoxville, 
TN 50 28 95 14 96 37 92 28 107
Knoxville, 
TN 55 30 96 14 96 42 92 30 107
Knoxville, 
TN 60 31 100 14 96 42 92 30 107
Knoxville, 
TN 100 31 100 14 96 42 92 30 107
Lafayette, 
LA 5 0 8     0       
Lafayette, 10 0 21 0 31 0 20 0 22



LA 
Lafayette, 
LA 15 0 34 0 39 0 30 0 37
Lafayette, 
LA 20 0 46 0 43 0 43 0 47
Lafayette, 
LA 25 0 61 0 50 0 51 0 56
Lafayette, 
LA 30 0 61 0 64 0 60 0 64
Lafayette, 
LA 35 0 73 1 77 0 60 0 73
Lafayette, 
LA 40 2 80 2 78 0 70 0 73
Lafayette, 
LA 45 3 84 2 78 0 72 0 74
Lafayette, 
LA 50 5 88 4 78 0 74 1 79
Lafayette, 
LA 55 8 88 9 91 5 89 5 93
Lafayette, 
LA 60 10 88 9 91 8 89 6 93
Lafayette, 
LA 100 13 88 10 91 10 89 6 93
Lake 
Charles, LA 5         0 8     
Lake 
Charles, LA 10 0 22 0 21 0 16 0 20
Lake 
Charles, LA 15 0 38 0 38 0 34 0 39
Lake 
Charles, LA 20 0 52 0 43 0 48 0 46
Lake 
Charles, LA 25 0 59 0 49 0 57 0 58
Lake 
Charles, LA 30 1 76 0 67 0 74 0 62
Lake 
Charles, LA 35 1 76 3 84 0 74 0 72
Lake 
Charles, LA 40 4 80 5 84 3 80 1 77



Lake 
Charles, LA 45 7 85 6 84 12 86 6 96
Lake 
Charles, LA 50 8 85 8 87 14 90 8 96
Lake 
Charles, LA 55 11 100 9 87 17 91 9 96
Lake 
Charles, LA 60 13 100 9 87 17 91 9 96
Lake 
Charles, LA 100 14 100 9 87 17 91 9 96
Las Vegas, 
NV 5                 
Las Vegas, 
NV 10 0 40 0 38 0 38 0 40
Las Vegas, 
NV 15 0 45 0 47 0 41 0 49
Las Vegas, 
NV 20 0 54 0 51 0 47 0 53
Las Vegas, 
NV 25 0 61 0 52 0 52 0 60
Las Vegas, 
NV 30 0 65 0 59 0 62 0 63
Las Vegas, 
NV 35 0 65 0 74 0 66 0 64
Las Vegas, 
NV 40 0 71 0 74 0 74 0 75
Las Vegas, 
NV 45 6 85 5 80 7 105 6 90
Las Vegas, 
NV 50 22 90 12 88 21 105 17 90
Las Vegas, 
NV 55 35 93 19 88 29 105 27 94
Las Vegas, 
NV 60 38 93 19 88 31 105 33 98
Las Vegas, 
NV 100 39 94 21 88 34 105 33 98
Lexington, 
KY 5 0 13 0 42 0 35 0 43
Lexington, 10 0 13 0 42 0 35 0 43



KY 
Lexington, 
KY 15 0 29 0 42 0 35 0 43
Lexington, 
KY 20 0 42 0 45 0 43 0 43
Lexington, 
KY 25 0 52 0 59 0 60 0 54
Lexington, 
KY 30 0 60 0 73 0 67 0 59
Lexington, 
KY 35 0 73 0 73 0 71 0 72
Lexington, 
KY 40 0 73 0 73 2 79 1 78
Lexington, 
KY 45 1 82 0 73 3 80 2 78
Lexington, 
KY 50 2 90 0 73 8 80 2 78
Lexington, 
KY 55 2 90 0 73 9 82 2 78
Lexington, 
KY 60 2 90 0 73 9 82 2 78
Lexington, 
KY 100 2 90 0 73 10 82 2 78
Lincoln, NE 5 0 22 0 8 0 32 0 12
Lincoln, NE 10 0 22 0 16 0 32 0 23
Lincoln, NE 15 0 25 0 22 0 32 0 31
Lincoln, NE 20 0 35 0 38 0 37 0 36
Lincoln, NE 25 0 47 0 41 0 41 0 39
Lincoln, NE 30 0 53 0 50 0 48 0 48
Lincoln, NE 35 0 55 0 50 0 52 0 51
Lincoln, NE 40 0 55 0 56 0 55 0 56
Lincoln, NE 45 0 68 0 58 0 55 0 56
Lincoln, NE 50 0 68 0 58 0 65 0 66
Lincoln, NE 55 0 68 0 58 0 65 0 66
Lincoln, NE 60 0 68 0 58 0 65 0 66
Lincoln, NE 100 0 68 0 58 0 65 0 66
Little Rock, 
AR 5 0 14 0 13 0 11     



Little Rock, 
AR 10 0 26 0 29 0 22 0 19
Little Rock, 
AR 15 0 34 0 34 0 34 0 36
Little Rock, 
AR 20 0 44 0 44 0 46 0 42
Little Rock, 
AR 25 0 53 0 49 0 48 0 49
Little Rock, 
AR 30 0 64 0 56 0 58 0 56
Little Rock, 
AR 35 0 73 0 68 0 63 0 61
Little Rock, 
AR 40 0 75 0 75 0 74 0 66
Little Rock, 
AR 45 3 86 1 86 5 90 2 79
Little Rock, 
AR 50 4 86 1 86 13 93 4 82
Little Rock, 
AR 55 4 86 1 86 17 93 11 92
Little Rock, 
AR 60 4 86 1 86 17 93 11 92
Little Rock, 
AR 100 4 86 1 86 17 93 11 92
Los 
Angeles, 
CA 5 0 22     0 33     
Los 
Angeles, 
CA 10 0 53 0 40 0 40 0 43
Los 
Angeles, 
CA 15 0 53 0 56 0 54 0 56
Los 
Angeles, 
CA 20 3 98 0 61 0 66 1 83
Los 
Angeles, 
CA 25 10 98 0 75 1 96 3 93



Los 
Angeles, 
CA 30 24 106 8 98 20 109 15 98
Los 
Angeles, 
CA 35 53 133 32 98 48 127 40 112
Los 
Angeles, 
CA 40 76 140 67 113 67 141 63 112
Los 
Angeles, 
CA 45 101 152 87 113 85 141 82 128
Los 
Angeles, 
CA 50 111 152 100 113 88 141 87 128
Los 
Angeles, 
CA 55 114 152 102 133 88 141 87 128
Los 
Angeles, 
CA 60 114 152 102 133 88 141 87 128
Los 
Angeles, 
CA 100 114 152 102 133 88 141 87 128
Louisville, 
KY 5 0 9 0 58 0 35 0 37
Louisville, 
KY 10 0 22 0 58 0 35 0 37
Louisville, 
KY 15 0 51 0 58 0 41 0 44
Louisville, 
KY 20 0 56 0 58 0 47 0 44
Louisville, 
KY 25 0 63 0 68 0 61 0 61
Louisville, 
KY 30 1 82 0 73 0 72 0 73
Louisville, 
KY 35 3 92 3 102 6 94 5 86
Louisville, 
KY 40 15 97 6 102 21 94 9 92



Louisville, 
KY 45 16 97 7 102 30 94 15 101
Louisville, 
KY 50 16 97 8 102 37 98 16 101
Louisville, 
KY 55 17 97 9 102 37 98 16 101
Louisville, 
KY 60 17 97 9 102 38 98 16 101
Louisville, 
KY 100 17 97 9 102 38 98 16 101
Madison, 
WI 5 0 43 0 19 0 32 0 11
Madison, 
WI 10 0 43 0 19 0 32 0 22
Madison, 
WI 15 0 43 0 29 0 32 0 29
Madison, 
WI 20 0 43 0 48 0 35 0 35
Madison, 
WI 25 0 45 0 48 0 44 0 44
Madison, 
WI 30 0 46 0 51 0 48 0 47
Madison, 
WI 35 0 60 0 67 0 62 0 55
Madison, 
WI 40 0 70 0 67 0 62 0 65
Madison, 
WI 45 0 73 0 71 0 70 0 65
Madison, 
WI 50 1 77 0 75 1 76 0 69
Madison, 
WI 55 4 87 0 75 2 77 0 70
Madison, 
WI 60 5 87 0 75 4 84 0 72
Madison, 
WI 100 7 87 0 75 7 85 0 72
Memphis, 
TN 5 0 18     0 7     
Memphis, 10 0 23 0 29 0 23 0 25



TN 
Memphis, 
TN 15 0 33 0 36 0 35 0 32
Memphis, 
TN 20 0 47 0 45 0 48 0 48
Memphis, 
TN 25 0 59 0 67 0 61 0 49
Memphis, 
TN 30 0 71 0 67 0 63 0 61
Memphis, 
TN 35 4 81 0 67 6 88 0 69
Memphis, 
TN 40 10 90 3 81 21 89 1 80
Memphis, 
TN 45 19 92 8 93 32 103 8 83
Memphis, 
TN 50 22 92 12 93 40 103 22 96
Memphis, 
TN 55 29 108 13 93 42 107 30 97
Memphis, 
TN 60 29 108 13 93 42 107 31 97
Memphis, 
TN 100 29 108 13 93 42 107 32 105
Miami, FL 10 0 23 0 21 0 27 0 32
Miami, FL 15 0 43 0 36 0 47 0 34
Miami, FL 20 0 48 0 47 0 51 0 50
Miami, FL 25 0 57 0 52 0 69 0 61
Miami, FL 30 0 68 0 64 0 69 0 74
Miami, FL 35 0 71 0 69 0 74 0 74
Miami, FL 40 0 71 0 69 1 82 0 74
Miami, FL 45 0 71 0 73 1 82 2 93
Miami, FL 50 1 91 0 73 1 82 6 93
Miami, FL 55 2 91 1 88 1 82 7 100
Miami, FL 60 3 91 1 88 1 82 7 100
Miami, FL 100 3 91 1 88 1 82 7 100
Milwaukee, 
WI 5 0 48 0 18 0 22 0 22
Milwaukee, 10 0 48 0 27 0 33 0 30



WI 
Milwaukee, 
WI 15 0 48 0 42 0 47 0 30
Milwaukee, 
WI 20 0 55 0 49 0 47 0 42
Milwaukee, 
WI 25 0 57 0 53 0 48 0 48
Milwaukee, 
WI 30 0 65 0 57 0 57 0 55
Milwaukee, 
WI 35 0 72 0 66 0 63 0 66
Milwaukee, 
WI 40 2 84 0 75 0 68 0 71
Milwaukee, 
WI 45 4 84 1 78 2 79 1 78
Milwaukee, 
WI 50 8 94 1 78 4 86 1 78
Milwaukee, 
WI 55 14 103 3 100 12 94 1 78
Milwaukee, 
WI 60 18 112 3 100 20 110 3 93
Milwaukee, 
WI 100 18 112 3 100 23 110 3 93
Mobile, AL 5 0 8 0 48 0 14 0 2
Mobile, AL 10 0 10 0 48 0 22 0 18
Mobile, AL 15 0 40 0 48 0 32 0 33
Mobile, AL 20 0 43 0 54 0 45 0 42
Mobile, AL 25 0 63 0 58 0 56 0 58
Mobile, AL 30 0 63 0 67 0 66 0 62
Mobile, AL 35 0 75 0 74 0 74 0 73
Mobile, AL 40 3 78 3 80 0 74 2 79
Mobile, AL 45 6 82 6 89 0 75 10 89
Mobile, AL 50 8 85 6 89 2 87 14 91
Mobile, AL 55 9 91 6 89 2 87 14 91
Mobile, AL 60 9 91 6 89 2 87 16 91
Mobile, AL 100 11 98 6 89 2 87 16 91
Modesto, 
CA 5 0 15 0 11 0 16 0 19



Modesto, 
CA 10 0 33 0 31 0 27 0 28
Modesto, 
CA 15 0 42 0 40 0 39 0 36
Modesto, 
CA 20 0 51 0 51 0 45 0 50
Modesto, 
CA 25 0 66 0 61 0 52 0 57
Modesto, 
CA 30 1 77 0 66 0 71 0 63
Modesto, 
CA 35 1 77 0 74 1 78 0 67
Modesto, 
CA 40 3 91 1 77 1 78 1 79
Modesto, 
CA 45 18 94 8 88 8 85 4 89
Modesto, 
CA 50 32 97 11 88 15 94 11 89
Modesto, 
CA 55 40 100 13 89 17 94 21 93
Modesto, 
CA 60 40 100 13 89 17 94 24 97
Modesto, 
CA 100 40 100 13 89 17 94 25 97
Muskegon, 
MI 5 0 38 0 21 0 21 0 21
Muskegon, 
MI 10 0 38 0 21 0 21 0 21
Muskegon, 
MI 15 0 38 0 38 0 34 0 31
Muskegon, 
MI 20 0 39 0 46 0 41 0 45
Muskegon, 
MI 25 0 53 0 65 0 54 0 49
Muskegon, 
MI 30 0 62 0 66 0 55 0 56
Muskegon, 
MI 35 0 73 0 74 0 73 0 68
Muskegon, 40 0 75 0 74 2 77 0 68



MI 
Muskegon, 
MI 45 2 80 0 74 4 77 0 68
Muskegon, 
MI 50 4 84 1 79 6 92 1 84
Muskegon, 
MI 55 5 84 1 79 10 92 4 90
Muskegon, 
MI 60 6 97 1 79 15 92 8 99
Muskegon, 
MI 100 10 108 1 79 20 113 12 102
Nashville, 
TN 5 0 10 0 48 0 39 0 42
Nashville, 
TN 10 0 30 0 48 0 39 0 42
Nashville, 
TN 15 0 41 0 48 0 42 0 42
Nashville, 
TN 20 0 61 0 48 0 50 0 54
Nashville, 
TN 25 0 73 0 56 0 62 0 59
Nashville, 
TN 30 0 73 0 72 0 72 0 68
Nashville, 
TN 35 5 80 0 72 3 80 1 78
Nashville, 
TN 40 14 86 7 88 12 83 6 80
Nashville, 
TN 45 19 86 7 88 16 87 12 91
Nashville, 
TN 50 21 95 7 88 23 97 16 98
Nashville, 
TN 55 22 95 7 88 23 97 17 98
Nashville, 
TN 60 22 95 7 88 23 97 17 98
Nashville, 
TN 100 23 95 7 88 23 97 17 98
New 
Orleans, LA 5         0 11     



