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ABSTRACT

There is increasing evidence that high-growth metropolitan areas present formidable challenges for implementing effective ozone attainment strategies. Charlotte is experiencing large population growth, greater increases in vehicle miles traveled, and growing electrical power demands.  This region has the highest summertime ozone readings in the Carolinas.

Comparing weekday with weekend levels of traffic, ozone precursors, and ozone shows how the region responds to short-term fluctuations in emission sources.  Evaluating long-term trends provides evidence whether growth-related declines in air quality are being effectively offset by ozone attainment measures.

The objectives of this study were: 1) to compile Charlotte traffic, CO, NOy, power plant NOx, and ozone data; 2) to examine weekday / weekend variation for each; 3) to evaluate long-term trends; and 4) to examine correlations among traffic patterns, CO, NOy, power plant NOx, and ozone levels. 

Hourly traffic volumes from 1990-1998 for four tachograph locations were used.  Friday was the most traveled day, while Saturday and Sunday morning rush hour traffic counts were 55% and 67% below the seven-day average.  Saturday and Sunday traffic totals for all sites were 18% and 31% less than the seven-day average.  Traffic volumes increased 53-73% over a seven-year period. 

NOy and CO diurnal patterns showed the greatest weekday / weekend variation during AM rush hours; 7:00-8:00 AM CO levels were 8% (Saturday) and 29% (Sunday) below the seven day averages.  NOy levels (7:00-8:00 AM) were 16% (Saturday) and 49% (Sunday) below the seven day averages.  These patterns emulated traffic pattern variations observed on weekends.

Ozone showed little variation in weekday/weekend maximum daily readings.  Data from all three ozone monitoring sites during May through September from 1990-1998 had average Sunday and Monday levels of 98% of the 7 day average while Saturday had the highest average ozone level of 102% of the 7 day average.

INTRODUCTION
Summer tropospheric ozone is the leading air quality problem in the U.S.  In 1999, over 50 million Americans resided in counties with ozone levels exceeding the 120 ppb one hour standard; over 120 million in counties exceeding the 8-hour 80 ppb standard.  National trends between 1990-1999 show no change in the 8-hour ozone design values among 705 monitoring sites.  While improvements during the 1990’s have been made in California and the Northeast, rural sites in the Eastern U.S. and many national parks have had significant upward trends.1
Historically a California issue, summertime ozone is increasingly a problem in other areas, particularly Sunbelt states.  Texas, North Carolina, Tennessee, Georgia, and Maryland all have  counties with ozone levels among the 25 highest in the nation.  In Charlotte, the number of days exceeding the 8-hour standard rose from 12 in 1989 to 26 in 1997.  In 1997, for the first time ever recorded, Houston ozone levels surpassed those of Los Angeles.2 High-growth metropolitan areas, particularly those located in sunbelt regions conducive to ozone formation, present formidable challenges for implementing effective ozone attainment strategies.
Adding to these challenges is evidence that ozone levels become more resistant to further reduction as they trend downward.  A recent study3 shows that the most rapid declines have been for sites with the highest concentrations; locations with mid-range ozone readings (above allowable standards) have responded much slower to control strategies.  This increasing resistance appears to be independent of ozone precursor (VOC or NOx) emission reductions. As urban regions move closer toward meeting attainment goals, improvements become more difficult.
Ozone c
ontrol measures implemented during the 1970's and 1980's focused primarily on reducing hydrocarbon emissions; national trends indicated success with corresponding declines in summertime ozone, particularly in California (where levels were high and resistance to reduction was low).  In a number of regions, in spite of significant and costly hydrocarbon emission reductions, improvement in summertime ozone levels were not achieved, leading the National Research Council and others 4,5 to call for control of nitrogen oxide emissions in addition to or in place of reactive hydrocarbon controls.  California’s programs to reduce both nitrogen oxides and reactive hydrocarbons continue to achieve success in lowering summertime ozone levels.  Between the 1992-1994 and 1996-1998 periods, a recent study6 has shown significant statewide ozone reductions (15-20%), possibly in part due to the statewide implementation of the California Clean Burning Gasoline program in 1995.

Effective implementation of ozone control measures requires an understanding of key regional factors.  A number of measures (e.g. VOC/NOx ratios) have been developed to assess if ozone production in a region is driven by nitrogen oxides, hydrocarbons, or a combination of both.4, 7  Modeling has been helpful in estimating the effect of emissions reductions on predicted ozone levels.8  To factor out meteorological variability and assess long-term trends in a region, Cox and Chu have reported ways to produce meteorologically adjusted ozone trends and to assess interannual urban ozone variation from a climatological perspective.9,10 
One of the best ways to understand how the production of ozone within a particular region responds to major reductions in ozone precursors is to compare weekends with weekdays.  During the 1970s, research11-13 on several urban regions showed that some sites had higher O3 concentrations on weekends, many others had comparable weekend ozone concentrations (in spite of lower ambient precursor levels), and still others (downwind) were lower.  More recently, studies14,15 examining weekday/weekend effects in mid-Atlantic urban regions and in California have shown higher weekend ozone readings and lower weekend ozone precursor levels.  A number of California locations demonstrate a significant "weekend effect" - up (from Friday) on Saturday, flat on Sunday, down on Monday.  The ozone levels for many California monitoring sites are 25-30% higher on weekends than weekdays.   

A number of possible causes of the weekend effect have been proposed and a major study is underway in California to examine this.  Lower ambient AM NO weekend levels have been widely reported; this results in less early scavenging (NO + O3 ( NO2 + O2) resulting in higher early morning ozone levels than on weekdays, perhaps biasing upward weekend ozone levels.  Cleveland et al. during the 1970's found lower Sunday aerosol concentrations (from lower emissions)13 and Sunday mid-quantile solar radiation and mixing heights significantly higher than on weekdays.  Sunday ozone averages were markedly higher than weekdays, perhaps due to increased weekend vertical mixing (from increased radiation) with upper layers having higher ozone concentrations.  Clearly weekend/weekday differences are complex. Understanding and being able to successfully model these differences is important because it may increase the confidence in evaluating and selecting effective ozone control strategies for a particular region.
This study focuses on traffic, ozone precursor, and ozone data collected during the 1990's in Charlotte, the second fastest growing U.S. city among those with a population of at least 500,000.16  Ozone levels in Charlotte rose substantially during the second half of the 1990's.  In summer 2000, the American Lung Association ranked Charlotte as the nation's eighth most ozone-polluted city--behind only Houston and Washington DC among urban areas outside of California.1  An understanding of the within week and weekday/weekend variation of ozone and ozone precursors provides information to better understand how the Charlotte region responds to these fluctuations.  The second objective is to review the impact of growth and improvements in pollution control devices to better characterize long term trends in this emerging urban center. 








