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using the system. 
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A Sensitivity Evaluation of EPA's CAL3QHC Dispersion Model for Carbon
 
Monoxide Analysis at Urban Intersections
 

I. INTRODUCTION 

I.1 Problem Statement 

Transportation projects using federal aid funds at microscale sites (e.g. at 

intersections) must be shown to meet the carbon monoxide (CO) standard. 

Transportation agencies are required in the EPA Guideline for Modeling Carbon 

Monoxide from Roadway Intersections (USEPA, 1992a) to use CAL3QHC to 

determine this status. CAL3QHC is known to be conservative in nature and has been 

subjected to a MOBILE5a CO emission rate increase of over 40% since 1993. Areas 

in New York City and Boston have modeled violations of the CO standard when 

actual CO observations are well within the standard. Due to these discrepancies, the 

Environmental Protection Agency (EPA) is attempting to revise CAL3QHC to more 

closely reflect actual CO measurements, and the validity of the proposed revisions 

needs to be examined. In addition to the proposed CAL3QHC revisions, there is also 

a fundamental need to better understand the real world conditions under which high 

levels of CO are occurring. 

1.2 Study Goals and Objectives 

The purpose of this work is twofold. First, this study examines proposed 

CAL3QHC revisions that are currently under consideration at EPA. It has been 

suggested that meteorological measurements taken at "nearby" airports may be 

incorporated on an hourly basis in the model rather than using the recommended 

single scenario of "worst case" meteorological conditions. The data analysis of this 

study provides support for few of the proposed changes. Rather, it indicates that EPA 
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should proceed with caution in most changes due to the sensitivity of CAL3QHC to 

parameters such as wind speed. Recommendations for making improvements to the 

model and the process by which the revisions are made are also included. 

Second, this report will provide an educational basis for modelers that are 

interested in mobile source air quality modeling (specifically hot spot analysis) but 

may not be familiar with the transportation or air quality community. Emphasis on air 

quality is increasing in the Department of Transportation due to the Clean Air Act 

Amendments of 1990, and there is a need to draw qualified modelers with fresh ideas 

into the field of air quality modeling. 

1.3 Study Scope 

The scope of the data analysis in this study focuses on hourly CO readings 

measured on a microscale level at urban intersections. Comparisons are then made 

with the corresponding hourly measurements for wind speed, wind direction, and 

temperature taken concurrently at the same site. Three sites were chosen for the 

analysis which serves to gain insight to the real world phenomenon of CO dispersion 

at intersections. Actual measurements of CO and meteorological data are compared 

with the default worst case conditions recommended for CAL3QHC. The analysis 

also extends to include investigation of the proposed use of nearby airport 

meteorological data in microscale intersection modeling. 
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H. REVIEW of the CAL3QHC DISPERSION MODEL 

The Model 

11.1.1 Overview and Purpose 

CAL3QHC was released by EPA in 1990 to model the dispersion of carbon 

monoxide (CO) concentrations at traffic intersections. Its intended purpose is to 

predict CO concentrations on a microscale level (i.e. at an intersection rather than an 

entire region) and determine if intersections modeled meet the National Ambient Air 

lity Standards (NAAQS) for CO levels. This is referred to as "hot spot" analysis. 

In a given year, NAAQS standards allow an area only one exceedence of 35 parts per 

million (ppm) CO in any one hour period and 9 ppm in any averaged non-overlapping 

eight hour period. If an area meets the standards, it is said to be in "attainment." 

Areas that are nonattainment for CO must perform hot spot conformity analysis for 

specific projects that need federal approval or funding. The projects that require 

funding or approval from the Federal Highway Administration (FHWA) or Federal 

Transit Administration (FTA) must also be included in a conforming Transportation 

Improvement Program (TIP) which exhibits an overall reduction of CO in the entire 

nonattainment area. 

EPA regulation requires the use of CAL3QHC in nonattainment areas to 

demonstrate whether individual projects will add new violations of the CO standard. 

If the modeling predicts a project will violate the CO standard, the project must either 

be redesigned and another analysis done, or the project is terminated. The impact of 

CAL3QHC results can be quite dramatic, even though the model itself is known to be 

conservative with large uncertainties. Because of the uncertainties associated with it 

and its required use, CAL3QHC has become a hot topic in some circles of the 

transportation and air quality communities. 