New 
Orleans, LA 10 0 24 0 34 0 33 0 31
New 
Orleans, LA 15 0 42 0 42 0 35 0 38
New 
Orleans, LA 20 0 44 0 50 0 51 0 54
New 
Orleans, LA 25 0 64 0 60 0 63 0 58
New 
Orleans, LA 30 1 81 0 69 0 71 0 64
New 
Orleans, LA 35 2 81 1 80 0 71 0 72
New 
Orleans, LA 40 4 87 3 80 4 81 0 75
New 
Orleans, LA 45 8 103 7 83 8 84 4 83
New 
Orleans, LA 50 9 103 10 85 13 89 6 83
New 
Orleans, LA 55 14 103 12 94 13 89 8 83
New 
Orleans, LA 60 16 103 12 94 13 89 11 91
New 
Orleans, LA 100 16 103 12 94 13 89 13 95
New York 
City, NY 5 0 34 0 35 0 40 0 33
New York 
City, NY 10 0 42 0 36 0 40 0 45
New York 
City, NY 15 0 54 0 47 0 52 0 45
New York 
City, NY 20 0 59 0 64 0 54 0 51
New York 
City, NY 25 0 72 0 71 1 78 0 61
New York 
City, NY 30 0 74 2 84 3 94 2 78
New York 
City, NY 35 4 82 8 87 7 94 5 103
New York 40 9 96 20 93 13 95 11 103



City, NY 
New York 
City, NY 45 18 111 27 99 23 104 21 103
New York 
City, NY 50 22 111 27 99 32 121 29 103
New York 
City, NY 55 26 111 30 106 37 121 32 103
New York 
City, NY 60 28 112 30 106 37 121 34 130
New York 
City, NY 100 30 130 30 106 37 121 35 130
Oakland, 
CA 5 0 22 0 21 0 24 0 21
Oakland, 
CA 10 0 33 0 32 0 43 0 31
Oakland, 
CA 15 0 49 0 58 0 47 0 43
Oakland, 
CA 20 0 58 0 67 0 65 0 68
Oakland, 
CA 25 0 75 0 72 1 77 1 77
Oakland, 
CA 30 5 89 3 83 2 80 4 80
Oakland, 
CA 35 6 89 4 83 3 90 13 99
Oakland, 
CA 40 9 94 5 83 3 90 16 101
Oakland, 
CA 45 9 94 5 83 3 90 16 101
Oakland, 
CA 50 9 94 5 83 3 90 16 101
Oakland, 
CA 55 9 94 5 83 3 90 16 101
Oakland, 
CA 60 9 94 5 83 3 90 16 101
Oakland, 
CA 100 9 94 5 83 3 90 16 101
Oklahoma 
City, OK 5     0 15 0 9     



Oklahoma 
City, OK 10 0 29 0 21 0 33 0 21
Oklahoma 
City, OK 15 0 34 0 35 0 37 0 39
Oklahoma 
City, OK 20 0 40 0 45 0 45 0 47
Oklahoma 
City, OK 25 0 48 0 48 0 54 0 49
Oklahoma 
City, OK 30 0 58 0 62 0 70 0 54
Oklahoma 
City, OK 35 0 71 0 65 0 70 0 66
Oklahoma 
City, OK 40 0 71 0 69 1 81 0 70
Oklahoma 
City, OK 45 1 78 1 79 3 81 2 83
Oklahoma 
City, OK 50 10 82 4 82 10 94 10 88
Oklahoma 
City, OK 55 15 93 6 82 12 94 18 95
Oklahoma 
City, OK 60 16 93 6 82 13 94 28 95
Oklahoma 
City, OK 100 16 93 6 82 15 94 34 95
Omaha, NE 5 0 23 0 20 0 30 0 25
Omaha, NE 10 0 23 0 20 0 30 0 25
Omaha, NE 15 0 36 0 27 0 32 0 32
Omaha, NE 20 0 49 0 42 0 41 0 40
Omaha, NE 25 0 56 0 49 0 55 0 53
Omaha, NE 30 0 62 0 56 0 58 0 59
Omaha, NE 35 0 68 0 60 0 67 0 64
Omaha, NE 40 0 73 0 66 1 78 0 69
Omaha, NE 45 0 75 0 72 1 78 0 75
Omaha, NE 50 2 76 0 73 2 80 0 75
Omaha, NE 55 3 78 0 73 3 83 1 76
Omaha, NE 60 4 78 1 79 5 83 2 77
Omaha, NE 100 4 78 1 79 6 83 2 77
Orlando, FL 5 0 12 0 3         



Orlando, FL 10 0 24 0 22 0 31     
Orlando, FL 15 0 45 0 35 0 42 0 38
Orlando, FL 20 0 50 0 48 0 63 0 49
Orlando, FL 25 0 61 0 58 0 63 0 61
Orlando, FL 30 0 66 0 68 0 69 0 68
Orlando, FL 35 1 76 0 70 0 74 0 72
Orlando, FL 40 1 76 1 78 1 76 0 74
Orlando, FL 45 4 86 4 84 3 98 2 84
Orlando, FL 50 5 86 6 89 6 98 4 84
Orlando, FL 55 6 86 6 89 10 98 8 88
Orlando, FL 60 7 86 6 89 10 98 8 88
Orlando, FL 100 8 86 6 89 10 98 8 88
Philadelphia
, PA 5 0 28 0 23 0 27 0 38
Philadelphia
, PA 10 0 38 0 40 0 42 0 42
Philadelphia
, PA 15 0 48 0 43 0 44 0 42
Philadelphia
, PA 20 0 63 0 51 0 56 0 53
Philadelphia
, PA 25 0 65 0 65 0 56 0 58
Philadelphia
, PA 30 1 77 0 66 0 65 0 62
Philadelphia
, PA 35 2 77 2 82 3 81 0 72
Philadelphia
, PA 40 6 81 5 84 7 90 6 86
Philadelphia
, PA 45 16 90 13 90 15 92 8 93
Philadelphia
, PA 50 25 97 19 91 33 111 15 93
Philadelphia
, PA 55 27 97 24 103 38 111 27 115
Philadelphia
, PA 60 30 97 24 103 38 111 29 115
Philadelphia
, PA 100 32 130 24 103 38 111 29 115



Phoenix, AZ 5                 
Phoenix, AZ 10     0 39 0 43 0 29
Phoenix, AZ 15 0 44 0 44 0 43 0 45
Phoenix, AZ 20 0 53 0 50 0 45 0 54
Phoenix, AZ 25 0 53 0 61 0 58 0 60
Phoenix, AZ 30 0 68 0 65 0 67 0 73
Phoenix, AZ 35 0 75 0 69 0 75 1 82
Phoenix, AZ 40 5 83 4 81 10 87 7 87
Phoenix, AZ 45 19 87 13 81 31 88 22 87
Phoenix, AZ 50 42 92 17 83 41 88 35 89
Phoenix, AZ 55 48 92 22 87 43 93 46 96
Phoenix, AZ 60 49 103 22 87 45 96 46 96
Phoenix, AZ 100 49 103 22 87 45 96 46 96
Pittsburgh, 
PA 5 0 18 0 22 0 21 0 26
Pittsburgh, 
PA 10 0 28 0 30 0 32 0 35
Pittsburgh, 
PA 15 0 48 0 45 0 43 0 43
Pittsburgh, 
PA 20 0 56 0 52 0 49 0 53
Pittsburgh, 
PA 25 0 63 0 71 0 66 0 60
Pittsburgh, 
PA 30 0 74 3 84 0 75 0 68
Pittsburgh, 
PA 35 3 86 5 84 3 86 1 78
Pittsburgh, 
PA 40 7 86 13 85 12 86 8 82
Pittsburgh, 
PA 45 13 92 15 85 21 98 17 93
Pittsburgh, 
PA 50 16 92 17 89 29 109 20 101
Pittsburgh, 
PA 55 18 106 17 89 30 109 20 101
Pittsburgh, 
PA 60 19 113 17 89 30 109 20 101
Pittsburgh, 100 20 122 17 89 30 109 20 101



PA 
Portland, 
OR 5 0 21 0 42 0 14 0 31
Portland, 
OR 10 0 22 0 42 0 14 0 31
Portland, 
OR 15 0 39 0 42 0 49 0 38
Portland, 
OR 20 0 50 0 60 0 49 0 51
Portland, 
OR 25 0 52 0 60 0 62 0 56
Portland, 
OR 30 0 65 0 70 0 67 0 66
Portland, 
OR 35 0 75 0 73 0 67 0 73
Portland, 
OR 40 2 84 1 84 2 79 0 73
Portland, 
OR 45 2 84 1 84 2 79 0 73
Portland, 
OR 50 2 84 1 84 2 79 1 106
Portland, 
OR 55 2 84 1 84 2 79 1 106
Portland, 
OR 60 2 84 1 84 2 79 1 106
Portland, 
OR 100 2 84 1 84 2 79 1 106
Providence, 
RI 5 0 35 0 39 0 40 0 63
Providence, 
RI 10 0 35 0 39 0 40 0 63
Providence, 
RI 15 0 35 0 39 0 40 0 63
Providence, 
RI 20 0 44 0 39 0 41 0 63
Providence, 
RI 25 0 48 0 48 0 52 0 63
Providence, 
RI 30 0 50 0 55 0 56 0 63



Providence, 
RI 35 0 71 0 62 0 64 0 66
Providence, 
RI 40 0 72 1 80 0 72 0 70
Providence, 
RI 45 2 78 2 80 5 84 3 81
Providence, 
RI 50 6 91 2 80 9 90 5 81
Providence, 
RI 55 10 91 5 86 14 93 8 93
Providence, 
RI 60 15 101 8 97 17 97 11 104
Providence, 
RI 100 18 117 9 110 20 98 13 130
Raleigh, NC 5 0 10 0 25 0 13 0 10
Raleigh, NC 10 0 19 0 28 0 23 0 29
Raleigh, NC 15 0 35 0 37 0 46 0 36
Raleigh, NC 20 0 52 0 47 0 46 0 53
Raleigh, NC 25 0 54 0 52 0 53 0 57
Raleigh, NC 30 0 71 0 68 1 78 0 68
Raleigh, NC 35 0 71 0 75 1 78 1 76
Raleigh, NC 40 1 79 2 78 4 85 1 76
Raleigh, NC 45 4 82 6 85 10 88 7 91
Raleigh, NC 50 9 100 11 85 16 90 9 91
Raleigh, NC 55 11 100 11 85 22 98 9 91
Raleigh, NC 60 12 100 12 85 25 98 9 91
Raleigh, NC 100 15 115 12 85 26 98 9 91
Riverside, 
CA 10                 
Riverside, 
CA 15 0 52 0 47 0 48 0 45
Riverside, 
CA 20 0 63 0 52 0 53 0 53
Riverside, 
CA 25 0 63 0 63 0 64 0 59
Riverside, 
CA 30 0 68 0 71 0 74 0 72
Riverside, 35 7 86 2 81 2 78 1 80



CA 
Riverside, 
CA 40 20 88 14 93 15 92 9 91
Riverside, 
CA 45 54 133 54 114 44 108 42 102
Riverside, 
CA 50 75 133 88 121 76 124 82 112
Riverside, 
CA 55 102 133 109 121 100 142 99 112
Riverside, 
CA 60 118 137 125 125 114 142 113 116
Riverside, 
CA 100 131 153 131 145 120 145 122 142
Rochester, 
NY 5 0 15 0 12 0 15 0 11
Rochester, 
NY 10 0 28 0 26 0 27 0 23
Rochester, 
NY 15 0 33 0 38 0 35 0 33
Rochester, 
NY 20 0 47 0 43 0 50 0 43
Rochester, 
NY 25 0 52 0 49 0 53 0 55
Rochester, 
NY 30 0 61 0 61 0 60 0 59
Rochester, 
NY 35 0 61 0 63 0 72 0 64
Rochester, 
NY 40 0 66 0 64 0 72 0 64
Rochester, 
NY 45 0 75 0 73 2 80 2 81
Rochester, 
NY 50 0 75 0 73 5 83 3 83
Rochester, 
NY 55 1 80 0 73 5 83 3 83
Rochester, 
NY 60 2 84 0 73 5 83 4 83
Rochester, 
NY 100 6 101 0 73 7 84 4 83



Sacramento
, CA 5     0 34 0 34     
Sacramento
, CA 10 0 41 0 36 0 38 0 37
Sacramento
, CA 15 0 58 0 55 0 44 0 42
Sacramento
, CA 20 0 58 0 57 0 52 0 44
Sacramento
, CA 25 0 62 0 65 0 55 0 65
Sacramento
, CA 30 0 68 1 80 0 70 0 68
Sacramento
, CA 35 5 89 1 80 0 74 1 80
Sacramento
, CA 40 19 93 22 92 10 89 8 84
Sacramento
, CA 45 47 93 46 95 38 108 28 94
Sacramento
, CA 50 71 118 61 102 50 109 59 106
Sacramento
, CA 55 79 122 61 102 53 117 73 115
Sacramento
, CA 60 79 122 61 102 53 117 74 115
Sacramento
, CA 100 79 122 61 102 53 117 74 115
Salt Lake 
City, UT 5 0 43 0 34 0 27 0 19
Salt Lake 
City, UT 10 0 43 0 34 0 27 0 31
Salt Lake 
City, UT 15 0 43 0 34 0 27 0 40
Salt Lake 
City, UT 20 0 43 0 43 0 33 0 45
Salt Lake 
City, UT 25 0 57 0 51 0 51 0 47
Salt Lake 
City, UT 30 0 66 0 60 0 56 0 58
Salt Lake 35 0 69 0 70 0 65 0 60



City, UT 
Salt Lake 
City, UT 40 2 84 0 75 1 78 0 72
Salt Lake 
City, UT 45 6 90 2 77 4 81 3 83
Salt Lake 
City, UT 50 12 90 2 77 14 95 15 86
Salt Lake 
City, UT 55 13 91 2 77 18 100 20 90
Salt Lake 
City, UT 60 13 91 2 77 19 100 20 90
Salt Lake 
City, UT 100 14 91 3 77 19 100 20 90
San 
Antonio, TX 5 0 8         0 12
San 
Antonio, TX 10 0 22 0 20 0 26 0 21
San 
Antonio, TX 15 0 40 0 36 0 30 0 35
San 
Antonio, TX 20 0 48 0 52 0 48 0 46
San 
Antonio, TX 25 0 63 0 58 0 62 0 53
San 
Antonio, TX 30 0 67 0 64 0 66 0 59
San 
Antonio, TX 35 3 83 2 86 1 76 0 71
San 
Antonio, TX 40 6 91 3 86 3 84 2 76
San 
Antonio, TX 45 10 91 7 89 11 91 5 80
San 
Antonio, TX 50 12 91 10 91 12 91 11 93
San 
Antonio, TX 55 20 92 15 95 15 91 17 93
San 
Antonio, TX 60 21 92 15 95 15 91 20 93
San 
Antonio, TX 100 21 92 15 95 15 91 21 93



San Diego, 
CA 5 0 49             
San Diego, 
CA 10 0 49 0 38 0 39 0 43
San Diego, 
CA 15 0 52 0 43 0 45 0 49
San Diego, 
CA 20 0 68 0 53 0 51 0 50
San Diego, 
CA 25 0 74 0 59 0 65 0 72
San Diego, 
CA 30 2 79 0 74 2 78 3 95
San Diego, 
CA 35 14 84 1 77 7 82 12 95
San Diego, 
CA 40 26 103 9 86 18 89 24 100
San Diego, 
CA 45 35 103 14 95 23 89 29 100
San Diego, 
CA 50 36 103 22 95 23 89 37 100
San Diego, 
CA 55 38 103 23 95 24 89 38 100
San Diego, 
CA 60 38 103 23 95 24 89 38 100
San Diego, 
CA 100 38 103 23 95 24 89 38 100
San Jose, 
CA 5                 
San Jose, 
CA 10 0 44 0 43 0 38 0 35
San Jose, 
CA 15 0 48 0 54 0 52 0 41
San Jose, 
CA 20 0 63 0 60 0 60 0 63
San Jose, 
CA 25 0 70 0 69 0 74 0 75
San Jose, 
CA 30 1 80 1 83 2 85 0 75
San Jose, 35 5 82 2 83 3 85 4 85