EXPERIMENTAL METHODS

Data Collection

This study examined 1990-1997 hourly traffic, ambient monitoring [ozone, carbon monoxide (CO), NOx oxidation products (NOy = NO, NO2, NO3, N2O, HNO3), hydrocarbons], and power plant emission (NOx) data collected from four traffic location, three ambient monitoring sites, and four power plant facilities located in or near Charlotte, North Carolina.  In 1995, NOx ambient monitors were replaced by NOy instruments to provide a better indication of total reactive nitrogen.  Power plant monitors in the region have continued to measure NOx emissions.  Table 1 summarizes the monitoring locations and the specific periods of time the data were collected.
Traffic Data

Traffic volumes by hour were taken from three Charlotte City streets to characterize the traffic growth and traffic patterns in the city. The time frame from May through September 1990-1997 was used from the sites at Graham St, Wilkinson Blvd, and South Blvd.  These three sites were chosen because they had the greatest amount of historical data with the most complete data sets available.  In addition, the sites depict two major business thoroughfares, and one city street within the city limits.  Wilkinson Blvd represents one of the six U.S. primary highways in the area while South Blvd represents one of the seven state primary highways in the area.  Graham St depicts traffic flow on one of many Charlotte city streets.  The rush hour volumes at 7:00-8:00 AM and 5:00-6:00 PM and the total daily traffic volume were transcribed from average daily traffic (ADT) counts provided by the City of Charlotte Department of Transportation (DOT).   The rush hours were chosen as an indication of the most heavily traveled hours. 

In addition, traffic volumes were taken from I-77, an interstate used by commuters just outside the Charlotte city limits to characterize the traffic growth and traffic patterns in the area.  I-77 represents one of the two interstates in the region.  Hourly traffic volumes for the I-77 Interstate site were provided from the South Carolina DOT in electronic format from June-August 1990-1997.  The interstate site was chosen to represent the growing number of commuters that drive into Charlotte each day.

Table 1.  Charlotte traffic, monitoring, and power plant data used in this study. All are hourly readings (24 hours per day) unless otherwise noted. NOy and NOx used due to data availability.  Hydrocarbon data were from three-hour canister samples collected two-three mornings per week.
	Type of Data 
	Monitoring Site
	Selected Data

	Traffic Counts
	Interstate I-77
	Jun-Aug, 1990-1997



	
	South Blvd, Wilkinson Blvd, Graham St.
	May-Sep, 1990-1997

(8-9 AM, 6-7 PM, daily)

	Mecklenburg County Ambient Air Monitors
	Plaza, County Line 
	Ozone: May-Sep, 1990-2000
CO:  May-Sep, 1993-2000
NOy: May-Sep, 1995-2000

Hydrocarbons, 1995-1999


	
	Arrowwood
	Ozone: May-Sept.1990-2000

	Power Plant Continuous Emission Monitors (CEM)
	Riverbend, Allen
Marshall, Buck
	NOx: May-Sep, 1996-2000



Ambient Air Monitoring Data

Hourly NOy and CO concentrations were collected in electronic format from the Plaza (in 2000 the Plaza site was relocated to Garinger, a slightly more urban site) and County Line monitors within Mecklenburg County for available years. NOy data were available from May to September from 1995 to 2000.  High Sensitivity CO data were taken from May through September of 1993 to 2000.  State and local agencies maintain the monitors.  The NC Division of Air Quality (DAQ) retrieved 1990-1997 and 1999-2000 data from the Aerometric Information Retrieval System (AIRS).  DAQ also provided the 1995-1999 AM hydrocarbon data that was collected (canister sampling, GC analysis) two-three days weekly during early morning hours at the Plaza site.  Data for the 1998 year were downloaded via the AIRS website. 
Ozone data were obtained from the Plaza, County Line and Arrowwood monitors within Mecklenburg County from May through September for the years 1990-2000.  State and local agencies maintain all monitors.  Hourly ozone concentrations were collected electronically via the AIRS database by the NC DAQ for 1990-1997 and 1999-2000.  Data for 1998 were downloaded from the AIRS website in electronic format.  




Power Plant Nitrogen Oxide Emission Data

Hourly NOx emission readings from May-September, 1996-2000, were obtained from Duke Power for the four coal-fired power plants in the Charlotte region: Allen & Riverbend (just west of Charlotte in nearby Gaston County) and Marshall & Buck (further away, northwest of Charlotte).  Allen and Riverbend represent the major source of nitrogen oxide stationary source emissions near Charlotte; these two plants have nitrogen oxide emission inventories that are between 80-90% of all motor vehicles in Mecklenburg county.  
	
	
	

	
	
	


	
	
	


	
	
	


	
	
	



Data Analysis of Parameters

Daily Distributions 

Hourly data from I-77 traffic monitor, ambient air monitors and power plant monitors were used to analyze the daily distribution of mobile sources, stationary sources and pollutant emissions.  Data were sorted by day of the week and then by hour to obtain average hourly values.  These average hourly values were used to characterize daily variations.  Ozone readings were based upon the average 1-hour daily maximums and the average 8-hour daily maximums before the values were normalized by a seven-day average of those respective daily maximums.
Yearly Patterns 

Data from all traffic sites were sorted by rush hour and by daily total intervals, and then by each year to observe the yearly growth.  For the secondary pollutant analysis at the County and Plaza monitoring sites, data for each available year were sorted by three different time intervals.  Trends for the 7:00-8:00 AM average, the 7:00-9:00 AM average and the hourly average were found.  In addition to the 7:00-8:00 AM average annual patterns for the previous parameters, yearly trends present in ozone were calculated by two different methods using data from the County, Plaza and Arrowwood monitoring sites.  The maximum 1-hour ozone concentration (daily max) for each day was computed; the daily max readings from the May-September period were then averaged for each year.  In a similar manner, an overall average for each year was calculated using the average of May-September daily 8-hour maximum ozone concentrations.  

Nonmethane Organic Compound (NMOC) / NOy ratios were calculated using simultaneous samples (6:00-9:00 AM).  Both identified and unidentified peaks were used in calculating the total NMOC concentrations.  NOy levels used were a three hour average of hourly readings.  


Correlations

To quantify the deviations present in the observed parameters, 7:00-8:00 AM data from all monitors excluding ozone were separated into Sundays, Mondays, Tuesday through Fridays and Saturdays.  Mondays were separated from other weekdays due to lower readings for NOy and for CO (Fridays were comparable to other weekdays).  Data were averaged by day and then were normalized by a seven-day average.  Ozone data were grouped into the same day classifications.  Variances, t-tests, and p-values were found utilizing the statistical package S-Plus Version 4.5.    