4 

11.1.2 Model Components 

Line dispersion model 

CALINE3 is a Gaussian line source dispersion model developed in 1978 by 

California DOT (Cal Trans) to model the dispersion of CO concentrations on 

continuous, infinite, straight-line roadways where traffic is free-flowing at a constant 

speed. (Benson, 1979) A Gaussian or normal distribution is used to describe the 

spread of CO in both horizontal and vertical directions. CAL3QHC employs 

CALINE3 to model CO dispersion. Intersections, however, are not continuous lines, 

and in order to better use CALINE3 calculations, the intersection is broken down into 

links: free flow links (approach and departure) and queue links. (See Figure II.1) 

Each link in the intersection may have a different average vehicle speed or volume of 

vehicles. The pollutant is dispersed according to CALINE3 for each link, and 

contributions from each link are added to obtain a CO concentration at a particular 

location or receptor site. 
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Figure II. 1. Example Intersection. 

Traffic modeling 

Modeling intersections also requires a traffic component that incorporates the 

signal timing, vehicle delays or idling, queueing, and traffic flow. This part of 

CAL3QHC is based on the Transportation Research Boards Highway Capacity 

Manual (HCM) of 1985 that provides techniques for determining traffic flow at 

intersections. In HCM,_ procedures are given for designing intersections as are 

methods for improving congested intersections. CAL3QHC adapts HCMs use of 

signal timing, lane saturation flow rates (i.e. number of vehicles able to travel through 

a lane), and a capacity ratio (i.e. demand volume/intersection capacity) to determine a 

queue length. 
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11.1.3 Model Inputs 

There are four categories of inputs required to run CAL3QHC: emission 

factors, meteorology, traffic flow, and site geometry. (See Figure 11.2) 

Emissions 

In order to observe CO concentrations, an emission source is needed. In the 

case of intersections, emissions come from mobile sources (vehicles) and ambient 

background concentrations. The EPA Office of Mobile Sources (OMS) created an 

emission factor model, MOBILE, to produce an average emission factor per vehicle 

which is the source of CO for CAL3QHC. The current version, MOBILE5a, 

calculates a single emission factor to represent an entire fleet of vehicles operating at a 

constant speed and can also be used to produce a single emission factor for vehicles 

that are idling. Much of the vehicle activity in an intersection is comprised of idling. 

Idling vehicles spend the longest time in the intersection, thus having a larger impact 

on the intersection's air quality than cruising vehicles. (Benson, 1984a; Sierra 

Research, 1993) 

Separate from CAL3QHC, MOBILE5a is a complex model that attempts to 

calculate an emission factor based on the relationships between numerous variables. 

Nearly all of these variables must be estimated. Some parameters include vehicle fleet 

characteristics such as vehicle type, age, and annual mileage distributions, as well as 

fuel characteristics, pollutant evaporation behavior, average vehicle speed, and ambient 

temperature. Much of the data used to update this model and estimate its parameters 

comes from annual vehicle registrations, inspection and maintenance programs which 

are not required in all states, and Federal Testing Procedures that test new vehicle 

models before they are put on the market. Because many parameters must be 
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estimated, there is an unknown amount of uncertainty associated with the MOBILE5a 

results, but uncertainty is assumed by some experts to be high. (Schewe, 1994; 

Shattenek, 1994) 

Meteorology 

Meteorological data (met-data) is extremely influential in determining 

CAL3QHC results. At this time, some of the relationships between emissions and 

meteorology and their respective importance in dispersion are only generally 

understood and poorly understood in violation conditions. Meteorological conditions 

cause pollutants to disperse in the air and include wind speed, wind direction, and 

atmospheric stability or turbulence. The individual importance or contribution of wind 

speed, wind direction, and atmospheric stability to CO dispersion is also relatively 

unknown. 

EPA has recommended that CAL3QHC users model with a default "worst 

case" meteorological condition. (USEPA, 1992b) Worst case conditions are thought to 

be when winds are calm (less than one meter per second, 1 m/s,) with a stable 

atmosphere. It is assumed that these conditions will cause air pollutants to accumulate 

without dispersing, thus increasing concentrations. The Gaussian methodology, 

however, will not accept a wind speed of less than 1 m/s. The methodology requires a 

uniform wind field which cannot be determined at speeds less than 1 m/s. Therefore, 

worst case conditions for modeling purposes are defined with a wind speed of 1 m/s. 

Atmospheric stability is given a classification of A through F, with F being the most 

stable. It is assumed that urban traffic creates some of its own turbulence so stability 

class D is recommended. Also, as input for the MOBILE model, ambient temperature 

can be determined in two ways. First, the average temperature for the highest 8 hour 

CO concentrations over the last 3 years may be used; or second, the average January 

temperature may be substituted for ambient temperature. CO concentrations tend to 
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increase during winter months (at lower temperatures); therefore the CO "season" is 

said to run from October to March or April. (USEPA, 1992a) 

Traffic flow 

The third input for CAL3QHC contains information about traffic behavior at a 

particular intersection. This includes traffic volumes, intersection saturation flow rates 

(vehicles/hour/lane), and signal characteristics such as the type of signal, average red 

or green time, and the average start-up delay. This data is usually estimated by traffic 

engineers that are familiar with the area or is collected directly at the site for the 

purposes of using CAL3QHC. 