CA 
San Jose, 
CA 40 8 85 5 83 3 85 6 94
San Jose, 
CA 45 12 101 8 84 4 87 13 94
San Jose, 
CA 50 13 101 8 84 4 87 14 105
San Jose, 
CA 55 14 101 8 84 4 87 14 105
San Jose, 
CA 60 14 101 8 84 4 87 14 105
San Jose, 
CA 100 14 101 8 84 4 87 14 105
Seattle, WA 5             0 10
Seattle, WA 10     0 31 0 28 0 26
Seattle, WA 15 0 42 0 38 0 51 0 37
Seattle, WA 20 0 49 0 48 0 51 0 49
Seattle, WA 25 0 61 0 55 0 55 0 53
Seattle, WA 30 0 65 0 71 0 57 0 57
Seattle, WA 35 0 67 0 71 0 63 0 71
Seattle, WA 40 4 83 1 76 1 77 3 84
Seattle, WA 45 8 85 4 87 1 77 4 84
Seattle, WA 50 11 97 4 87 1 77 8 111
Seattle, WA 55 11 97 4 87 1 77 8 111
Seattle, WA 60 11 97 4 87 1 77 8 111
Seattle, WA 100 11 97 4 87 1 77 8 111
Shreveport, 
LA 5 0 8         0 6
Shreveport, 
LA 10 0 19 0 21 0 15 0 12
Shreveport, 
LA 15 0 32 0 39 0 42 0 43
Shreveport, 
LA 20 0 50 0 43 0 47 0 44
Shreveport, 
LA 25 0 58 0 50 0 53 0 53
Shreveport, 
LA 30 0 73 0 59 0 61 0 64



Shreveport, 
LA 35 0 75 0 66 1 77 0 69
Shreveport, 
LA 40 3 85 0 74 3 77 1 79
Shreveport, 
LA 45 4 85 2 83 7 83 2 84
Shreveport, 
LA 50 6 85 2 83 14 87 14 89
Shreveport, 
LA 55 7 85 2 83 18 90 18 89
Shreveport, 
LA 60 9 86 2 83 18 90 19 89
Shreveport, 
LA 100 10 92 2 83 18 90 19 89
Spokane, 
WA 5 0 21 0 38 0 18 0 14
Spokane, 
WA 10 0 21 0 38 0 18 0 14
Spokane, 
WA 15 0 21 0 38 0 18 0 14
Spokane, 
WA 20 0 21 0 38 0 32 0 28
Spokane, 
WA 25 0 42 0 44 0 41 0 40
Spokane, 
WA 30 0 42 0 52 0 51 0 44
Spokane, 
WA 35 0 53 0 59 0 56 0 55
Spokane, 
WA 40 0 70 0 65 0 63 0 66
Spokane, 
WA 45 0 70 0 71 0 72 0 73
Spokane, 
WA 50 0 74 0 75 0 72 1 77
Spokane, 
WA 55 6 81 0 75 0 72 1 77
Spokane, 
WA 60 6 81 0 75 0 72 1 77
Spokane, 100 6 81 0 75 0 72 1 77



WA 
St Louis, 
MO 5 0 13 0 20 0 16 0 13
St Louis, 
MO 10 0 30 0 25 0 32 0 27
St Louis, 
MO 15 0 37 0 41 0 39 0 31
St Louis, 
MO 20 0 51 0 43 0 44 0 47
St Louis, 
MO 25 0 59 0 57 0 55 0 58
St Louis, 
MO 30 0 64 0 73 0 67 0 72
St Louis, 
MO 35 4 83 6 81 3 87 1 77
St Louis, 
MO 40 12 91 9 82 8 87 5 87
St Louis, 
MO 45 20 93 13 82 23 96 11 98
St Louis, 
MO 50 27 106 14 82 38 104 24 98
St Louis, 
MO 55 28 108 14 82 47 110 27 98
St Louis, 
MO 60 30 116 14 82 50 110 28 98
St Louis, 
MO 100 30 116 14 82 50 110 28 98
Stockton, 
CA 5 0 31 0 20 0 19 0 21
Stockton, 
CA 10 0 32 0 28 0 27 0 26
Stockton, 
CA 15 0 37 0 37 0 34 0 37
Stockton, 
CA 20 0 46 0 49 0 47 0 43
Stockton, 
CA 25 0 54 0 57 0 53 0 52
Stockton, 
CA 30 0 61 0 67 0 65 0 56



Stockton, 
CA 35 0 71 0 73 0 72 0 71
Stockton, 
CA 40 1 82 1 80 0 75 4 83
Stockton, 
CA 45 10 89 5 81 1 86 10 85
Stockton, 
CA 50 15 89 6 81 1 86 14 100
Stockton, 
CA 55 15 89 7 97 1 86 21 103
Stockton, 
CA 60 15 89 7 97 1 86 23 103
Stockton, 
CA 100 15 89 7 97 1 86 23 103
Syracuse, 
NY 5 0 13 0 10 0       
Syracuse, 
NY 10 0 29 0 20 0 24 0 30
Syracuse, 
NY 15 0 31 0 38 0 36 0 38
Syracuse, 
NY 20 0 42 0 44 0 40 0 43
Syracuse, 
NY 25 0 57 0 54 0 47 0 54
Syracuse, 
NY 30 0 62 0 59 0 54 0 57
Syracuse, 
NY 35 0 67 0 72 0 71 0 62
Syracuse, 
NY 40 0 73 1 76 0 75 0 73
Syracuse, 
NY 45 0 73 2 76 1 76 1 82
Syracuse, 
NY 50 0 73 3 76 5 81 2 82
Syracuse, 
NY 55 1 76 3 76 7 87 2 82
Syracuse, 
NY 60 4 95 4 83 8 87 3 82
Syracuse, 100 6 109 4 83 9 92 3 82



NY 

Tampa, FL 5                 
Tampa, FL 10 0 25 0 19 0 24 0 25
Tampa, FL 15 0 47 0 33 0 41 0 43
Tampa, FL 20 0 57 0 57 0 58 0 59
Tampa, FL 25 0 69 0 67 0 65 0 67
Tampa, FL 30 0 71 0 69 0 70 1 78
Tampa, FL 35 2 79 2 81 0 74 2 79
Tampa, FL 40 2 79 3 81 4 89 7 79
Tampa, FL 45 5 93 9 84 10 89 9 79
Tampa, FL 50 9 93 12 84 15 91 11 87
Tampa, FL 55 11 93 12 84 17 91 19 90
Tampa, FL 60 13 93 12 84 18 91 19 90
Tampa, FL 100 15 93 12 84 18 91 20 92
Toledo, OH 5 0 41 0 27 0 16 0 29
Toledo, OH 10 0 41 0 31 0 26 0 29
Toledo, OH 15 0 41 0 32 0 33 0 36
Toledo, OH 20 0 45 0 42 0 42 0 54
Toledo, OH 25 0 58 0 58 0 50 0 55
Toledo, OH 30 0 60 0 58 0 64 0 62
Toledo, OH 35 0 71 1 78 2 77 0 69
Toledo, OH 40 4 81 3 79 3 79 0 70
Toledo, OH 45 7 86 6 90 6 79 1 77
Toledo, OH 50 9 86 9 90 11 90 4 80
Toledo, OH 55 12 96 10 90 16 90 5 81
Toledo, OH 60 13 104 10 90 22 94 6 81
Toledo, OH 100 14 104 10 90 23 108 6 81
Tucson, AZ 10 0 33 0 29         
Tucson, AZ 15 0 40 0 44 0 39 0 44
Tucson, AZ 20 0 45 0 47 0 46 0 45
Tucson, AZ 25 0 55 0 53 0 55 0 53
Tucson, AZ 30 0 65 0 61 0 69 0 56
Tucson, AZ 35 0 73 0 66 0 69 0 64
Tucson, AZ 40 1 76 0 70 0 70 0 71
Tucson, AZ 45 2 76 0 73 3 80 2 76



Tucson, AZ 50 6 80 0 75 5 80 6 83
Tucson, AZ 55 8 87 0 75 8 87 9 83
Tucson, AZ 60 9 87 0 75 8 87 9 83
Tucson, AZ 100 9 87 0 75 8 87 9 83
Tulsa, OK 5     0 14 0 10     
Tulsa, OK 10 0 24 0 26 0 23 0 23
Tulsa, OK 15 0 41 0 36 0 42 0 35
Tulsa, OK 20 0 52 0 46 0 46 0 47
Tulsa, OK 25 0 53 0 55 0 56 0 50
Tulsa, OK 30 0 68 0 70 0 63 0 68
Tulsa, OK 35 3 83 2 76 1 79 1 76
Tulsa, OK 40 7 83 2 76 8 91 3 85
Tulsa, OK 45 13 91 3 81 21 92 5 85
Tulsa, OK 50 19 91 3 81 23 96 15 94
Tulsa, OK 55 22 94 3 81 23 96 20 94
Tulsa, OK 60 22 94 3 81 23 96 25 112
Tulsa, OK 100 22 94 3 81 23 96 26 112
Washington
, DC 5 0 30 0 29 0 25 0 28
Washington
, DC 10 0 40 0 43 0 33 0 36
Washington
, DC 15 0 54 0 50 0 37 0 45
Washington
, DC 20 0 58 0 57 0 55 0 53
Washington
, DC 25 0 65 0 64 0 72 0 56
Washington
, DC 30 0 75 0 68 0 72 0 71
Washington
, DC 35 3 95 2 80 11 100 0 71
Washington
, DC 40 13 95 8 89 23 100 10 94
Washington
, DC 45 18 99 18 99 36 100 19 116
Washington
, DC 50 19 99 18 99 40 100 28 125



Washington
, DC 55 22 106 22 123 42 100 34 125
Washington
, DC 60 22 106 23 123 42 100 35 125
Washington
, DC 100 24 125 23 123 42 100 35 125
Wichita, KS 5     0 17 0 18 0 23
Wichita, KS 10 0 32 0 36 0 31 0 26
Wichita, KS 15 0 36 0 42 0 39 0 37
Wichita, KS 20 0 48 0 52 0 57 0 53
Wichita, KS 25 0 57 0 59 0 57 0 53
Wichita, KS 30 0 66 0 64 0 59 0 64
Wichita, KS 35 0 67 0 64 0 65 0 74
Wichita, KS 40 1 80 0 68 0 71 0 74
Wichita, KS 45 3 84 0 68 1 76 0 75
Wichita, KS 50 5 89 1 76 1 76 1 76
Wichita, KS 55 6 89 1 76 5 84 4 81
Wichita, KS 60 6 89 1 76 6 84 6 85
Wichita, KS 100 6 89 1 76 7 84 7 86
Worcester, 
MA 5 0   0 37 0   0   
Worcester, 
MA 10 0   0 37 0   0   
Worcester, 
MA 15 0 26 0 37 0 21 0 21
Worcester, 
MA 20 0 33 0 37 0 34 0 29
Worcester, 
MA 25 0 39 0 37 0 43 0 35
Worcester, 
MA 30 0 41 0 53 0 43 0 42
Worcester, 
MA 35 0 55 0 53 0 47 0 53
Worcester, 
MA 40 0 57 0 58 0 59 0 66
Worcester, 
MA 45 0 62 0 64 0 66 0 70
Worcester, 50 1 80 0 72 0 72 0 70



MA 
Worcester, 
MA 55 1 80 1 76 0 75 1 77
Worcester, 
MA 60 3 80 1 76 2 87 3 83
Worcester, 
MA 100 9 89 3 82 8 92 5 91
 



Number of exceedances of 75 ppb and highest 8-h concentration for different cutoff concentrations (Continued) 

city 

cutoff 
conc.  
(ppb) 

Number of 
exceedanc
es of 75 
ppb 2007 

Highest 8-
hour conc. 
(ppb) 2007 

Number of 
exceedanc
es of 75 
ppb 2008 

Highest 8-
hour conc. 
(ppb) 2008 

Number of 
exceedanc
es of 75 
ppb 2009 

Highest 8-
hour conc. 
(ppb) 2009 

Number of 
exceedanc
es of 75 
ppb 2010 

Highest 8-
hour conc. 
(ppb) 2010 

Akron, OH 5 0 27 0 29 0 46 0 22
Akron, OH 10 0 27 0 29 0 46 0 26
Akron, OH 15 0 30 0 45 0 46 0 41
Akron, OH 20 0 59 0 50 0 52 0 46
Akron, OH 25 0 59 0 56 0 54 0 59
Akron, OH 30 0 69 0 63 0 69 0 65
Akron, OH 35 3 86 0 71 0 69 0 71
Akron, OH 40 4 86 3 80 0 72 2 78
Akron, OH 45 9 90 6 91 0 72 4 82
Akron, OH 50 17 97 7 91 0 72 4 82
Akron, OH 55 20 97 7 91 0 72 4 82
Akron, OH 60 22 97 7 91 0 72 4 82
Akron, OH 100 22 97 7 91 0 72 4 82
Albuquerqu
e, NM 10 0 36             
Albuquerqu
e, NM 15 0 44 0 39 0 44 0 44
Albuquerqu
e, NM 20 0 53 0 60 0 46 0 51
Albuquerqu
e, NM 25 0 53 0 60 0 51 0 53
Albuquerqu
e, NM 30 0 57 0 60 0 56 0 66
Albuquerqu
e, NM 35 0 67 0 64 0 62 0 67
Albuquerqu
e, NM 40 0 67 0 70 0 65 0 69
Albuquerqu
e, NM 45 0 74 0 71 0 69 0 70
Albuquerqu
e, NM 50 1 79 0 72 0 73 1 78
Albuquerqu 55 2 81 0 72 0 73 1 78



e, NM 
Albuquerqu
e, NM 60 2 81 0 72 0 73 1 78
Albuquerqu
e, NM 100 2 81 0 72 0 73 1 78
Atlanta, GA 5 0 50 0 42 0 20 0 11
Atlanta, GA 10 0 50 0 42 0 27 0 27
Atlanta, GA 15 0 50 0 42 0 43 0 41
Atlanta, GA 20 0 50 0 49 0 46 0 45
Atlanta, GA 25 0 64 0 61 0 60 1 79
Atlanta, GA 30 1 84 0 75 0 72 1 79
Atlanta, GA 35 1 84 4 88 2 81 11 98
Atlanta, GA 40 26 106 11 96 10 94 24 98
Atlanta, GA 45 36 106 21 102 13 94 25 98
Atlanta, GA 50 44 106 27 108 14 94 25 98
Atlanta, GA 55 51 124 28 108 14 94 25 98
Atlanta, GA 60 51 124 28 108 14 94 25 98
Atlanta, GA 100 51 124 28 108 14 94 25 98
Austin, TX 5 0 10 0 10 0 13     
Austin, TX 10 0 19 0 24 0 24     
Austin, TX 15 0 32 0 31 0 24 0 29
Austin, TX 20 0 43 0 42 0 40 0 42
Austin, TX 25 0 57 0 50 0 43 0 45
Austin, TX 30 0 57 0 59 0 54 0 53
Austin, TX 35 0 64 0 65 0 63 0 58
Austin, TX 40 0 70 0 65 0 68 0 66
Austin, TX 45 0 74 0 71 1 80 0 72
Austin, TX 50 2 93 0 75 2 80 1 77
Austin, TX 55 4 93 2 78 5 80 1 77
Austin, TX 60 4 93 2 78 5 80 3 80
Austin, TX 100 4 93 2 78 5 80 3 80
Bakersfield, 
CA 5             0 29
Bakersfield, 
CA 10 0 19 0 43 0 33 0 32
Bakersfield, 15 0 44 0 47 0 42 0 58