Missing Data Procedures
The holidays of Memorial Day, July 4th, and Labor Day were not included in the traffic analysis due to the varied traffic patterns that occurred.  Days in which missing data occurred during construction or as the result of faulty equipment were not included.  However, the sample size of traffic volumes that contributed to each individual day remained nearly constant, since the data were taken over eight years and the excluded data were spread across all days of the week.    

Each ambient air monitor had missing hours due to instrument calibration (which normally occurred during the early morning hours in which pollutant levels are not significant to this analysis).  In addition, data missing due to instrumentation failures were ignored.  Data from the holidays mentioned above were included in this analysis.   The number of each individual day present in the analysis was almost consistent.

RESULTS AND DISCUSSION

Weekday/Weekend Variation

Traffic Weekday/Weekend Variation

Figure 1 shows the 1990-1997 Interstate-77 hourly distribution of traffic by day of the week.  Weekday patterns show two peaks that correspond to the AM and PM rush hours.  Sunday and Saturday were quite different from weekdays; volumes for weekends are lower than weekday AM and PM rush hours, while the Sunday midday volumes were equivalent to the weekday volumes and Saturday midday traffic counts were slightly higher than weekday counts.  Friday traffic was slightly heavier than other weekdays after morning rush hour.  A 1992 July-August Atlanta traffic study by Cardelino17 that included 47 separate traffic counters found very similar within week urban patterns to those shown in Figure 1.  
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Figure 1.  Average hourly traffic counts for Interstate-77, June-August, 1990-1997. The I-77 traffic counts illustrate nearly identical weekday patterns and deviating weekend patterns. Traffic count data used did not include information on the vehicle types represented by the counts.

Weekday/Weekend Variation in Ambient Monitoring NOy and CO Levels

The 24-hour concentration plots of NOy and CO for the County Line and Plaza sites show similar bimodal diurnal patterns; the patterns for the Plaza (an urban) site are depicted in Figure 2.  Weekdays overlap one another while Saturdays and Sundays each display distinct patterns.  The morning peak, between 6:00-8:00 AM, shows the clearest weekday/Saturday/Sunday deviations in pollutant concentrations.  Saturdays are noticeable lower than weekdays while Sundays have by far the lowest CO and NOy AM concentrations.  These results are very comparable to an August-September, 1991, Aneja study18 conducted in downtown Raleigh, NC.  In Figure 2, Plaza had weekday and weekend AM CO levels of 900 and 550 ppb (vs 900 and 400 ppb in Aneja) and AM NOy weekday and weekend levels of 35 and 20 ppb (vs. 34.4 and 4.8 ppb in Aneja). It is not apparent why NOy weekend levels were so much lower in the Raleigh study.  Similar trends for CO and NOy are also evident at the County Line monitoring site.
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Figure 2.   (A) May-Sep 1995-1998 NOy and (B) May-Sep 1993-1998 CO distributions from the Plaza monitoring site. A diurnal pattern is present during each day.  Sundays and Saturdays deviate from the similar weekday pattern primarily during the morning traffic rush hours.  


Weekday/Weekend Variation in Ambient Ozone Levels

Similar 24-hour concentration plots from 1990-1998 were created for ozone concentrations at the three ambient air monitors.  Plots were based upon hourly average concentrations and maximum 1-hr concentrations.  The overall pattern was unimodal with an increase from 8:00 AM to 2:00 PM followed by a decrease and leveling off into the late evening and early morning hours.  Unlike ambient CO and NOy concentrations, there were no discernable visible differences between weekday and weekend ozone levels.  For ozone, the Charlotte results are somewhat different from Aneja's Raleigh study that showed lower peak ozone (28 ppb weekend vs 38 ppb weekday) weekend levels. The Charlotte data are comparable to a 1978 study that found sites in New York City to have comparable weekday/weekend ozone levels, while precursor weekend levels were lower than weekdays.12  Similarly, there are a number of sites in California where there are comparable weekend/weekday ozone levels and lower weekend precursor levels.19
Weekday/Weekend Variation in Power Plant NOx Emissions

According to the North Carolina DAQ, power plants and motor vehicles account for 75% of the nitrogen oxide emissions in the Charlotte region. Within week variation of power generation NOx emissions is shown in Figures 3A and 3B.  The day of week pattern clearly shows mid-week (Tuesday-Friday) emissions for all four facilities are 5-15% above 7-day averages, with weekend (Saturday-Monday) emissions 5-24% lower than 7-day averages.
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As can be seen from the hourly trends in Figure 3B, Monday AM power plant emissions are the lowest of anytime during the week.  Monday emissions increase sharply during the day, reaching mid-week emission levels by midnight.  End of week emissions decrease slower with downward trends Friday, Saturday and Sunday to weekly lows achieved early Monday morning.   
Figure 3A.  Day of week and hourly variations in NOx emissions from the four coal-fired power plants (Allen, Riverbend, Marshall, and Buck) near Charlotte NC. Nitrogen oxide emissions are clearly the highest during mid-week.
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Figure 3B.  Coal-fired power plant hourly variations in NOx emissions by day of the week during a recent summer season. Note Monday’s sharp rise in emissions during the day.
Trends during the 1990s

Traffic Long-Term Trends 

Figure 4 depicts hourly traffic volumes for the I-77 and South Blvd from 1990-1997.  The I-77 site increased regularly while the South Blvd. site was more variable.  Trends from the other two sites were not included due to missing data between 1992-1995.  At both sites depicted in Figure 4, the evening rush hour traffic appeared to be increasing the most rapidly.  For I-77, 5:00-6:00 PM traffic volumes increased 55%, while South Blvd volumes increased 92%.  Daily average hourly volumes increased 52% and 76% respectively, while 7:00-8:00 AM volumes increased 36% and 52%.  Some of the variability may be attributed to changing traffic patterns because of the opening of the southern Charlotte beltway (I-485) in 1995.  The increase in average daily traffic volume is evident.  The Vehicle Miles Traveled (VMT) is increasing at a faster rate than the population.  Between 1990 and 1997, according to information provided to the authors by the North Carolina DAQ, VMT in Mecklenburg County increased by an annual rate of 4.4%; the I-77 traffic show an annual increase of 5.9%, not surprising since commuter traffic increases at a faster rate than overall VMT.  In support of these trends, Mecklenburg County mobile emissions are higher than average for VOC, NOx and CO pollutants according to EPA standards.20
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Figure 4. Traffic growth trends for the I-77 and South Blvd sites categorized by daily hourly average, AM rush hour, and PM rush hour traffic volumes.