CA 
Bakersfield, 
CA 20 0 45 0 47 0 45 0 62
Bakersfield, 
CA 25 0 55 0 58 0 48 0 62
Bakersfield, 
CA 30 0 68 0 67 0 58 0 62
Bakersfield, 
CA 35 0 74 0 74 0 64 1 76
Bakersfield, 
CA 40 2 81 4 81 0 74 2 77
Bakersfield, 
CA 45 19 88 19 88 3 81 3 81
Bakersfield, 
CA 50 53 99 51 108 20 90 22 87
Bakersfield, 
CA 55 79 99 80 108 46 94 46 94
Bakersfield, 
CA 60 88 109 93 113 76 102 62 107
Bakersfield, 
CA 100 91 110 106 121 84 110 69 107
Baltimore, 
MD 5 0 21 0 14 0 14 0 11
Baltimore, 
MD 10 0 28 0 29 0 26 0 26
Baltimore, 
MD 15 0 39 0 34 0 36 0 38
Baltimore, 
MD 20 0 53 0 44 0 47 0 39
Baltimore, 
MD 25 0 65 0 65 0 53 0 51
Baltimore, 
MD 30 0 65 0 67 0 62 0 62
Baltimore, 
MD 35 2 82 1 79 0 71 0 71
Baltimore, 
MD 40 8 87 5 86 4 85 1 76
Baltimore, 
MD 45 27 91 12 100 7 109 16 96



Baltimore, 
MD 50 39 118 17 100 10 109 26 101
Baltimore, 
MD 55 43 118 22 102 10 109 31 101
Baltimore, 
MD 60 45 118 23 102 10 109 32 101
Baltimore, 
MD 100 45 118 23 102 10 109 33 115
Baton 
Rouge, LA 5 0 21 0 12         
Baton 
Rouge, LA 10 0 32 0 25 0 27 0 15
Baton 
Rouge, LA 15 0 43 0 43 0 49 0 67
Baton 
Rouge, LA 20 0 66 0 52 0 59 0 70
Baton 
Rouge, LA 25 0 71 0 70 0 67 0 72
Baton 
Rouge, LA 30 2 80 2 79 0 74 0 72
Baton 
Rouge, LA 35 7 83 4 80 3 84 8 83
Baton 
Rouge, LA 40 20 95 12 83 11 94 13 84
Baton 
Rouge, LA 45 28 107 14 86 12 94 14 84
Baton 
Rouge, LA 50 32 107 15 86 13 94 17 89
Baton 
Rouge, LA 55 32 107 15 86 13 94 17 89
Baton 
Rouge, LA 60 32 107 15 86 13 94 17 89
Baton 
Rouge, LA 100 32 107 15 86 13 94 17 89
Biddeford, 
ME 5 0 37 0 13     0 17
Biddeford, 
ME 10 0 37 0 29 0 33 0 31
Biddeford, 15 0 37 0 36 0 36 0 33



ME 
Biddeford, 
ME 20 0 41 0 48 0 40 0 40
Biddeford, 
ME 25 0 52 0 52 0 49 0 44
Biddeford, 
ME 30 0 65 0 73 0 72 0 56
Biddeford, 
ME 35 0 65 0 73 0 72 0 66
Biddeford, 
ME 40 2 81 0 73 0 72 0 66
Biddeford, 
ME 45 3 82 3 80 0 72 2 80
Biddeford, 
ME 50 3 82 3 80 1 87 3 96
Biddeford, 
ME 55 6 91 3 80 3 87 3 96
Biddeford, 
ME 60 8 91 3 80 3 87 3 96
Biddeford, 
ME 100 10 99 3 80 3 87 3 96
Birmingham
, AL 5 0 9 0 15 0 11 0 12
Birmingham
, AL 10 0 26 0 27 0 28 0 25
Birmingham
, AL 15 0 37 0 36 0 38 0 41
Birmingham
, AL 20 0 53 0 50 0 47 0 50
Birmingham
, AL 25 0 55 0 67 0 62 0 67
Birmingham
, AL 30 0 71 0 69 0 70 0 72
Birmingham
, AL 35 2 94 0 75 2 77 4 86
Birmingham
, AL 40 6 94 6 87 4 85 13 88
Birmingham
, AL 45 12 94 10 92 5 85 15 92



Birmingham
, AL 50 19 97 12 95 5 85 15 92
Birmingham
, AL 55 22 98 12 95 5 85 15 92
Birmingham
, AL 60 26 108 12 95 5 85 15 92
Birmingham
, AL 100 26 108 12 95 5 85 15 92
Boston, MA 5 0 20 0 16         
Boston, MA 10 0 30 0 32 0 31 0 30
Boston, MA 15 0 37 0 37 0 37 0 40
Boston, MA 20 0 45 0 43 0 40 0 40
Boston, MA 25 0 56 0 55 0 63 0 52
Boston, MA 30 0 74 0 59 0 63 0 59
Boston, MA 35 0 74 0 64 0 64 0 63
Boston, MA 40 3 84 0 71 0 70 0 70
Boston, MA 45 7 87 0 74 0 70 0 75
Boston, MA 50 11 87 5 90 1 81 2 81
Boston, MA 55 14 95 8 93 2 83 2 81
Boston, MA 60 17 102 8 93 3 83 3 83
Boston, MA 100 21 103 8 93 4 83 4 83
Buffalo, NY 5 0 8             
Buffalo, NY 10 0 20 0 18 0 16 0 18
Buffalo, NY 15 0 33 0 31 0 30 0 32
Buffalo, NY 20 0 44 0 43 0 39 0 42
Buffalo, NY 25 0 45 0 46 0 45 0 55
Buffalo, NY 30 0 57 0 56 0 54 0 55
Buffalo, NY 35 0 67 0 56 0 60 0 60
Buffalo, NY 40 1 78 0 64 0 67 0 62
Buffalo, NY 45 2 80 0 73 0 68 0 69
Buffalo, NY 50 4 82 1 76 0 68 0 72
Buffalo, NY 55 6 86 2 79 0 68 1 77
Buffalo, NY 60 11 86 3 79 0 72 1 77
Buffalo, NY 100 17 89 4 79 1 79 1 77
Cedar 
Rapids, IA 5 0 33 0 38 0 43 0 32



Cedar 
Rapids, IA 10 0 33 0 38 0 43 0 32
Cedar 
Rapids, IA 15 0 33 0 38 0 43 0 32
Cedar 
Rapids, IA 20 0 37 0 38 0 43 0 40
Cedar 
Rapids, IA 25 0 46 0 42 0 48 0 45
Cedar 
Rapids, IA 30 0 52 0 49 0 54 0 55
Cedar 
Rapids, IA 35 0 60 0 60 0 59 0 62
Cedar 
Rapids, IA 40 0 71 0 65 0 61 0 67
Cedar 
Rapids, IA 45 0 71 0 68 0 62 0 68
Cedar 
Rapids, IA 50 1 76 0 68 0 65 0 68
Cedar 
Rapids, IA 55 4 84 0 68 0 65 0 73
Cedar 
Rapids, IA 60 5 84 0 68 0 65 0 73
Cedar 
Rapids, IA 100 5 84 0 68 0 65 0 73
Charlotte, 
NC 5 0 10 0 13 0 8     
Charlotte, 
NC 10 0 29 0 26 0 28 0 26
Charlotte, 
NC 15 0 35 0 41 0 41 0 31
Charlotte, 
NC 20 0 44 0 48 0 48 0 48
Charlotte, 
NC 25 0 62 0 56 0 50 0 53
Charlotte, 
NC 30 0 71 0 66 0 69 0 72
Charlotte, 
NC 35 1 82 0 66 0 73 2 77
Charlotte, 40 8 94 3 95 2 80 7 78



NC 
Charlotte, 
NC 45 22 94 9 95 3 80 12 91
Charlotte, 
NC 50 26 94 20 101 3 80 12 91
Charlotte, 
NC 55 34 98 24 101 3 80 14 96
Charlotte, 
NC 60 35 127 24 101 3 80 14 96
Charlotte, 
NC 100 36 127 24 101 3 80 14 96
Chicago, IL 5 0 20 0 24 0 12     
Chicago, IL 10 0 29 0 28 0 31 0 33
Chicago, IL 15 0 40 0 35 0 46 0 40
Chicago, IL 20 0 52 0 52 0 50 0 46
Chicago, IL 25 0 63 0 57 0 65 0 58
Chicago, IL 30 0 68 0 72 0 65 0 61
Chicago, IL 35 1 78 2 82 0 70 1 81
Chicago, IL 40 6 101 2 82 4 107 4 82
Chicago, IL 45 12 108 2 82 6 107 10 82
Chicago, IL 50 18 108 2 82 6 107 13 89
Chicago, IL 55 21 108 2 82 6 107 14 89
Chicago, IL 60 22 108 2 82 6 107 14 89
Chicago, IL 100 22 108 2 82 6 107 14 89
Cincinnati, 
OH 5 0 18 0 13 0 19 0 27
Cincinnati, 
OH 10 0 26 0 28 0 28 0 27
Cincinnati, 
OH 15 0 46 0 41 0 40 0 31
Cincinnati, 
OH 20 0 50 0 53 0 46 0 41
Cincinnati, 
OH 25 0 55 0 60 0 57 0 55
Cincinnati, 
OH 30 0 62 0 67 0 68 0 66
Cincinnati, 
OH 35 2 80 1 78 1 76 2 79



Cincinnati, 
OH 40 8 84 7 93 2 79 13 94
Cincinnati, 
OH 45 30 93 11 93 7 80 18 94
Cincinnati, 
OH 50 45 104 16 93 8 80 19 94
Cincinnati, 
OH 55 49 104 16 93 8 80 19 94
Cincinnati, 
OH 60 49 104 16 93 8 80 19 94
Cincinnati, 
OH 100 49 104 16 93 8 80 19 94
Cleveland, 
OH 5 0 28 0 34 0 47 0 10
Cleveland, 
OH 10 0 28 0 34 0 47 0 24
Cleveland, 
OH 15 0 32 0 34 0 47 0 34
Cleveland, 
OH 20 0 42 0 43 0 47 0 39
Cleveland, 
OH 25 0 54 0 54 0 49 0 48
Cleveland, 
OH 30 0 71 0 57 0 56 0 62
Cleveland, 
OH 35 0 71 0 71 0 71 0 67
Cleveland, 
OH 40 0 75 0 71 0 72 1 80
Cleveland, 
OH 45 5 86 2 81 0 72 3 81
Cleveland, 
OH 50 9 87 7 88 2 88 10 90
Cleveland, 
OH 55 11 103 10 90 3 88 14 90
Cleveland, 
OH 60 12 103 11 90 3 88 14 90
Cleveland, 
OH 100 12 103 11 90 3 88 14 90



Colorado 
Springs, CO 5         0 7     

Colorado 
Springs, CO 10 0 16 0 33 0 16     

Colorado 
Springs, CO 15 0 41 0 50 0 39 0 36

Colorado 
Springs, CO 20 0 43 0 50 0 47 0 43

Colorado 
Springs, CO 25 0 49 0 50 0 47 0 44

Colorado 
Springs, CO 30 0 51 0 50 0 52 0 49

Colorado 
Springs, CO 35 0 60 0 56 0 56 0 58

Colorado 
Springs, CO 40 0 64 0 61 0 61 0 61

Colorado 
Springs, CO 45 0 72 0 66 0 71 0 69

Colorado 
Springs, CO 50 0 75 1 77 0 71 1 76

Colorado 
Springs, CO 55 0 75 1 77 0 71 2 86

Colorado 
Springs, CO 60 0 75 1 77 0 71 2 86

Colorado 
Springs, CO 100 1 79 2 80 0 71 2 86
Columbus, 
GA 5 0 53 0 31 0 10 0 27
Columbus, 
GA 10 0 53 0 31 0 17 0 27
Columbus, 
GA 15 0 53 0 33 0 30 0 30
Columbus, 
GA 20 0 53 0 46 0 41 0 37
Columbus, 
GA 25 0 53 0 63 0 58 0 43



Columbus, 
GA 30 0 66 0 63 0 58 0 57
Columbus, 
GA 35 0 66 0 69 0 67 0 67
Columbus, 
GA 40 1 80 0 73 0 74 0 73
Columbus, 
GA 45 5 87 0 73 0 74 1 79
Columbus, 
GA 50 6 87 0 74 0 74 1 79
Columbus, 
GA 55 8 89 1 79 0 74 1 79
Columbus, 
GA 60 8 89 1 79 0 74 1 79
Columbus, 
GA 100 8 89 1 79 0 74 1 79
Columbus, 
OH 5 0 35 0 35 0 41 0 38
Columbus, 
OH 10 0 35 0 35 0 41 0 38
Columbus, 
OH 15 0 38 0 35 0 41 0 38
Columbus, 
OH 20 0 40 0 41 0 41 0 44
Columbus, 
OH 25 0 56 0 48 0 54 0 53
Columbus, 
OH 30 0 68 0 65 0 56 0 60
Columbus, 
OH 35 0 69 0 68 0 69 0 68
Columbus, 
OH 40 4 80 1 83 0 74 2 78
Columbus, 
OH 45 14 94 5 85 0 74 2 78
Columbus, 
OH 50 25 94 8 95 0 74 6 88
Columbus, 
OH 55 27 94 9 95 1 79 6 88
Columbus, 60 29 94 9 95 1 79 6 88



OH 
Columbus, 
OH 100 29 94 9 95 1 79 6 88
Corpus 
Christi, TX 5 0 9 0 5 0 15 0   
Corpus 
Christi, TX 10 0 21 0 18 0 16 0 18
Corpus 
Christi, TX 15 0 36 0 30 0 31 0 30
Corpus 
Christi, TX 20 0 38 0 39 0 38 0 42
Corpus 
Christi, TX 25 0 52 0 47 0 53 0 47
Corpus 
Christi, TX 30 0 52 0 53 0 53 0 52
Corpus 
Christi, TX 35 0 59 0 61 0 57 0 66
Corpus 
Christi, TX 40 0 64 0 67 0 61 0 70
Corpus 
Christi, TX 45 0 70 1 79 0 68 0 73
Corpus 
Christi, TX 50 1 78 3 79 0 73 1 78
Corpus 
Christi, TX 55 1 78 3 79 0 73 1 78
Corpus 
Christi, TX 60 1 78 3 79 0 73 1 78
Corpus 
Christi, TX 100 1 78 3 79 0 73 2 78
Dallas/Ft 
Worth, TX 5 0 21 0 18 0 17     
Dallas/Ft 
Worth, TX 10 0 24 0 32 0 27     
Dallas/Ft 
Worth, TX 15 0 39 0 42 0 39 0 33
Dallas/Ft 
Worth, TX 20 0 49 0 46 0 47 0 43
Dallas/Ft 
Worth, TX 25 0 60 0 58 0 55 0 56