Ambient NOy and CO Long-Term Trends



Long-term trends in average AM ambient concentrations of NOy and CO concentrations are shown in Figure 5.  
Trends for both monitors were somewhat similar; the Plaza site consistently had a considerably higher CO concentration and a slightly higher NOy concentration (except for 2000) than County Line.  From 1995-1998 there appears to be an upward trend at both sites for both CO and NOy. Since 1998, the overall trend in CO is sharply downward at both sites. For NOy, the pattern is mixed with a large increase at the County Line site and a smaller decrease at Plaza.  A review of the County Line 2000 NOy AM data did not provide any reason for the increase—the numbers seem to be consistently high throughout the summer at this site. The size of the increase (20-25%) at County Line in 2000 clearly warrants further scrutiny.
In addition to the 7:00-9:00 AM averages shown in Figure 5, 7:00-8:00 AM averages and hourly average concentrations for each day were evaluated for long-term growth trends.  These averages showed the same trends that are indicated in Figure 5.
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Figure 5.  Yearly trends in May-September average 7:00-9:00 AM NOy and CO levels at County Line and Plaza sites. High 1993 Plaza CO may be due to high sensitivity CO startup. A review of the data did not show why NOy levels rose sharply at County Line in 2000.

In addition to studying the average yearly concentration growth, CO and NOy average May-September concentrations for each day of the week were found.  From 1993-1998, Saturday CO concentrations indicated the greatest increase, followed by Sunday and weekday averages at both monitoring sites.  For NOy during the 1995-1998 period, Plaza and County Line weekday concentrations showed steady increases while weekend NOy concentrations varied from year to year.   

Ambient Ozone Long-Term Trends

Ozone concentration trends between 1990-2000 at the three monitoring sites were determined using the average daily 1-hour maximum and average daily 8-hour maximum for each year.  Figure 6 shows long-term trends in average ozone 8-hour concentrations over the years for all three sites (nearly identical trends were observed for the average 1-hour daily maximum).  For the average daily 8-hour maximum concentration, County Line, Arrowwood and Plaza sites illustrated increases of 29%, 35%, and 29% respectively between 1994 and 1998. An analysis of variance for each of the three locations indicates that the between year differences are significant (p is negligible).  For both 1999 and 2000 at all three sites, May-September ozone averages were less than the previous year, an encouraging sign.  It also appears the long-term ozone trends are quite similar for each of the sites, the ozone monitors also appear to be somewhat redundant. 
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Figure 6.  Yearly trends in the average daily 8-hour maximum ozone concentrations for three Charlotte ambient air monitors. 1993 and 1998 were unusually hot summers.
Coal-Fired Power Plant NOx Emissions Long-Term Trends

Figure 7 shows the 1996-2000 average May-September NOx emissions from the two Gaston County coal-fired p



ower plants.  These facilities are in the process of implementing NOx controls while also meeting the increasing electrical demands due to rapid economic growth in the Charlotte region.  Unlike traffic patterns, power plant emissions appear to be holding steady.  Improved NOx controls appear to somewhat be offsetting the greater demands for electricity.  
Plotting the emission time series for each of the years brought to light that the low 1997 NOx emissions readings were attributable to several weeks of operating at less than full capacity at one of the plants.  This was apparently necessary for installation of pollution abatement controls.  The May-September 1999 period had limited down-time and low emissions.  From this, it appears evident that power plant NOx emissions are stable.  Power plant emissions trends would be expected to trend downward further in the future with the recently announced commitment by Duke Power to substantially reduce NOx emissions over the next five years.
It is interesting to note that the fluctuations in power plant emissions do not appear to fit the observed NOy patterns in Figure 5.  Between 1997 and 1998, there was a significant increase (~15%) in power plant emissions, but there was little to no increase at the two NOy monitors.  Between 1996 and 1997, power plant NOx emissions decreased significantly (~10%), yet during that period, ambient NOy levels increased 5-10% at both Plaza and County Line.  The 1999-2000 increase (~10%) in NOx power plant emissions occur during a period when there is a sharp increase at County Line and a large decrease at Plaza. 
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Figure 7.  NOx emissions for the two coal-fired power plants, Allen and Riverbend, near Charlotte.  Low 1997 emissions are partially attributable to shutdowns.
Figure 8 portrays the tradeoffs between power generation and emissions.  Power generated by the two plants increased 27% between 1996 and 2000, while NOx emissions increased only 4%.  There is a clear downward trend in emissions per unit of electrical power.  Economic growth has increased the demand for power; improved pollution control systems have offset this growth. Total power plant NOx emissions have remained relatively stable in recent years.
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Figure 8. Long-term trends for NOx emissions, power generation, and emissions per megawatt-hour for Allen and Riverbend, the two coal-fired power plants near Charlotte.

It is also interesting to note that the observed 1994-1998 increases in Charlotte ozone readings (Figure 6) occurred during a period of essentially no change and probably a decrease in summertime power plant NOx emissions.  There are no indications from the data presented that reducing these emissions near Charlotte would necessarily lower ozone concentrations.

Long-term Trends in Reactive Hydrocarbons and NMOC/NOy Ratios

Figure 9 shows long-term trends in early morning reactive hydrocarbons and NMOC / NOy ratios at the Plaza monitoring site.  There appears to be a downward trend in hydrocarbon reactivity in recent years.  It is also very noticeable that Charlotte’s NMOC / NOy ratios are predominantly below 10.  Ratios in this range are indicative of a hydrocarbon limited environment.4  These data point to the need to reduce hydrocarbon emissions in Charlotte to limit ozone production.. 
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Figure 9.  Long-term trends in 6:00 –9:00 AM: (A) Hydrocarbons and (B) NMOC / NOy ratios at the Plaza Monitoring Site in Charlotte.  Hydrocarbon levels shown are weighted by reactivity.  NMOC / NOy ratios appear to be primarily in the VOC limited region.

Relationships Among Traffic, Ambient Monitoring, and Power Plant Data

Figure 10 illustrates the 7:00-8:00 AM traffic volume as a percentage of the average day (7-day week).  Calculations for the 5:00-6:00 PM and total daily traffic volume were also determined.  For all these time intervals, traffic volumes were at least 31% lower on Sundays and 18% lower on Saturdays (comparing well to Cardelino's Atlanta study17 showing Sunday reductions of 35-41% and Saturday reductions of 14-26%). The 7:00-8:00 AM traffic volumes illustrated in Figure 8 give the most striking deviations from the average day.  A 67% reduction is observed at all sites on Sunday and a 55% reduction at all sites on Saturday.
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Figure 10. (A) Within week (Mon, Tues-Fri, Sat, Sun) fluctuations for all (A) NOy, CO, traffic, and (B) ozone data.  Ozone data are graphed separately due to the minor deviations among days.