Dallas/Ft 
Worth, TX 30 1 78 0 63 0 65 0 68
Dallas/Ft 
Worth, TX 35 3 78 3 81 0 74 2 81
Dallas/Ft 
Worth, TX 40 11 87 12 84 2 84 9 94
Dallas/Ft 
Worth, TX 45 21 90 21 93 15 85 13 94
Dallas/Ft 
Worth, TX 50 26 106 28 93 30 100 18 94
Dallas/Ft 
Worth, TX 55 27 121 30 98 33 100 18 94
Dallas/Ft 
Worth, TX 60 27 121 30 98 33 100 18 94
Dallas/Ft 
Worth, TX 100 27 121 30 98 33 100 18 94
Dayton, OH 5 0 36 0 36 0 38 0 42
Dayton, OH 10 0 36 0 36 0 38 0 42
Dayton, OH 15 0 37 0 36 0 38 0 42
Dayton, OH 20 0 44 0 44 0 39 0 42
Dayton, OH 25 0 52 0 54 0 59 0 54
Dayton, OH 30 0 73 0 59 0 59 0 59
Dayton, OH 35 0 73 0 71 0 63 2 78
Dayton, OH 40 4 84 1 77 0 71 4 78
Dayton, OH 45 6 84 6 95 1 76 9 82
Dayton, OH 50 8 85 8 95 2 79 12 82
Dayton, OH 55 10 92 8 95 2 79 12 82
Dayton, OH 60 10 92 8 95 2 79 12 82
Dayton, OH 100 10 92 8 95 2 79 12 82
Denver, CO 5     0 29 0 15     
Denver, CO 10 0 36 0 41 0 46 0 42
Denver, CO 15 0 49 0 53 0 46 0 45
Denver, CO 20 0 49 0 53 0 46 0 49
Denver, CO 25 0 54 0 57 0 51 0 54
Denver, CO 30 0 64 0 57 0 56 0 56
Denver, CO 35 0 65 0 66 0 66 0 68
Denver, CO 40 1 76 1 76 0 71 2 80



Denver, CO 45 5 95 3 85 3 79 4 89
Denver, CO 50 15 98 8 85 7 86 8 89
Denver, CO 55 18 98 12 85 8 86 12 89
Denver, CO 60 18 98 13 95 8 86 12 89
Denver, CO 100 18 98 13 95 8 86 12 89
Des 
Moines, IA 5 0 21 0 39 0 43 0 38
Des 
Moines, IA 10 0 21 0 39 0 43 0 38
Des 
Moines, IA 15 0 38 0 39 0 43 0 38
Des 
Moines, IA 20 0 38 0 39 0 43 0 38
Des 
Moines, IA 25 0 44 0 47 0 47 0 46
Des 
Moines, IA 30 0 47 0 51 0 55 0 49
Des 
Moines, IA 35 0 54 0 53 0 55 0 61
Des 
Moines, IA 40 0 67 0 59 0 62 0 62
Des 
Moines, IA 45 0 67 0 62 0 62 0 66
Des 
Moines, IA 50 0 71 0 62 0 66 0 66
Des 
Moines, IA 55 0 74 0 62 0 66 0 66
Des 
Moines, IA 60 1 76 0 62 0 66 0 66
Des 
Moines, IA 100 1 76 0 62 0 66 0 66
Detroit, MI 5 0 11 0 27 0 32 0 12
Detroit, MI 10 0 23 0 27 0 32 0 27
Detroit, MI 15 0 24 0 31 0 32 0 35
Detroit, MI 20 0 42 0 48 0 48 0 42
Detroit, MI 25 0 53 0 61 0 60 0 54
Detroit, MI 30 0 65 0 63 0 73 0 69
Detroit, MI 35 0 67 1 84 1 77 0 73



Detroit, MI 40 1 79 2 84 1 77 0 75
Detroit, MI 45 9 100 4 84 2 95 6 82
Detroit, MI 50 15 100 6 84 3 95 12 89
Detroit, MI 55 18 100 7 84 3 95 12 89
Detroit, MI 60 21 100 7 84 3 95 12 89
Detroit, MI 100 21 100 7 84 3 95 12 89
El Paso, TX 5 0 21 0 18         
El Paso, TX 10 0 32 0 31 0 31 0 34
El Paso, TX 15 0 47 0 45 0 47 0 42
El Paso, TX 20 0 51 0 62 0 50 0 52
El Paso, TX 25 0 55 0 63 0 62 0 62
El Paso, TX 30 0 73 0 72 0 62 0 62
El Paso, TX 35 1 81 0 72 0 65 0 74
El Paso, TX 40 5 81 2 94 0 71 0 75
El Paso, TX 45 10 81 4 94 0 75 2 87
El Paso, TX 50 13 81 7 94 1 78 3 87
El Paso, TX 55 13 81 7 94 1 78 3 87
El Paso, TX 60 13 81 7 94 1 78 3 87
El Paso, TX 100 13 81 7 94 1 78 3 87
Evansville, 
IN 5 0 52 0 16 0 24 0 6
Evansville, 
IN 10 0 52 0 16 0 24 0 6
Evansville, 
IN 15 0 52 0 20 0 35 0 26
Evansville, 
IN 20 0 52 0 40 0 41 0 39
Evansville, 
IN 25 0 52 0 51 0 55 0 52
Evansville, 
IN 30 0 61 0 61 0 62 0 63
Evansville, 
IN 35 0 71 0 68 0 70 1 77
Evansville, 
IN 40 2 79 2 83 0 73 2 77
Evansville, 
IN 45 9 88 3 83 1 76 5 77



Evansville, 
IN 50 22 89 4 83 1 76 5 77
Evansville, 
IN 55 29 91 4 83 1 76 5 77
Evansville, 
IN 60 30 91 4 83 1 76 5 77
Evansville, 
IN 100 30 91 4 83 1 76 5 77
Fresno, CA 5 0 13 0 15 0 18 0 17
Fresno, CA 10 0 33 0 28 0 33 0 30
Fresno, CA 15 0 43 0 42 0 42 0 40
Fresno, CA 20 0 65 0 48 0 44 0 49
Fresno, CA 25 0 65 0 57 0 64 0 60
Fresno, CA 30 0 66 0 70 0 67 0 65
Fresno, CA 35 0 69 0 74 0 69 0 73
Fresno, CA 40 0 75 9 84 0 75 2 86
Fresno, CA 45 8 79 25 94 11 91 7 86
Fresno, CA 50 25 92 38 97 27 99 24 98
Fresno, CA 55 40 101 52 104 46 105 36 105
Fresno, CA 60 40 101 58 132 54 105 45 114
Fresno, CA 100 40 101 67 132 54 105 46 114
Ft. Wayne, 
IN 5 0 27 0 38 0 31 0 39
Ft. Wayne, 
IN 10 0 27 0 38 0 31 0 39
Ft. Wayne, 
IN 15 0 27 0 38 0 31 0 39
Ft. Wayne, 
IN 20 0 39 0 44 0 37 0 51
Ft. Wayne, 
IN 25 0 59 0 59 0 48 0 51
Ft. Wayne, 
IN 30 0 65 0 59 0 58 0 61
Ft. Wayne, 
IN 35 0 65 0 61 0 62 0 63
Ft. Wayne, 
IN 40 0 74 0 67 0 62 0 69
Ft. Wayne, 45 1 79 0 69 0 69 0 69



IN 
Ft. Wayne, 
IN 50 4 82 0 72 0 69 1 76
Ft. Wayne, 
IN 55 6 82 0 74 0 71 1 76
Ft. Wayne, 
IN 60 8 86 0 74 0 71 1 76
Ft. Wayne, 
IN 100 8 86 0 74 0 71 1 76
Grand 
Rapids, MI 5 0 23 0 31 0 36     
Grand 
Rapids, MI 10 0 23 0 31 0 36 0 23
Grand 
Rapids, MI 15 0 23 0 31 0 36 0 30
Grand 
Rapids, MI 20 0 39 0 36 0 36 0 45
Grand 
Rapids, MI 25 0 44 0 50 0 48 0 49
Grand 
Rapids, MI 30 0 55 0 55 0 58 0 54
Grand 
Rapids, MI 35 0 60 0 60 0 62 0 58
Grand 
Rapids, MI 40 0 75 0 64 0 63 0 62
Grand 
Rapids, MI 45 0 75 0 72 0 71 0 72
Grand 
Rapids, MI 50 2 82 0 72 0 74 1 76
Grand 
Rapids, MI 55 5 90 1 83 0 74 1 76
Grand 
Rapids, MI 60 9 90 1 83 0 74 1 76
Grand 
Rapids, MI 100 12 91 1 83 1 82 1 76
Greensboro
, NC 5 0 29 0 9 0 41 0 42
Greensboro
, NC 10 0 29 0 9 0 41 0 42



Greensboro
, NC 15 0 29 0 26 0 41 0 42
Greensboro
, NC 20 0 42 0 35 0 41 0 42
Greensboro
, NC 25 0 45 0 61 0 50 0 42
Greensboro
, NC 30 0 61 0 61 0 54 0 59
Greensboro
, NC 35 0 62 0 62 0 62 0 60
Greensboro
, NC 40 1 76 0 66 0 70 1 76
Greensboro
, NC 45 3 80 1 76 0 73 1 76
Greensboro
, NC 50 10 84 3 76 0 75 2 80
Greensboro
, NC 55 21 103 5 88 0 75 4 87
Greensboro
, NC 60 25 103 9 90 0 75 5 87
Greensboro
, NC 100 26 103 10 90 0 75 7 88
Honolulu, HI 5 0 11 0 9 0 12 0 11
Honolulu, HI 10 0 21 0 21 0 20 0 18
Honolulu, HI 15 0 29 0 31 0 28 0 31
Honolulu, HI 20 0 33 0 40 0 39 0 36
Honolulu, HI 25 0 34 0 41 0 46 0 43
Honolulu, HI 30 0 36 0 50 0 46 0 43
Honolulu, HI 35 0 36 0 50 0 46 0 46
Honolulu, HI 40 0 36 0 50 0 46 0 46
Honolulu, HI 45 0 36 0 50 0 48 0 52
Honolulu, HI 50 0 36 0 50 0 49 0 52
Honolulu, HI 55 0 36 0 50 0 49 0 52
Honolulu, HI 60 0 36 0 50 0 49 0 52
Honolulu, HI 100 0 36 0 50 0 49 0 52
Houston, 
TX 5 0 23 0 13 0 22     
Houston, 10 0 33 0 44 0 33 0 31



TX 
Houston, 
TX 15 0 53 0 48 0 46 0 53
Houston, 
TX 20 2 81 0 66 1 76 0 66
Houston, 
TX 25 3 81 0 73 2 81 0 71
Houston, 
TX 30 5 81 10 106 9 101 5 92
Houston, 
TX 35 15 97 19 106 12 101 11 92
Houston, 
TX 40 29 105 25 106 17 101 21 94
Houston, 
TX 45 37 105 27 106 22 103 29 97
Houston, 
TX 50 41 105 28 106 24 103 31 97
Houston, 
TX 55 41 105 28 106 26 110 31 97
Houston, 
TX 60 41 105 28 106 26 110 31 97
Houston, 
TX 100 41 105 28 106 26 110 31 97
Huntsville, 
AL 5 0   0 17 0 20 0 20
Huntsville, 
AL 10 0 22 0 28 0 20 0 20
Huntsville, 
AL 15 0 35 0 37 0 37 0 20
Huntsville, 
AL 20 0 44 0 51 0 44 0 49
Huntsville, 
AL 25 0 57 0 53 0 49 0 54
Huntsville, 
AL 30 0 71 0 62 0 58 0 68
Huntsville, 
AL 35 0 71 0 68 0 58 0 70
Huntsville, 
AL 40 0 75 0 68 0 63 0 72



Huntsville, 
AL 45 0 75 0 71 0 68 0 72
Huntsville, 
AL 50 3 85 2 84 1 77 1 81
Huntsville, 
AL 55 7 90 2 84 1 77 1 81
Huntsville, 
AL 60 8 90 2 84 1 77 1 81
Huntsville, 
AL 100 11 98 2 84 1 77 1 81
Indianapolis
, IN 5 0 41 0 44 0 39 0 18
Indianapolis
, IN 10 0 41 0 44 0 39 0 26
Indianapolis
, IN 15 0 41 0 44 0 39 0 34
Indianapolis
, IN 20 0 41 0 45 0 42 0 50
Indianapolis
, IN 25 0 50 0 50 0 55 0 52
Indianapolis
, IN 30 0 64 0 63 0 63 0 68
Indianapolis
, IN 35 0 69 1 76 0 66 0 75
Indianapolis
, IN 40 4 81 1 76 2 86 2 83
Indianapolis
, IN 45 16 95 3 87 5 86 3 83
Indianapolis
, IN 50 25 95 5 87 6 86 3 83
Indianapolis
, IN 55 30 95 5 87 6 86 3 83
Indianapolis
, IN 60 33 95 5 87 6 86 3 83
Indianapolis
, IN 100 34 95 5 87 6 86 3 83
Jackson, 
MS 5 0 30 0   0 22 0 32
Jackson, 10 0 30 0 15 0 22 0 32



MS 
Jackson, 
MS 15 0 32 0 31 0 35 0 32
Jackson, 
MS 20 0 47 0 54 0 42 0 48
Jackson, 
MS 25 0 53 0 54 0 56 0 58
Jackson, 
MS 30 0 65 0 58 0 57 0 73
Jackson, 
MS 35 0 70 0 70 0 60 0 73
Jackson, 
MS 40 0 73 0 70 0 61 0 73
Jackson, 
MS 45 0 73 0 70 0 64 0 73
Jackson, 
MS 50 0 75 0 71 1 76 0 73
Jackson, 
MS 55 0 75 0 72 1 76 0 73
Jackson, 
MS 60 0 75 0 72 1 76 0 73
Jackson, 
MS 100 0 75 0 72 1 76 0 73
Jacksonville
, FL 5                 
Jacksonville
, FL 10     0 22 0 23 0 24
Jacksonville
, FL 15 0 40 0 41 0 39 0 53
Jacksonville
, FL 20 0 50 0 46 0 45 0 53
Jacksonville
, FL 25 0 60 0 62 0 52 0 62
Jacksonville
, FL 30 0 62 0 62 0 64 0 65
Jacksonville
, FL 35 2 81 0 72 0 64 0 69
Jacksonville
, FL 40 2 81 0 72 0 75 0 75