Figure 10 also shows that at least a 10% decrease in CO concentrations and a 7% decrease in NOy concentrations occur on weekends at the County and Plaza sites.  These reductions in CO and NOy correspond to the reductions present in traffic on weekends.  The collective daily fluctuations for the primary pollutants are compared to the variability in traffic as a percentage of the average day (7-day week) in Figure 9.  Not only is there a significant difference in the CO and NOy concentrations during the weekend compared to weekdays, but there also appears to be a significant difference in the concentrations that are present on Mondays. 

P-values for day of week combinations with various parameters are given in Table 2.  P-values correspond to the 7:00-8:00 AM averages of traffic, NOy and CO and the maximum 1-hour ozone average for each day comparison. P-values for Saturday and Sunday traffic counts are significantly different from Tuesday-Friday counts, while Monday patterns are similar (p= 0.7488) to other weekdays.  

Table 2.  P-values for daily fluctuations in traffic, ambient levels, and power plant NOx emissions

	Day Comparison
	Traffic
	CO
	NOy
	Ozone
	Power NOx

	Sun/Tue-Fri
	0
	0
	0
	0.3373
	0

	Mon/Tue-Fri
	0.7488
	0.9473
	0.0381
	0.3484
	0.0023

	Sat/Tue-Fri
	0
	0.0012
	0
	0.4683
	0.0025


Comparable results are seen for ambient CO concentrations.  Interestingly enough, while Monday CO levels are similar (p=0.9473) to other weekdays, Monday NOy concentrations are significantly different (p=0.0381) from Tuesday-Friday weekday readings.  One possible explanation for statistically significant lower NOy Monday readings than other weekdays is due to lower power plant Monday emissions (p=0.0023) from Tuesday-Friday NOx outputs.  This is particularly true when considering that early Monday morning NOx emissions from power plants are lower than any other time during the week.  For ozone, there is little difference between Tuesday-Friday readings and Saturday, Sunday or Monday.  This follows from earlier discussions.  

Aspects that were not taken into account when determining these relationships include wind conditions, temperature conditions and biogenic levels of VOC, NOx due to forests and agriculture activity in the area.  From 1990 EPA estimations, Mecklenburg county has greater than 50 Mg/day of VOCs emissions and less than 3 Mg/day of NOx emissions from biogenic sources.20  Anjea et al. recently studied ozone patterns for three metropolitan areas in North Carolina including Charlotte.  Their study took into account background ozone formation in a rural area from biogenic sources and noticed Charlotte ozone readings were almost double rural background concentrations.21, 22  In addition they incorporated meteorological statistical averages into their calculations. For Charlotte, they found only southwest winds created significant ozone deviations between a downwind monitoring site and the total area average from neighboring monitors.  They attributed the deviations, the number of high ozone days to local mobile sources from nearby highways instead of regional transport.

CONCLUSION

Growth rates (~ 5% annually) in traffic counts from four locations in or near Charlotte, NC, during the 1990’s were comparable to those predicted by VMT growth in Mecklenburg county.  Observed within week traffic patterns were similar to patterns found on urban roads in Atlanta. Friday and Thursday were the most heavily traveled days having average counts 18% and 12% higher than 7-day averages.  Sunday and Saturday were the least traveled days having average counts 31% and 18% lower than 7-day averages. 

For May-September, 1996-2000, power plant NOx emissions from the four major coal-fired facilities near Charlotte, North Carolina remained stable.  During this period, electrical power generated by the two Gaston County plants near Charlotte increased 27%, emissions per unit of power decreased nearly 20% and overall NOx emissions increased only 4%.  Greater power demands from strong economic growth are being offset by improvements in pollution control technology.  This is resulting in stable emissions from coal-fired facilities in the region.

Within week variation of NOx emissions from four coal-fired plants showed peak emissions Tuesday-Thursday that were 10% above the 7-day average.  Sundays had the least NOx emissions, 19% below the daily average, with Mondays and Saturdays having comparable emissions 7.5% below the average.  Monday AM emissions from power plants are the lowest within each week; a sharp increase in emission rates occurs during Mondays.

Ambient CO and NOy readings appeared to be rising in Mecklenburg County between 1994 and 1998.  Since 1998, CO AM averages have decreased at both monitoring sites, while NOy levels have increased at one and decreased at the other.  The year-to-year changes in ambient NOy averages do not appear to reflect changes that occurred in power plant NOx emissions in the region.  

Ambient CO and NOy readings were significantly lower on weekend days than on Tuesday-Friday.  The greatest difference in weekday/weekend CO and  NOy levels occurs during the early morning rush hour period.  Monday CO readings were found to be comparable to other weekdays, while Monday NOy levels were significantly lower than other weekdays.  Since Monday traffic patterns were similar to other weekdays, lower Monday NOy levels may be  attributable to the lower Sunday PM and Monday AM NOx emissions from power plants.

Unlike NOy and CO, weekday and weekend ozone levels in Mecklenburg County were comparable. For the 1990-1998, May-September period, individual day of week average ozone readings were all within 5% of the 7-day average for each of the three monitoring sites; many were within 2% of the 7-day average.  For the three monitoring sites combined, Saturdays had the highest ozone readings with an average that was 2% above the 7-day average; Sundays and Mondays had the lowest ozone readings, with means that were approximately 2% below the 7-day average.  

It is not clear why Charlotte ozone levels are not lower on weekends than on weekdays.  Traffic is much less, power plant emissions are much lower, and ambient NOy and CO concentrations are lower.  Similar and quite different weekday / weekend effects have been found in other studies.  The fact that Charlotte weekend ozone levels are comparable to weekday readings makes it apparent that decreased commuting, fueling, power usuage, and other activities on a given day would appear to have no discernible effect on reducing ozone on that particular day.  Policies to encourage voluntary measures by citizens, businesses and government organizations would be better served to focus on lifestyle changes and business practices that are to be implemented throughout an entire summer ozone season rather than on a particular day.

After decreasing during the early 1990’s, ambient ozone 1-hour and 8-hour daily maxima steadily increased between 1994 and 1998.  For the three Mecklenburg County ozone monitoring sites, ozone average 8-hour concentrations rose between 29% and 34%.  Year to year increases in ozone were found to be statistically significant.  Long-term trends in ozone were remarkably similar for all three Mecklenburg county sites.  Ozone levels decreased in both 1999 and 2000 for all three sites from the previous year.

The 1994-1998 increase in ozone does not appear to be attributable to power plant NOx emissions that have stabilized in recent years as pollution controls have been installed and as ozone levels have risen.  There is no recent evidence from data in the Charlotte region that lower power plant NOx emissions would necessarily lower ambient ozone levels.

An analysis of hydrocarbon to nitrogen oxide ratios for Mecklenburg County indicates that Charlotte’s ozone production appears to be primarily governed by reactive hydrocarbons.  During the past five years, nearly all NMOC / NOy AM ratios have been below 10 with summer median values near five and trending downward.   This points to the primary need to lower hydrocarbon emissions—in place of or in addition to reducing NOx emissions--in Charlotte as the most prudent strategy to lower summertime ozone levels.  This conclusion is consistent with a number of studies indicating that ozone production in urban areas depends primarily on hydrocarbons while rural ozone production tends to be more dependent on nitrogen oxides.

The decrease in ozone that occurred during the early 1990’s (Figure 6) occurred during a period in which lower fuel vapor pressure requirements were implemented.  California has seen a statewide 15-20% decrease in ozone levels between 1992-1994 and 1996-1998, perhaps as a result of the 1995 implementation of a clean fuels program in conjunction with NOx reductions.

Given the uncertainty concerning how the Charlotte’s ozone production responds to changes in precursor concentrations and the fact that 1995-1999 median NMOC / NOy AM ratios in Charlotte were near 5, current policies to focus primarily on reducing NOx emissions to lower ozone levels in Charlotte may need to be reexamined. Simultaneous reduction of both reactive hydrocarbons and nitrogen oxides would appear to be a more prudent approach, particularly in light of what has occurred in recent years.
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		Average		7		1123		736		618		525		545		761		1322		1812		2328		3014		3552		3784		3688		3548		3616		3633		3465		3295		3213		2693		2077		2037		2007		1503		54893

																																																								Power(-1)

		Count		1		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		65		0.0153846154

		Count		2		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		59		0.0169491525

		Count		3		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		57		0.0175438596

		Count		4		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		61		0.0163934426

		Count		5		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		67		0.0149253731

		Count		6		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		64		0.015625

		Count		7		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		69		0.0144927536





Day of week traffic

		976.7538461538		676.9152542373		697.0175438596		734.7213114754		822.0895522388		911.65625		1122.8550724638

		604.8153846154		406.2542372881		421.5964912281		448.131147541		483.1194029851		542.46875		735.7971014493

		460.5846153846		350.3389830508		366.8245614035		387.6885245902		426.328358209		464.828125		618.0289855072

		352.7538461538		350.9491525424		360.8947368421		374.9508196721		412.8656716418		449.875		524.6666666667

		307.2769230769		462.7966101695		455.4035087719		486.262295082		505.2537313433		548.65625		545.0724637681

		365.1692307692		1044.7118644068		999.1754385965		1024.8852459016		1053.4925373134		1030.703125		760.7826086957

		646.8461538462		2962.6610169492		2917.4035087719		2962.5245901639		2976.7462686567		2758.65625		1322.1594202899

		955.7538461538		4479.2711864407		4443.1754385965		4504.3114754098		4504.2537313433		4307.421875		1811.8115942029

		1371.2		3246.6610169492		3259.5087719298		3344.262295082		3400.7611940298		3327.875		2328.2898550725

		1925.6		2618.8644067797		2589.4385964912		2602.3278688525		2711.3134328358		2764.875		3013.8550724638

		2396.1846153846		2626.4237288136		2559.4385964912		2585.3606557377		2737.7611940298		2924.15625		3552.4782608696

		2634.7384615385		2666.6610169492		2570.9649122807		2653.4590163934		2816.5074626866		3145.59375		3783.8985507246

		2790.6923076923		2668.2203389831		2596.350877193		2707.1475409836		2878.1044776119		3275.265625		3687.7971014493

		2918.8769230769		2694.5084745763		2665.1228070175		2761.737704918		2973.1343283582		3375.796875		3547.7826086957

		3082.9538461539		3003.2881355932		2988.2105263158		3146.3442622951		3416.447761194		3826.71875		3616.0579710145

		3201.4		3617.3728813559		3645.5087719298		3814.131147541		4072.1641791045		4499.515625		3632.8550724638

		3202.2615384615		3957.4745762712		4033.6315789474		4140.6721311475		4419.9104477612		4724.25		3464.5942028986

		3211.6307692308		4374.9491525424		4437.9122807018		4497.0655737705		4683.0597014925		4797.109375		3295.2608695652

		3150.0615384615		3160.5084745763		3221.0701754386		3327.3934426229		3613.7910447761		4053.84375		3212.9855072464

		2471.1076923077		2245.406779661		2278.3157894737		2390.2950819672		2628.9701492537		3234.21875		2692.5797101449

		2017.0769230769		1702.4745762712		1761.4561403509		1849.7540983607		2025.6268656716		2419.09375		2077.0869565217

		1844.3692307692		1570.813559322		1629.7719298246		1710.2786885246		1866.0447761194		2186.515625		2036.8985507246

		1507.8615384615		1363.5254237288		1408.6140350877		1497.9180327869		1643.5820895522		2034.546875		2007.1739130435

		1075.0307692308		1088.8813559322		1130.2631578947		1224.1967213115		1358.8059701493		1704.796875		1502.652173913



&CData taken from SCDOT I-77 Carowinds Site from June-August 1990-1998
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I-77 Traffic Volume vs Time of Day



traffic summary graphs

		676.9152542373		697.0175438596		734.7213114754		822.0895522388		911.65625

		406.2542372881		421.5964912281		448.131147541		483.1194029851		542.46875

		350.3389830508		366.8245614035		387.6885245902		426.328358209		464.828125

		350.9491525424		360.8947368421		374.9508196721		412.8656716418		449.875

		462.7966101695		455.4035087719		486.262295082		505.2537313433		548.65625

		1044.7118644068		999.1754385965		1024.8852459016		1053.4925373134		1030.703125

		2962.6610169492		2917.4035087719		2962.5245901639		2976.7462686567		2758.65625

		4479.2711864407		4443.1754385965		4504.3114754098		4504.2537313433		4307.421875

		3246.6610169492		3259.5087719298		3344.262295082		3400.7611940298		3327.875

		2618.8644067797		2589.4385964912		2602.3278688525		2711.3134328358		2764.875

		2626.4237288136		2559.4385964912		2585.3606557377		2737.7611940298		2924.15625

		2666.6610169492		2570.9649122807		2653.4590163934		2816.5074626866		3145.59375

		2668.2203389831		2596.350877193		2707.1475409836		2878.1044776119		3275.265625

		2694.5084745763		2665.1228070175		2761.737704918		2973.1343283582		3375.796875

		3003.2881355932		2988.2105263158		3146.3442622951		3416.447761194		3826.71875

		3617.3728813559		3645.5087719298		3814.131147541		4072.1641791045		4499.515625

		3957.4745762712		4033.6315789474		4140.6721311475		4419.9104477612		4724.25

		4374.9491525424		4437.9122807018		4497.0655737705		4683.0597014925		4797.109375

		3160.5084745763		3221.0701754386		3327.3934426229		3613.7910447761		4053.84375

		2245.406779661		2278.3157894737		2390.2950819672		2628.9701492537		3234.21875

		1702.4745762712		1761.4561403509		1849.7540983607		2025.6268656716		2419.09375

		1570.813559322		1629.7719298246		1710.2786885246		1866.0447761194		2186.515625

		1363.5254237288		1408.6140350877		1497.9180327869		1643.5820895522		2034.546875

		1088.8813559322		1130.2631578947		1224.1967213115		1358.8059701493		1704.796875
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CO and NO Trends