Jacksonville
, FL 45 5 81 0 75 1 81 0 75
Jacksonville
, FL 50 6 87 0 75 1 81 1 84
Jacksonville
, FL 55 8 91 0 75 1 81 1 84
Jacksonville
, FL 60 8 91 0 75 1 81 1 84
Jacksonville
, FL 100 8 91 0 75 1 81 1 84
Johnstown, 
PA 5 0 26 0 4 0 38 0 14
Johnstown, 
PA 10 0 26 0 28 0 38 0 22
Johnstown, 
PA 15 0 32 0 35 0 38 0 37
Johnstown, 
PA 20 0 46 0 46 0 41 0 46
Johnstown, 
PA 25 0 54 0 52 0 51 0 51
Johnstown, 
PA 30 0 64 0 59 0 61 0 59
Johnstown, 
PA 35 0 67 0 70 0 61 0 63
Johnstown, 
PA 40 0 72 0 72 0 65 0 73
Johnstown, 
PA 45 1 77 0 72 0 68 0 73
Johnstown, 
PA 50 2 79 0 72 0 68 1 79
Johnstown, 
PA 55 2 79 0 72 0 68 2 85
Johnstown, 
PA 60 2 79 0 72 0 68 2 85
Johnstown, 
PA 100 2 79 0 72 0 68 2 85
Kansas 
City, MO 5     0 9         
Kansas 10 0 32 0 26 0 30 0 26



City, MO 
Kansas 
City, MO 15 0 42 0 47 0 38 0 37
Kansas 
City, MO 20 0 46 0 47 0 43 0 40
Kansas 
City, MO 25 0 48 0 51 0 49 0 55
Kansas 
City, MO 30 0 61 0 67 0 55 0 62
Kansas 
City, MO 35 0 73 0 68 0 72 0 74
Kansas 
City, MO 40 3 83 1 78 2 78 2 76
Kansas 
City, MO 45 9 99 2 79 4 79 4 84
Kansas 
City, MO 50 15 99 3 79 5 87 5 84
Kansas 
City, MO 55 19 99 3 79 6 87 6 84
Kansas 
City, MO 60 20 99 3 79 6 87 6 84
Kansas 
City, MO 100 20 99 3 79 6 87 6 84
Kingston, 
NY 5     0           
Kingston, 
NY 10 0 14 0           
Kingston, 
NY 15 0 33 0 29 0 31     
Kingston, 
NY 20 0 33 0 37 0 33 0 39
Kingston, 
NY 25 0 39 0 42 0 44 0 39
Kingston, 
NY 30 0 47 0 50 0 52 0 52
Kingston, 
NY 35 0 57 0 59 0 52 0 58
Kingston, 
NY 40 0 67 0 62 0 57 0 61



Kingston, 
NY 45 0 67 0 68 0 57 0 70
Kingston, 
NY 50 0 72 0 73 0 62 0 70
Kingston, 
NY 55 1 76 0 73 0 69 0 70
Kingston, 
NY 60 2 82 0 73 0 69 0 75
Kingston, 
NY 100 2 82 1 84 0 73 0 75
Knoxville, 
TN 5                 
Knoxville, 
TN 10     0 23 0 30     
Knoxville, 
TN 15 0 25 0 31 0 45 0 35
Knoxville, 
TN 20 0 51 0 54 0 55 0 46
Knoxville, 
TN 25 0 60 0 55 0 56 0 61
Knoxville, 
TN 30 0 64 0 63 0 65 0 70
Knoxville, 
TN 35 0 70 0 75 0 71 2 79
Knoxville, 
TN 40 8 85 3 86 2 79 6 81
Knoxville, 
TN 45 29 96 8 86 3 84 11 83
Knoxville, 
TN 50 45 96 15 95 3 84 16 84
Knoxville, 
TN 55 50 119 17 95 3 84 16 84
Knoxville, 
TN 60 51 119 17 95 3 84 16 84
Knoxville, 
TN 100 51 119 18 95 3 84 16 84
Lafayette, 
LA 5 0 16 0 8 0 15 0   
Lafayette, 10 0 21 0 20 0 21 0 11



LA 
Lafayette, 
LA 15 0 37 0 35 0 40 0 36
Lafayette, 
LA 20 0 50 0 42 0 45 0 44
Lafayette, 
LA 25 0 53 0 56 0 56 0 50
Lafayette, 
LA 30 0 62 0 63 0 60 0 57
Lafayette, 
LA 35 0 66 0 66 0 66 0 69
Lafayette, 
LA 40 0 70 0 67 0 66 0 69
Lafayette, 
LA 45 0 73 1 76 0 70 1 78
Lafayette, 
LA 50 3 77 2 80 2 84 1 78
Lafayette, 
LA 55 4 77 3 84 2 84 1 78
Lafayette, 
LA 60 4 77 3 84 2 84 2 79
Lafayette, 
LA 100 4 77 3 84 2 84 2 79
Lake 
Charles, LA 5 0 14 0 3 0 19     
Lake 
Charles, LA 10 0 22 0 20 0 22     
Lake 
Charles, LA 15 0 33 0 35 0 38 0 31
Lake 
Charles, LA 20 0 45 0 57 0 50 0 42
Lake 
Charles, LA 25 0 58 0 60 0 62 0 52
Lake 
Charles, LA 30 0 72 0 73 0 62 0 64
Lake 
Charles, LA 35 1 78 0 73 0 67 0 65
Lake 
Charles, LA 40 2 78 1 76 4 96 1 76



Lake 
Charles, LA 45 4 81 2 76 8 96 3 80
Lake 
Charles, LA 50 5 81 2 76 8 96 3 80
Lake 
Charles, LA 55 5 81 2 76 8 96 5 84
Lake 
Charles, LA 60 5 81 2 76 8 96 5 84
Lake 
Charles, LA 100 5 81 2 76 8 96 5 84
Las Vegas, 
NV 5     0 29         
Las Vegas, 
NV 10 0 41 0 39 0 40 0 21
Las Vegas, 
NV 15 0 44 0 44 0 40 0 37
Las Vegas, 
NV 20 0 46 0 47 0 45 0 49
Las Vegas, 
NV 25 0 49 0 53 0 55 0 49
Las Vegas, 
NV 30 0 63 0 58 0 59 0 54
Las Vegas, 
NV 35 0 64 0 65 0 67 0 59
Las Vegas, 
NV 40 0 75 0 71 0 73 0 72
Las Vegas, 
NV 45 5 86 2 80 0 73 2 81
Las Vegas, 
NV 50 11 90 7 83 3 81 3 83
Las Vegas, 
NV 55 18 90 10 83 5 81 7 84
Las Vegas, 
NV 60 21 90 10 83 5 81 9 84
Las Vegas, 
NV 100 23 90 10 83 5 81 9 84
Lexington, 
KY 5 0 36 0 29 0 20 0 21
Lexington, 10 0 36 0 29 0 20 0 21



KY 
Lexington, 
KY 15 0 36 0 33 0 28 0 23
Lexington, 
KY 20 0 44 0 42 0 45 0 42
Lexington, 
KY 25 0 48 0 45 0 46 0 55
Lexington, 
KY 30 0 53 0 54 0 54 0 61
Lexington, 
KY 35 0 60 0 64 0 56 0 61
Lexington, 
KY 40 1 80 0 67 0 66 0 69
Lexington, 
KY 45 6 80 1 78 0 67 0 72
Lexington, 
KY 50 11 88 1 78 0 68 0 75
Lexington, 
KY 55 16 88 1 78 0 68 0 75
Lexington, 
KY 60 17 88 1 78 0 68 0 75
Lexington, 
KY 100 17 88 1 78 0 68 0 75
Lincoln, NE 5 0 28 0 37 0 33 0 12
Lincoln, NE 10 0 28 0 37 0 33 0 19
Lincoln, NE 15 0 28 0 37 0 35 0 31
Lincoln, NE 20 0 34 0 37 0 40 0 35
Lincoln, NE 25 0 42 0 39 0 46 0 45
Lincoln, NE 30 0 42 0 44 0 50 0 45
Lincoln, NE 35 0 53 0 51 0 51 0 47
Lincoln, NE 40 0 53 0 52 0 53 0 48
Lincoln, NE 45 0 54 0 61 0 61 0 52
Lincoln, NE 50 0 59 0 61 0 61 0 59
Lincoln, NE 55 0 61 0 61 0 61 0 59
Lincoln, NE 60 0 61 0 61 0 61 0 59
Lincoln, NE 100 0 61 0 61 0 61 0 59
Little Rock, 
AR 5 0 17 0 13 0 12     



Little Rock, 
AR 10 0 26 0 24 0 18 0 22
Little Rock, 
AR 15 0 31 0 31 0 32 0 35
Little Rock, 
AR 20 0 45 0 45 0 42 0 41
Little Rock, 
AR 25 0 48 0 53 0 51 0 48
Little Rock, 
AR 30 0 55 0 63 0 63 0 58
Little Rock, 
AR 35 0 65 0 63 0 66 0 70
Little Rock, 
AR 40 0 75 0 65 0 74 0 72
Little Rock, 
AR 45 4 89 2 84 1 77 0 75
Little Rock, 
AR 50 7 89 2 84 2 85 2 80
Little Rock, 
AR 55 9 89 2 84 2 85 2 80
Little Rock, 
AR 60 10 89 2 84 2 85 2 80
Little Rock, 
AR 100 11 89 2 84 2 85 2 80
Los 
Angeles, 
CA 5 0 28             
Los 
Angeles, 
CA 10 0 43 0 43 0 41 0 36
Los 
Angeles, 
CA 15 0 51 0 49 0 60 0 45
Los 
Angeles, 
CA 20 0 59 0 59 0 60 1 80
Los 
Angeles, 
CA 25 2 78 1 85 0 68 2 84



Los 
Angeles, 
CA 30 13 93 11 86 6 102 18 87
Los 
Angeles, 
CA 35 38 110 28 101 38 102 42 99
Los 
Angeles, 
CA 40 55 110 55 110 67 122 67 105
Los 
Angeles, 
CA 45 70 117 72 131 81 122 69 105
Los 
Angeles, 
CA 50 76 117 78 131 90 122 70 105
Los 
Angeles, 
CA 55 77 117 79 131 90 122 70 105
Los 
Angeles, 
CA 60 78 117 79 131 90 122 70 105
Los 
Angeles, 
CA 100 78 117 79 131 90 122 70 105
Louisville, 
KY 5 0 38 0 32 0 26 0 14
Louisville, 
KY 10 0 38 0 32 0 26 0 24
Louisville, 
KY 15 0 45 0 41 0 37 0 42
Louisville, 
KY 20 0 52 0 43 0 46 0 43
Louisville, 
KY 25 0 54 0 56 0 59 0 57
Louisville, 
KY 30 0 74 0 69 0 64 0 65
Louisville, 
KY 35 1 77 0 75 2 80 2 81
Louisville, 
KY 40 15 95 5 89 4 85 10 90



Louisville, 
KY 45 30 98 9 91 5 85 18 96
Louisville, 
KY 50 35 98 9 91 5 85 19 96
Louisville, 
KY 55 36 98 9 91 5 85 19 96
Louisville, 
KY 60 36 98 9 91 5 85 19 96
Louisville, 
KY 100 36 98 9 91 5 85 19 96
Madison, 
WI 5 0 15 0 26 0   0   
Madison, 
WI 10 0 16 0 26 0 14 0   
Madison, 
WI 15 0 29 0 37 0 32 0 27
Madison, 
WI 20 0 33 0 39 0 34 0 36
Madison, 
WI 25 0 42 0 47 0 49 0 49
Madison, 
WI 30 0 52 0 50 0 51 0 49
Madison, 
WI 35 0 57 0 60 0 57 0 59
Madison, 
WI 40 0 61 0 67 0 63 0 59
Madison, 
WI 45 0 70 0 70 0 64 0 67
Madison, 
WI 50 1 77 0 70 0 65 0 67
Madison, 
WI 55 3 85 0 70 0 66 0 70
Madison, 
WI 60 6 86 0 70 0 66 0 70
Madison, 
WI 100 6 86 0 70 0 66 0 70
Memphis, 
TN 5 0 8 0 20 0 7 0 10
Memphis, 10 0 24 0 23 0 25 0 28



TN 
Memphis, 
TN 15 0 41 0 38 0 35 0 39
Memphis, 
TN 20 0 43 0 52 0 46 0 43
Memphis, 
TN 25 0 55 0 53 0 52 0 52
Memphis, 
TN 30 0 66 0 62 0 66 0 59
Memphis, 
TN 35 0 75 0 73 0 71 0 70
Memphis, 
TN 40 0 75 0 75 1 83 4 82
Memphis, 
TN 45 10 83 4 86 2 83 9 84
Memphis, 
TN 50 18 90 9 94 4 83 10 91
Memphis, 
TN 55 24 108 9 94 4 83 12 91
Memphis, 
TN 60 30 108 10 101 4 83 12 91
Memphis, 
TN 100 32 108 10 101 4 83 13 91
Miami, FL 10 0 26     0 24 0 28
Miami, FL 15 0 36 0 35 0 42 0 41
Miami, FL 20 0 63 0 48 0 48 0 53
Miami, FL 25 0 63 0 48 0 52 0 56
Miami, FL 30 0 69 0 60 0 62 0 65
Miami, FL 35 0 69 0 60 0 70 0 70
Miami, FL 40 1 76 0 68 0 70 1 85
Miami, FL 45 1 76 1 77 1 76 2 85
Miami, FL 50 1 76 1 77 1 76 2 85
Miami, FL 55 2 78 4 93 1 76 2 85
Miami, FL 60 2 78 4 93 1 76 2 85
Miami, FL 100 2 78 4 93 1 76 2 85
Milwaukee, 
WI 5 0 20 0 12 0 9 0 2
Milwaukee, 10 0 25 0 24 0 28 0 27



WI 
Milwaukee, 
WI 15 0 33 0 31 0 31 0 35
Milwaukee, 
WI 20 0 41 0 38 0 49 0 43
Milwaukee, 
WI 25 0 53 0 47 0 49 0 47
Milwaukee, 
WI 30 0 58 0 57 0 58 0 58
Milwaukee, 
WI 35 0 64 0 67 0 69 0 61
Milwaukee, 
WI 40 0 75 0 68 0 71 0 73
Milwaukee, 
WI 45 1 82 0 70 0 71 0 75
Milwaukee, 
WI 50 8 91 0 71 0 73 3 83
Milwaukee, 
WI 55 12 92 0 71 2 94 6 92
Milwaukee, 
WI 60 12 92 0 71 2 94 6 92
Milwaukee, 
WI 100 12 92 0 71 2 94 6 92
Mobile, AL 5 0 32 0 6 0 18 0 4
Mobile, AL 10 0 32 0 30 0 20 0 9
Mobile, AL 15 0 36 0 35 0 36 0 36
Mobile, AL 20 0 48 0 45 0 48 0 61
Mobile, AL 25 0 52 0 52 0 54 0 62
Mobile, AL 30 0 63 0 66 0 58 0 65
Mobile, AL 35 1 79 0 67 0 63 0 75
Mobile, AL 40 3 79 0 72 0 74 0 75
Mobile, AL 45 6 82 3 85 1 76 2 80
Mobile, AL 50 8 82 4 85 2 80 2 80
Mobile, AL 55 11 91 4 85 2 80 4 82
Mobile, AL 60 11 91 4 85 2 80 4 82
Mobile, AL 100 11 91 4 85 2 80 4 82
Modesto, 
CA 5 0 16 0 26 0 19 0 16