		



&CData taken from SCDOT I-77 Carowinds Site from June-August 1990-1998
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Sunday

Saturday
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Traffic Volume (number of vehicles/hour)

I-77 Traffic Volume vs Time of Day



Sheet2

		38537.9230769231		39226.4285714286		40156.9166666667		39418.6666666667		42391.75		45611.25		50115.5		56068.1

		46668		46331.4		47913.6666666667		48411		54386		59210		62689		70014

		46436.3636363636		46597.5		48581.5833333333		49231.5555555556		54480		59144		63947.25		69661.2

		46547.1818181818		49167.6		50558.2307692308		51255.4		54931.6666666667		61043		68107.5		71395.1

		49686.5		49084.1428571429		53701.9166666667		53733.2		58108		64505.3333333333		67682		75411.1538461538

		54924.6153846154		53538.8571428571		56496.1818181818		59285.6		64413		71535.6666666667		72835		82927.7272727273

		46361.6153846154		48395.4285714286		50149.1818181818		49691.1666666667		54172		57313.75		62377.8333333333		73169.3333333333
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Day of Week

Avg. Total Traffic Volume (Cars/day)

I-77 Total Traffic Volume vs Day of Week
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Day of Week

Evening Rush Hour (17:00 - 19:00) Traffic  Volume

I-77 Evening Rush Hour vs Day of Week

8331.9230769231

4669.7692307692

8264.0769230769

6092.6923076923

2915.4615384615

3040.3846153846

5045.2307692308

8784.5

9114.3076923077

3831.9230769231

8815.4285714286

6310.3846153846

4602.9230769231

3016.8461538462

5135.6923076923

10654.6153846154

8328.8461538462

4642.0769230769

9697.3076923077

6746.7857142857

3673.6153846154

1026.6923076923

4440.5384615385

12192.7692307692

8309.7692307692

4059.9230769231

10763.1538461538

8454.4615384615

5156.7142857143

2096.5384615385

4612.4615384615

12294.3846153846

9949.8461538462

5621.6153846154

10629.2307692308

8882.9230769231

5983.9230769231

3093.2857142857

4573.8461538461

16567.6153846154

10813.7857142857

6095.2307692308

10032.3076923077

9659.1538461538

4389.5384615385

3731.0769230769

5992.1538461539

15286.6923076923

8277.5384615385

4469.5714285714

7717.1538461539

8236.1538461538

2967

3279.3076923077

4873.5

12393.8461538462



		S		1446.3076923077		2596.3076923077		1935.3076923077		901.0769230769		1000.0769230769		1608.6153846154		2531.3571428571

		M		3535.4615384615		8340.2142857143		5822.6923076923		4393.0769230769		2488		4951.1538461539		9508.4615384615

		T		4315.6923076923		9137		6523.0714285714		3361.3846153846		924.0769230769		3718.4615384615		10149.3076923077

		W		3548.0769230769		9949.3846153846		7897		4757.9285714286		1805.2307692308		3985.8461538462		10471.8461538462

		R		4856.9230769231		9303.9230769231		7899.0769230769		5138.6153846154		2569.7857142857		3999		13532.6923076923

		F		4535.8461538461		7894.1538461539		7671.6923076923		3402.4615384615		2708.1538461538		4614.7692307692		11054.9230769231

		SA		2368.4285714286		4269.8461538461		4650.3076923077		1715.3846153846		1771.5384615385		2788.7857142857		6370.7692307692
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Morning Rush Hour (7-9) Traffic Volume

I-77 Morning Rush Hour Traffic Volume from June-August vs Day of Week

2655.2307692308

8829.1538461538

7934.2307692308

7947.6923076923

8585.2307692308

8624.7857142857

4660.2307692308



		1990
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		1992
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Year

Avg Daily Traffic Volume (cars/day)

I-77 Total Traffic Volume from June-August vs Year

47021.0235294118

47472.5909090909

49573.5542168675

50355.5294117647

54908.9393939394

58934.15

63280.2058823529

71626.0266666667



		



Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Time of Day (Hour)

Hourly  Volume

I-77 Traffic Volume vs Time of Day



		Date		Year		Weekday		8:00 S		18:00 S		Total S		Hour		8:00 G		18:00 G		Total G		Hour		8:00 W		18:00 W		Total W		Hour		8:00 77		18:00 77		Total 77		Hour		0.0416666667

		1990		1990 Average				1485.1666666667		1900.7291666667		25128.875		1047.044834625		1267.2		1277.7666666667		16761.8666666667		698.4166984		2003.9292929293		2304.0707070707		32271.0505050505		1344.6378613939		3232.3456790124		3582.7283950617		47233.4691358025		1968.0769584815

		1991		1991 Average				1500.7711864407		1925.7966101695		24723.4491525424		1030.151955839		1146.0495867769		1079.2975206612		14865.8016528926		619.4133574711		2193.6916666667		2562.9166666667		34926.4333333333		1455.2796977		2927		3584.7954545454		47472.5909090909		1978.0404454091

		1992		1992 Average				1486.0743243243		1963.277027027		24077.0810810811		1003.2197374054										2254.0697674419		2921		38099.4186046512		1587.488475		3331.3855421687		3757.265060241		49573.5542168675		2065.5812835542

		1993		1993 Average				1693.6880733945		2176.2110091743		26871.4311926606		1119.6519235046										2275.2266666667		2594.1333333333		34339.6733333333		1430.83116878		3309.9411764706		3757.3382352941		50355.5294117647		2098.163844

		1994		1994 Average				1775.0786516854		2730.1685393258		33093.5730337079		1378.9099075955																		3815.7272727273		4409.7878787879		54908.9393939394		2287.8907777273

		1995		1995 Average				1676.4322033898		2552.1186440678		32002.3898305085		1333.4435770678		2055.4189189189		2015.0810810811		22895.2162162162		953.9749740811		1939.9056603774		2441.320754717		28562.5188679245		1190.1144736698		3419.15		4575.2		58934.15		2455.60922805

		1996		1996 Average				2360.3070866142		3644.1653543307		44913.9606299213		1871.4299975669		1887.9121621622		1973.7364864865		22734.9662162162		947.2978373311		1900.612244898		2427.2108843537		30197.4965986395		1258.2390907755		4064.8983050848		5092.0677966102		66179.9491525424		2757.519941339

		1997		1997 Average				2250.3103448276		3677.2896551724		44282.8344827586		1845.1328643931		1719.1044776119		2077.6194029851		22195.6865671642		924.827672194		1852.5675675676		2432.7927927928		29456.2882882883		1227.3551641081		4411.6133333333		5550.12		71626.0266666667		2984.44165312

		1998		1998 Average				2332.3666666667		3751.9166666667		44951.9166666667		1873.01151175		1729.6666666667		1982.9333333333		22005.1333333333		916.8878906		1977		2377.6666666667		29509.3333333333		1229.565392
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8:00 Traffic

18:00 Traffic

Year

Average Traffic Volume (cars/hour)

South Blvd Traffic Growth vs Year



		



Average Hourly Traffic

8:00 Traffic

18:00 Traffic

Year

Average Traffic Volume (cars/hour)

I-77 Traffic Growth vs Year



		Year		Noy 7-9 am				Noy 8 am				Noy avg Hour				CO 7-9 am

				County		Plaza		County		Plaza		County		Plaza		County		Plaza

		1993														395.318		715.023

		1994														428.74		625.543

		1995		22.35		24.493		23.917		25.321		14.697		18.568		492.91		658.896

		1996		25.608		28.551		27.016		29.842		16.452		20.356		492.34		632.762

		1997		26.943		30.06		28.253		31.101		16.456		21.352		463.626		658.34

		1998		27.406		29.22		29.022		30.005		17.815		21.579		524.0341		688.374
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		Year		Noy 7-9 am				Noy 8 am				Noy avg Hour				CO 7-9 am

				County		Plaza		County		Plaza		County		Plaza		County		Plaza

		1993														395.318		715.023

		1994														428.74		625.543

		1995		22.35		24.493		23.917		25.321		14.697		18.568		492.91		658.896

		1996		25.608		28.551		27.016		29.842		16.452		20.356		492.34		632.762

		1997		26.943		30.06		28.253		31.101		16.456		21.352		463.626		658.34

		1998		27.406		29.22		29.022		30.005		17.815		21.579		524.0341		688.374
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Average Hour Traffic

8:00 Traffic

18:00 Traffic

Year

Average Traffic Volume (cars/hour)

South Blvd Traffic Growth vs Year

1047.044834625

1485.1666666667
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1925.7966101695

1003.2197374054

1486.0743243243

1963.277027027

1119.6519235046

1693.6880733945

2176.2110091743

1378.9099075955

1775.0786516854

2730.1685393258

1333.4435770678

1676.4322033898

2552.1186440678

1871.4299975669

2360.3070866142

3644.1653543307

1845.1328643931

2250.3103448276

3677.2896551724

1873.01151175

2332.3666666667

3751.9166666667



traffic summary graphs

		Date		Year		Weekday		8:00 S		18:00 S		Total S		Hour		8:00 G		18:00 G		Total G		Hour		8:00 W		18:00 W		Total W		Hour		8:00 77		18:00 77		Total 77		Hour		0.0416666667

		1990		1990 Average				1485.1666666667		1900.7291666667		25128.875		1047.044834625		1267.2		1277.7666666667		16761.8666666667		698.4166984		2003.9292929293		2304.0707070707		32271.0505050505		1344.6378613939		3232.3456790124		3582.7283950617		47233.4691358025		1968.0769584815

		1991		1991 Average				1500.7711864407		1925.7966101695		24723.4491525424		1030.151955839		1146.0495867769		1079.2975206612		14865.8016528926		619.4133574711		2193.6916666667		2562.9166666667		34926.4333333333		1455.2796977		2927		3584.7954545454		47472.5909090909		1978.0404454091

		1992		1992 Average				1486.0743243243		1963.277027027		24077.0810810811		1003.2197374054										2254.0697674419		2921		38099.4186046512		1587.488475		3331.3855421687		3757.265060241		49573.5542168675		2065.5812835542

		1993		1993 Average				1693.6880733945		2176.2110091743		26871.4311926606		1119.6519235046										2275.2266666667		2594.1333333333		34339.6733333333		1430.83116878		3309.9411764706		3757.3382352941		50355.5294117647		2098.163844

		1994		1994 Average				1775.0786516854		2730.1685393258		33093.5730337079		1378.9099075955																		3815.7272727273		4409.7878787879		54908.9393939394		2287.8907777273

		1995		1995 Average				1676.4322033898		2552.1186440678		32002.3898305085		1333.4435770678		2055.4189189189		2015.0810810811		22895.2162162162		953.9749740811		1939.9056603774		2441.320754717		28562.5188679245		1190.1144736698		3419.15		4575.2		58934.15		2455.60922805

		1996		1996 Average				2360.3070866142		3644.1653543307		44913.9606299213		1871.4299975669		1887.9121621622		1973.7364864865		22734.9662162162		947.2978373311		1900.612244898		2427.2108843537		30197.4965986395		1258.2390907755		4064.8983050848		5092.0677966102		66179.9491525424		2757.519941339

		1997		1997 Average				2250.3103448276		3677.2896551724		44282.8344827586		1845.1328643931		1719.1044776119		2077.6194029851		22195.6865671642		924.827672194		1852.5675675676		2432.7927927928		29456.2882882883		1227.3551641081		4411.6133333333		5550.12		71626.0266666667		2984.44165312

		1998		1998 Average				2332.3666666667		3751.9166666667		44951.9166666667		1873.01151175		1729.6666666667		1982.9333333333		22005.1333333333		916.8878906		1977		2377.6666666667		29509.3333333333		1229.565392
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Sheet2

		Year		Noy 7-9 am				Noy 8 am				Noy avg Hour				CO 7-9 am

				County		Plaza		County		Plaza		County		Plaza		County		Plaza

		1993														395.318		715.023

		1994														428.74		625.543

		1995		22.35		24.493		23.917		25.321		14.697		18.568		492.91		658.896

		1996		25.608		28.551		27.016		29.842		16.452		20.356		492.34		632.762

		1997		26.943		30.06		28.253		31.101		16.456		21.352		463.626		658.34

		1998		27.406		29.22		29.022		30.005		17.815		21.579		524.0341		688.374
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