Modesto, 
CA 10 0 29 0 30 0 33 0 28
Modesto, 
CA 15 0 37 0 40 0 45 0 38
Modesto, 
CA 20 0 43 0 54 0 46 0 47
Modesto, 
CA 25 0 54 0 64 0 54 0 52
Modesto, 
CA 30 0 64 0 69 0 70 0 66
Modesto, 
CA 35 0 66 1 80 0 70 0 68
Modesto, 
CA 40 0 75 3 91 1 88 1 82
Modesto, 
CA 45 3 76 11 91 7 88 7 89
Modesto, 
CA 50 5 88 20 91 15 89 8 89
Modesto, 
CA 55 5 88 23 99 18 102 10 96
Modesto, 
CA 60 5 88 25 106 18 102 11 96
Modesto, 
CA 100 5 88 30 130 18 102 11 96
Muskegon, 
MI 5 0 25 0 33 0 38 0 47
Muskegon, 
MI 10 0 25 0 33 0 38 0 47
Muskegon, 
MI 15 0 31 0 33 0 38 0 47
Muskegon, 
MI 20 0 44 0 47 0 41 0 47
Muskegon, 
MI 25 0 49 0 50 0 51 0 47
Muskegon, 
MI 30 0 57 0 60 0 61 0 57
Muskegon, 
MI 35 0 66 0 72 0 61 0 61
Muskegon, 40 2 76 0 72 0 67 0 74



MI 
Muskegon, 
MI 45 3 78 0 72 0 74 0 74
Muskegon, 
MI 50 8 89 1 80 0 75 2 77
Muskegon, 
MI 55 8 89 1 80 0 75 2 77
Muskegon, 
MI 60 11 93 2 99 0 75 2 77
Muskegon, 
MI 100 15 93 2 99 2 88 4 79
Nashville, 
TN 5 0 60 0 34 0 22 0 27
Nashville, 
TN 10 0 60 0 34 0 24 0 27
Nashville, 
TN 15 0 60 0 34 0 37 0 27
Nashville, 
TN 20 0 60 0 40 0 48 0 41
Nashville, 
TN 25 0 60 0 58 0 59 0 58
Nashville, 
TN 30 0 69 0 62 0 61 0 71
Nashville, 
TN 35 1 76 1 81 0 69 1 84
Nashville, 
TN 40 3 82 4 81 1 82 4 84
Nashville, 
TN 45 13 86 10 90 1 82 8 88
Nashville, 
TN 50 27 98 10 90 1 82 10 88
Nashville, 
TN 55 33 98 11 90 1 82 10 88
Nashville, 
TN 60 36 104 11 90 1 82 10 88
Nashville, 
TN 100 36 104 11 90 1 82 10 88
New 
Orleans, LA 5 0 17 0 13         



New 
Orleans, LA 10 0 25 0 20 0 24 0 15
New 
Orleans, LA 15 0 36 0 40 0 36 0 36
New 
Orleans, LA 20 0 49 0 57 0 49 0 49
New 
Orleans, LA 25 0 58 0 64 0 60 0 63
New 
Orleans, LA 30 0 64 1 79 0 65 0 66
New 
Orleans, LA 35 1 77 1 79 0 74 0 74
New 
Orleans, LA 40 2 92 2 79 2 80 1 79
New 
Orleans, LA 45 5 92 3 83 3 80 4 79
New 
Orleans, LA 50 11 97 5 85 4 85 7 87
New 
Orleans, LA 55 16 97 5 85 5 89 8 93
New 
Orleans, LA 60 16 97 5 85 5 89 8 93
New 
Orleans, LA 100 16 97 5 85 5 89 8 93
New York 
City, NY 5 0 32 0 21 0 17 0 24
New York 
City, NY 10 0 49 0 40 0 41 0 33
New York 
City, NY 15 0 49 0 46 0 50 0 43
New York 
City, NY 20 0 66 0 53 0 64 0 49
New York 
City, NY 25 0 68 0 58 0 64 0 57
New York 
City, NY 30 0 75 0 69 0 64 1 81
New York 
City, NY 35 3 88 1 86 1 82 1 81
New York 40 12 93 8 88 4 82 2 81



City, NY 
New York 
City, NY 45 19 101 19 95 9 85 19 95
New York 
City, NY 50 32 102 25 101 11 86 26 95
New York 
City, NY 55 35 102 30 101 12 86 32 113
New York 
City, NY 60 38 102 30 101 12 86 33 113
New York 
City, NY 100 38 102 30 101 12 86 33 113
Oakland, 
CA 5 0 26 0 37 0 19 0 19
Oakland, 
CA 10 0 36 0 37 0 37 0 34
Oakland, 
CA 15 0 39 0 51 0 52 0 44
Oakland, 
CA 20 0 52 0 64 0 69 0 62
Oakland, 
CA 25 0 74 1 91 0 71 1 78
Oakland, 
CA 30 1 91 6 91 2 81 2 79
Oakland, 
CA 35 2 91 8 91 4 82 4 97
Oakland, 
CA 40 2 91 9 110 6 94 4 97
Oakland, 
CA 45 2 91 10 110 6 94 4 97
Oakland, 
CA 50 2 91 10 110 6 94 4 97
Oakland, 
CA 55 2 91 10 110 6 94 4 97
Oakland, 
CA 60 2 91 10 110 6 94 4 97
Oakland, 
CA 100 2 91 10 110 6 94 4 97
Oklahoma 
City, OK 5 0 29 0 24 0 23 0 12



Oklahoma 
City, OK 10 0 29 0 29 0 23 0 16
Oklahoma 
City, OK 15 0 33 0 29 0 28 0 29
Oklahoma 
City, OK 20 0 42 0 39 0 39 0 38
Oklahoma 
City, OK 25 0 53 0 49 0 43 0 50
Oklahoma 
City, OK 30 0 59 0 61 0 52 0 61
Oklahoma 
City, OK 35 0 62 0 65 0 65 0 74
Oklahoma 
City, OK 40 0 69 1 81 0 69 0 74
Oklahoma 
City, OK 45 3 89 3 81 1 77 0 74
Oklahoma 
City, OK 50 3 89 3 81 2 77 1 76
Oklahoma 
City, OK 55 4 89 4 84 4 77 3 79
Oklahoma 
City, OK 60 5 89 5 84 5 77 3 79
Oklahoma 
City, OK 100 5 89 5 84 5 77 3 79
Omaha, NE 5 0 27 0 34 0 44 0 30
Omaha, NE 10 0 27 0 34 0 44 0 30
Omaha, NE 15 0 34 0 34 0 44 0 30
Omaha, NE 20 0 44 0 47 0 44 0 44
Omaha, NE 25 0 50 0 54 0 52 0 58
Omaha, NE 30 0 55 0 66 0 60 0 58
Omaha, NE 35 0 66 0 66 0 60 0 63
Omaha, NE 40 0 69 0 66 0 64 0 69
Omaha, NE 45 0 71 0 66 0 71 0 69
Omaha, NE 50 1 85 0 66 0 71 0 72
Omaha, NE 55 1 85 0 68 0 71 0 72
Omaha, NE 60 1 85 0 68 0 71 1 77
Omaha, NE 100 1 85 0 68 0 71 1 77
Orlando, FL 5                 



Orlando, FL 10 0 19 0 20 0 21 0 23
Orlando, FL 15 0 39 0 41 0 39 0 36
Orlando, FL 20 0 46 0 47 0 48 0 47
Orlando, FL 25 0 56 0 58 0 61 0 72
Orlando, FL 30 0 62 0 63 0 61 0 72
Orlando, FL 35 2 78 0 65 0 65 0 72
Orlando, FL 40 5 82 0 65 0 66 1 80
Orlando, FL 45 8 83 0 68 0 66 1 80
Orlando, FL 50 10 87 1 76 1 76 2 81
Orlando, FL 55 10 87 1 76 1 76 2 81
Orlando, FL 60 10 87 2 84 1 76 2 81
Orlando, FL 100 10 87 2 84 1 76 2 81
Philadelphia
, PA 5 0 22 0 28 0 20     
Philadelphia
, PA 10 0 40 0 40 0 33 0 35
Philadelphia
, PA 15 0 43 0 41 0 39 0 39
Philadelphia
, PA 20 0 52 0 49 0 53 0 48
Philadelphia
, PA 25 0 58 0 53 0 53 0 54
Philadelphia
, PA 30 0 68 0 68 0 68 0 62
Philadelphia
, PA 35 3 83 0 72 0 71 0 75
Philadelphia
, PA 40 6 83 2 87 1 84 0 75
Philadelphia
, PA 45 19 93 10 89 4 84 9 86
Philadelphia
, PA 50 32 119 23 102 5 84 21 90
Philadelphia
, PA 55 41 119 25 102 5 84 27 101
Philadelphia
, PA 60 41 119 27 107 5 84 30 101
Philadelphia
, PA 100 43 125 27 107 5 84 30 101



Phoenix, AZ 5                 
Phoenix, AZ 10 0 31     0 26 0 29
Phoenix, AZ 15 0 46 0 42 0 43 0 47
Phoenix, AZ 20 0 46 0 48 0 45 0 48
Phoenix, AZ 25 0 55 0 51 0 53 0 50
Phoenix, AZ 30 0 69 0 70 0 57 0 60
Phoenix, AZ 35 0 74 0 70 0 65 0 71
Phoenix, AZ 40 5 79 2 79 2 79 2 79
Phoenix, AZ 45 12 83 10 83 4 79 5 79
Phoenix, AZ 50 19 83 21 85 5 82 9 85
Phoenix, AZ 55 22 85 26 85 5 82 9 85
Phoenix, AZ 60 22 85 26 85 5 82 10 85
Phoenix, AZ 100 22 85 26 85 5 82 10 85
Pittsburgh, 
PA 5 0 16 0 16 0 12 0 5
Pittsburgh, 
PA 10 0 30 0 30 0 31 0 36
Pittsburgh, 
PA 15 0 41 0 39 0 38 0 36
Pittsburgh, 
PA 20 0 49 0 49 0 46 0 50
Pittsburgh, 
PA 25 0 69 0 58 0 65 0 57
Pittsburgh, 
PA 30 0 69 0 71 0 70 0 69
Pittsburgh, 
PA 35 4 83 2 78 1 76 2 89
Pittsburgh, 
PA 40 13 93 9 91 2 76 8 92
Pittsburgh, 
PA 45 21 100 15 91 6 84 12 105
Pittsburgh, 
PA 50 26 100 15 91 6 84 13 105
Pittsburgh, 
PA 55 27 100 15 91 6 84 13 105
Pittsburgh, 
PA 60 27 100 15 91 6 84 13 105
Pittsburgh, 100 27 100 15 91 6 84 13 105



PA 
Portland, 
OR 5 0 34 0 27 0 26 0 19
Portland, 
OR 10 0 34 0 27 0 28 0 28
Portland, 
OR 15 0 34 0 33 0 34 0 37
Portland, 
OR 20 0 41 0 39 0 45 0 42
Portland, 
OR 25 0 52 0 53 0 53 0 53
Portland, 
OR 30 0 67 0 63 0 67 0 66
Portland, 
OR 35 0 72 1 77 0 71 0 67
Portland, 
OR 40 0 72 2 84 1 80 1 94
Portland, 
OR 45 0 72 3 84 2 80 1 94
Portland, 
OR 50 0 72 3 84 2 80 1 94
Portland, 
OR 55 0 72 3 84 2 80 1 94
Portland, 
OR 60 0 72 3 84 2 80 1 94
Portland, 
OR 100 0 72 3 84 2 80 1 94
Providence, 
RI 5 0 38 0 46 0 33 0 34
Providence, 
RI 10 0 38 0 46 0 33 0 34
Providence, 
RI 15 0 38 0 46 0 33 0 34
Providence, 
RI 20 0 38 0 46 0 34 0 34
Providence, 
RI 25 0 50 0 52 0 48 0 44
Providence, 
RI 30 0 68 0 52 0 59 0 54



Providence, 
RI 35 0 72 0 65 0 61 0 60
Providence, 
RI 40 2 81 0 67 0 71 0 67
Providence, 
RI 45 3 81 0 74 0 71 0 72
Providence, 
RI 50 5 81 2 85 0 75 4 80
Providence, 
RI 55 14 92 4 86 2 78 5 80
Providence, 
RI 60 17 92 5 88 2 78 7 86
Providence, 
RI 100 18 100 6 89 2 78 7 86
Raleigh, NC 5     0 12 0 26 0 10
Raleigh, NC 10 0 24 0 22 0 26 0 24
Raleigh, NC 15 0 37 0 36 0 34 0 32
Raleigh, NC 20 0 43 0 44 0 43 0 50
Raleigh, NC 25 0 54 0 49 0 53 0 55
Raleigh, NC 30 0 63 0 60 0 59 0 68
Raleigh, NC 35 0 71 0 67 0 68 0 69
Raleigh, NC 40 0 72 1 77 0 74 0 73
Raleigh, NC 45 11 84 3 83 0 74 1 83
Raleigh, NC 50 17 92 5 83 0 74 2 83
Raleigh, NC 55 21 92 9 85 0 74 3 83
Raleigh, NC 60 23 92 10 85 0 74 3 83
Raleigh, NC 100 24 92 10 85 0 74 3 83
Riverside, 
CA 10                 
Riverside, 
CA 15 0 50 0 49 0 50 0 48
Riverside, 
CA 20 0 74 0 57 0 58 0 68
Riverside, 
CA 25 2 77 0 65 0 62 0 68
Riverside, 
CA 30 8 86 1 79 0 65 0 69
Riverside, 35 14 86 2 81 0 74 0 75



CA 
Riverside, 
CA 40 27 97 18 89 9 91 6 83
Riverside, 
CA 45 57 97 40 101 32 111 39 102
Riverside, 
CA 50 95 113 69 119 77 111 81 105
Riverside, 
CA 55 122 124 106 120 103 111 106 123
Riverside, 
CA 60 137 135 126 126 110 128 110 123
Riverside, 
CA 100 140 137 126 126 110 128 110 123
Rochester, 
NY 5 0 15     0 18 0 8
Rochester, 
NY 10 0 25 0 20 0 23 0 19
Rochester, 
NY 15 0 35 0 32 0 33 0 28
Rochester, 
NY 20 0 42 0 45 0 38 0 50
Rochester, 
NY 25 0 47 0 46 0 49 0 50
Rochester, 
NY 30 0 51 0 48 0 52 0 55
Rochester, 
NY 35 0 64 0 70 0 59 0 60
Rochester, 
NY 40 0 69 0 70 0 65 0 68
Rochester, 
NY 45 0 70 0 73 0 65 0 68
Rochester, 
NY 50 3 78 0 73 0 67 0 74
Rochester, 
NY 55 5 83 1 78 0 67 0 74
Rochester, 
NY 60 8 83 3 85 0 75 0 74
Rochester, 
NY 100 9 88 4 85 0 75 0 74



Sacramento
, CA 5             0 28
Sacramento
, CA 10 0 28 0 39 0 36 0 36
Sacramento
, CA 15 0 42 0 41 0 42 0 40
Sacramento
, CA 20 0 54 0 52 0 50 0 54
Sacramento
, CA 25 0 65 0 53 0 55 0 57
Sacramento
, CA 30 1 77 0 65 0 68 0 68
Sacramento
, CA 35 1 77 0 70 0 75 0 70
Sacramento
, CA 40 9 85 9 100 3 86 5 87
Sacramento
, CA 45 24 95 27 100 21 96 18 104
Sacramento
, CA 50 37 99 39 116 41 103 21 104
Sacramento
, CA 55 38 122 51 123 42 104 23 112
Sacramento
, CA 60 38 122 54 123 42 104 23 112
Sacramento
, CA 100 38 122 56 123 42 104 23 112
Salt Lake 
City, UT 5 0 41 0 28 0 15 0 33
Salt Lake 
City, UT 10 0 41 0 29 0 40 0 33
Salt Lake 
City, UT 15 0 41 0 38 0 40 0 38
Salt Lake 
City, UT 20 0 46 0 39 0 46 0 42
Salt Lake 
City, UT 25 0 49 0 54 0 50 0 52
Salt Lake 
City, UT 30 0 62 0 61 0 58 0 59
Salt Lake 35 0 66 0 63 0 62 0 68



City, UT 
Salt Lake 
City, UT 40 1 82 1 76 1 79 0 68
Salt Lake 
City, UT 45 4 82 4 81 2 79 1 78
Salt Lake 
City, UT 50 15 88 5 81 4 81 3 89
Salt Lake 
City, UT 55 19 96 8 88 4 81 4 91
Salt Lake 
City, UT 60 19 96 8 88 4 81 4 91
Salt Lake 
City, UT 100 19 96 8 88 4 81 4 91
San 
Antonio, TX 5 0 8 0 7 0 11     
San 
Antonio, TX 10 0 26 0 37 0 23     
San 
Antonio, TX 15 0 36 0 37 0 30 0 36
San 
Antonio, TX 20 0 49 0 47 0 44 0 47
San 
Antonio, TX 25 0 54 0 56 0 64 0 55
San 
Antonio, TX 30 0 66 0 68 0 70 0 67
San 
Antonio, TX 35 0 73 0 71 0 70 0 75
San 
Antonio, TX 40 2 85 1 81 0 72 2 86
San 
Antonio, TX 45 3 85 6 81 1 76 2 86
San 
Antonio, TX 50 3 85 10 82 3 90 2 86
San 
Antonio, TX 55 3 85 10 82 3 90 4 87
San 
Antonio, TX 60 3 85 10 82 3 90 4 87
San 
Antonio, TX 100 3 85 10 82 3 90 4 87



San Diego, 
CA 5                 
San Diego, 
CA 10 0 43 0 37     0 40
San Diego, 
CA 15 0 45 0 48 0 47 0 48
San Diego, 
CA 20 0 53 0 58 0 62 0 50
San Diego, 
CA 25 0 64 0 71 0 63 0 58
San Diego, 
CA 30 4 89 0 72 2 78 1 79
San Diego, 
CA 35 9 89 8 86 10 97 5 88
San Diego, 
CA 40 20 92 15 95 16 97 9 88
San Diego, 
CA 45 22 92 28 103 24 97 14 90
San Diego, 
CA 50 25 92 34 109 24 97 14 90
San Diego, 
CA 55 26 92 35 109 24 97 14 90
San Diego, 
CA 60 26 92 35 109 24 97 14 90
San Diego, 
CA 100 27 92 35 109 24 97 14 90
San Jose, 
CA 5     0 19     0 23
San Jose, 
CA 10 0 42 0 38 0 35 0 41
San Jose, 
CA 15 0 49 0 44 0 43 0 42
San Jose, 
CA 20 0 65 0 64 0 55 0 52
San Jose, 
CA 25 0 69 0 69 0 63 0 60
San Jose, 
CA 30 0 74 0 74 0 72 0 70
San Jose, 35 2 83 4 87 0 72 0 70



CA 
San Jose, 
CA 40 3 83 11 87 3 78 1 80
San Jose, 
CA 45 3 83 13 97 7 81 2 80
San Jose, 
CA 50 3 83 14 97 8 82 6 91
San Jose, 
CA 55 3 83 14 97 8 82 7 91
San Jose, 
CA 60 3 83 14 97 8 82 7 91
San Jose, 
CA 100 3 83 14 97 8 82 7 91
Seattle, WA 5             0 25
Seattle, WA 10 0 24 0 39 0 37 0 38
Seattle, WA 15 0 45 0 49 0 42 0 50
Seattle, WA 20 0 52 0 50 0 54 0 50
Seattle, WA 25 0 59 0 58 0 61 0 52
Seattle, WA 30 0 64 0 67 0 68 0 61
Seattle, WA 35 0 68 3 87 2 84 0 73
Seattle, WA 40 2 89 3 87 3 84 1 77
Seattle, WA 45 2 89 4 91 4 84 1 77
Seattle, WA 50 2 89 4 91 4 84 1 77
Seattle, WA 55 2 89 4 91 4 84 1 77
Seattle, WA 60 2 89 4 91 4 84 1 77
Seattle, WA 100 2 89 4 91 4 84 1 77
Shreveport, 
LA 5 0 11 0 18 0 15     
Shreveport, 
LA 10 0 27 0 25 0 20 0 23
Shreveport, 
LA 15 0 45 0 34 0 34 0 30
Shreveport, 
LA 20 0 59 0 45 0 44 0 46
Shreveport, 
LA 25 0 59 0 56 0 52 0 53
Shreveport, 
LA 30 0 70 0 64 0 68 0 68



Shreveport, 
LA 35 1 78 0 68 0 71 0 72
Shreveport, 
LA 40 3 78 0 74 1 79 2 79
Shreveport, 
LA 45 3 78 1 77 3 79 6 87
Shreveport, 
LA 50 3 78 2 81 3 79 8 90
Shreveport, 
LA 55 4 91 2 81 4 96 9 90
Shreveport, 
LA 60 4 91 2 81 4 96 9 90
Shreveport, 
LA 100 4 91 2 81 4 96 9 90
Spokane, 
WA 5 0 2 0 35 0 31 0 29
Spokane, 
WA 10 0 2 0 35 0 31 0 29
Spokane, 
WA 15 0 2 0 35 0 31 0 29
Spokane, 
WA 20 0 32 0 35 0 32 0 37
Spokane, 
WA 25 0 40 0 41 0 40 0 44
Spokane, 
WA 30 0 49 0 48 0 50 0 57
Spokane, 
WA 35 0 55 0 56 0 56 0 58
Spokane, 
WA 40 0 64 0 61 0 58 0 59
Spokane, 
WA 45 0 71 0 61 0 62 0 59
Spokane, 
WA 50 0 72 0 64 0 62 0 67
Spokane, 
WA 55 0 72 0 64 0 62 0 67
Spokane, 
WA 60 0 72 0 64 0 62 0 67
Spokane, 100 0 72 0 64 0 62 0 67



WA 
St Louis, 
MO 5 0 13 0 14 0 9 0 11
St Louis, 
MO 10 0 32 0 24 0 21 0 26
St Louis, 
MO 15 0 36 0 33 0 38 0 36
St Louis, 
MO 20 0 47 0 46 0 44 0 46
St Louis, 
MO 25 0 55 0 55 0 61 0 61
St Louis, 
MO 30 0 70 0 74 0 70 0 73
St Louis, 
MO 35 0 73 3 80 0 70 2 82
St Louis, 
MO 40 9 88 4 80 3 96 11 86
St Louis, 
MO 45 21 93 6 82 4 96 17 91
St Louis, 
MO 50 34 101 8 89 4 96 20 91
St Louis, 
MO 55 39 113 8 89 5 96 23 91
St Louis, 
MO 60 39 113 8 89 5 96 23 91
St Louis, 
MO 100 39 113 8 89 5 96 23 91
Stockton, 
CA 5 0 11 0 12 0 18 0 12
Stockton, 
CA 10 0 31 0 37 0 24 0 26
Stockton, 
CA 15 0 36 0 37 0 35 0 35
Stockton, 
CA 20 0 48 0 45 0 44 0 39
Stockton, 
CA 25 0 55 0 56 0 55 0 49
Stockton, 
CA 30 0 56 1 81 0 59 0 61



Stockton, 
CA 35 0 68 2 82 0 71 0 64
Stockton, 
CA 40 1 79 5 85 0 74 0 74
Stockton, 
CA 45 3 79 9 85 4 80 1 77
Stockton, 
CA 50 5 83 13 90 6 80 3 83
Stockton, 
CA 55 6 83 15 103 8 96 3 83
Stockton, 
CA 60 6 83 16 103 8 96 4 95
Stockton, 
CA 100 6 83 16 103 8 96 4 95
Syracuse, 
NY 5                 
Syracuse, 
NY 10 0 27 0 18     0 21
Syracuse, 
NY 15 0 39 0 37 0 34 0 37
Syracuse, 
NY 20 0 45 0 43 0 44 0 47
Syracuse, 
NY 25 0 52 0 56 0 52 0 59
Syracuse, 
NY 30 0 64 0 58 0 58 0 59
Syracuse, 
NY 35 0 67 0 64 0 66 0 64
Syracuse, 
NY 40 0 72 0 66 0 66 0 69
Syracuse, 
NY 45 1 76 0 70 0 69 2 82
Syracuse, 
NY 50 2 83 1 79 0 69 3 82
Syracuse, 
NY 55 5 85 1 79 0 69 3 82
Syracuse, 
NY 60 9 87 2 85 0 69 3 82
Syracuse, 100 10 87 3 90 1 76 3 82



NY 

Tampa, FL 5                 
Tampa, FL 10         0 18     
Tampa, FL 15 0 35 0 40 0 46 0 41
Tampa, FL 20 0 47 0 51 0 54 0 50
Tampa, FL 25 0 61 0 60 0 64 0 65
Tampa, FL 30 0 70 0 60 0 67 0 70
Tampa, FL 35 0 74 0 69 0 70 0 70
Tampa, FL 40 2 79 0 73 2 76 1 77
Tampa, FL 45 4 97 1 83 3 76 2 87
Tampa, FL 50 8 97 1 83 4 76 2 87
Tampa, FL 55 12 97 4 83 4 76 2 87
Tampa, FL 60 12 97 7 100 4 76 2 87
Tampa, FL 100 12 97 7 100 4 76 2 87
Toledo, OH 5 0 21 0 34 0 42 0 35
Toledo, OH 10 0 21 0 34 0 42 0 35
Toledo, OH 15 0 31 0 35 0 42 0 36
Toledo, OH 20 0 45 0 51 0 42 0 37
Toledo, OH 25 0 58 0 52 0 52 0 51
Toledo, OH 30 0 61 0 65 0 58 0 59
Toledo, OH 35 0 75 0 74 0 61 0 69
Toledo, OH 40 2 99 1 77 1 87 1 91
Toledo, OH 45 3 99 2 77 2 87 3 91
Toledo, OH 50 5 99 4 79 2 87 3 91
Toledo, OH 55 7 99 4 79 2 87 3 91
Toledo, OH 60 8 99 4 79 2 87 3 91
Toledo, OH 100 8 99 4 79 2 87 3 91
Tucson, AZ 10 0 29             
Tucson, AZ 15 0 38 0 39 0 36     
Tucson, AZ 20 0 47 0 44 0 44 0 43
Tucson, AZ 25 0 51 0 51 0 49 0 47
Tucson, AZ 30 0 60 0 57 0 55 0 59
Tucson, AZ 35 0 66 0 64 0 59 0 59
Tucson, AZ 40 0 68 0 70 0 64 0 64
Tucson, AZ 45 0 73 1 80 0 69 0 68



Tucson, AZ 50 0 75 2 80 1 77 0 73
Tucson, AZ 55 0 75 2 80 1 77 0 75
Tucson, AZ 60 0 75 2 80 1 77 0 75
Tucson, AZ 100 0 75 2 80 1 77 0 75
Tulsa, OK 5 0 17 0 22 0 17     
Tulsa, OK 10 0 25 0 27 0 22 0 23
Tulsa, OK 15 0 36 0 38 0 33 0 36
Tulsa, OK 20 0 45 0 43 0 43 0 43
Tulsa, OK 25 0 62 0 57 0 48 0 64
Tulsa, OK 30 0 62 0 64 0 65 0 65
Tulsa, OK 35 1 80 1 77 1 81 1 77
Tulsa, OK 40 3 95 2 79 1 81 2 78
Tulsa, OK 45 5 95 4 79 4 94 2 78
Tulsa, OK 50 5 95 6 87 5 94 2 78
Tulsa, OK 55 5 95 8 100 6 94 2 78
Tulsa, OK 60 5 95 8 100 6 94 2 78
Tulsa, OK 100 5 95 8 100 6 94 2 78
Washington
, DC 5 0 26 0 20 0 19 0 14
Washington
, DC 10 0 35 0 31 0 29 0 29
Washington
, DC 15 0 57 0 41 0 38 0 36
Washington
, DC 20 0 57 0 55 0 50 0 41
Washington
, DC 25 0 57 0 57 0 63 0 55
Washington
, DC 30 0 65 0 71 0 65 0 70
Washington
, DC 35 1 78 1 81 0 72 0 71
Washington
, DC 40 9 88 6 87 4 85 10 98
Washington
, DC 45 25 91 13 102 4 85 23 98
Washington
, DC 50 37 103 19 104 4 85 31 98



Washington
, DC 55 43 110 20 104 4 85 32 100
Washington
, DC 60 44 110 20 104 4 85 33 100
Washington
, DC 100 44 110 20 104 4 85 33 100
Wichita, KS 5 0 9 0 14 0 12     
Wichita, KS 10 0 37 0 27 0 26 0 26
Wichita, KS 15 0 47 0 39 0 33 0 36
Wichita, KS 20 0 54 0 47 0 41 0 38
Wichita, KS 25 0 55 0 57 0 50 0 57
Wichita, KS 30 0 64 0 61 0 56 0 58
Wichita, KS 35 0 66 0 62 0 59 0 60
Wichita, KS 40 0 70 0 67 0 62 0 64
Wichita, KS 45 0 71 0 68 0 74 2 77
Wichita, KS 50 1 76 1 77 1 95 2 77
Wichita, KS 55 1 76 1 77 2 95 2 77
Wichita, KS 60 1 76 1 77 2 95 4 77
Wichita, KS 100 1 76 1 77 2 95 4 77
Worcester, 
MA 5 0 41 0 47 0 42 0 38
Worcester, 
MA 10 0 41 0 47 0 42 0 38
Worcester, 
MA 15 0 41 0 47 0 42 0 38
Worcester, 
MA 20 0 41 0 47 0 42 0 38
Worcester, 
MA 25 0 41 0 47 0 43 0 45
Worcester, 
MA 30 0 41 0 47 0 49 0 48
Worcester, 
MA 35 0 45 0 51 0 61 0 56
Worcester, 
MA 40 0 58 0 53 0 61 0 64
Worcester, 
MA 45 0 67 0 65 0 71 0 70
Worcester, 50 0 73 0 65 0 74 1 77



MA 
Worcester, 
MA 55 2 79 0 67 0 74 2 78
Worcester, 
MA 60 8 84 1 89 2 86 3 83
Worcester, 
MA 100 20 96 8 104 4 86 3 83
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