Site geometry 

The final parameters are related to the intersection geometry. These include 

link characteristics, number of lanes, CO receptor locations, the intersection grade (e.g. 

elevated, sunken, or level) and surface roughness which refers to the height and 

density of buildings or environment surrounding the intersection. The intersection is 

set up on a coordinate grid to determine relative locations of link endpoints and CO 

monitors. 

11.1.4 Model Outputs 

CAL3QHC reads an input file with the above information and returns a listing 

of all CO concentration predictions for each CO receptor every 10° of wind direction 

from 0° - 360°. [Please see the Appendix for a sample input and output file.] 



Emissions 
Vehicle Speed 
Temperature 
Fleet Characteristics 
Fuel Characteristics 

MOBILE5a 

Emission Factor 

CAL3QHC 

*CALI NE3 
*HCM'85 

CO Concentration by 
Recpetor and Wind Direction 

Meteorology 
Wind Speed 
Stability Class 
Temperature 

Traffic Flow 
Traffic Volumes 
Signal Timing 
Capacity 

Site Geometry 
Lane Configurations 
Receptor Coordinates 

Figure 11.2. CAL3QHC input and output flow chart. 

11.2 CAL3QHC Users 

CAL3QHC is used by any agency sponsoring transportation projects that 

require the use of federal highway aid funds and are located in CO non-attainment 

areas. Sponsoring agencies are those that are generally responsible for development 

and operation of transportation facilities. They most often include state highway 

departments, county transportation agencies, city traffic offices, and transit agencies. 

Of the federal highway aid program funds, about $16 billion per year, it is estimated 
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that up to one third is effected by CO non-attainment areas which are required to use 

CAL3QHC to model specific projects. (Schoeneberg, 1994) 

11.3 Governing CAL3QHC 

CAL3QHC is EPA's model, and they retain responsibility for its components 

and the regulation that requires its use. In November of 1993, EPA's final 

"conformity" rule was promulgated and stipulates that areas must have a long range 

plan and Transportation Improvement Plan (TIP) that pass the conformity criteria' 

before transportation projects included in the TIP may be funded. For individual 

projects, CAL3QHC is then used to show a reduction in violations. If CAL3QHC's 

results show otherwise, project level conformity determinations cannot be made, and 

the project must be redesigned to reduce or eliminate CO violations. 

Although the conformity regulation and guidance was developed and is 

maintained by EPA, FHWA and FTA are the agencies responsible for making sure all 

federal requirements are met before federal aid funding can be approved. FHWA and 

FTA are required to enforce the use of CAL3QHC and other regulations where 

appropriate. If the conditions are not met or properly presented, funding could be 

denied and projects shut down. In addition to overseeing the use of CAL3QHC, 

FHWA also provides some training and technical support for model users and 

maintains a link between the model users and EPA. 

' The specific conformity criteria and the interpretation of the regulation is still being 
discussed by FHWA and EPA and is addressed here only to place CAL3QHC in context 
with the regulation. 
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11.4 Model Limitations 

11.4.1 General 

In general, all models have limitations. Describing real world phenomena in
 

mathematical terms invariably requires some simplification of the process or certain
 

assumptions to be made. To properly build and use a model, it is necessary to first 

understand the physical phenomena being modeled; second, apply reasonable 

mathematical equations; and third, acknowledge the limitations of the model and use it 
only when appropriate. 

11.4.1.1 Physical Understanding 

In air quality dispersion modeling, the current understanding of the physical 

phenomena is far from complete. The relationships between traffic volumes and 

driving behaviors, vehicle emissions, and corresponding meteorology are complex and 

somewhat unpredictable. Each piece of the dispersion pi1771e has its own set of 

uncertainties, many of which are unquantifiable, and a dispersion model is an attempt 

to combine these pieces in a way that produces reasonable results that decision makers 

can trust. Being able to trust results stems from confidence in our understanding of 

real world dispersion characteristics and the ability to transpose that knowledge into a 

useful model. 

11.4.1.2 Data Collection 

Where is this confidence and knowledge found? It is found with data 

collection and analyses. The process of data collection brings up many issues on its 
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own (e.g. accuracy, relevance, bias) that are beyond the scope of this work; however, 

Donald Norman brings up a timely point in his latest book Things That Mike Us 

Smart. 

We are in the midst of what some people call "the information explosion," but 
there is too much information for anyone to assimilate, the information is of 
doubtful quality, and perhaps most important, the things we collect statistics 
about are primarily those things that are easiest to identify and count or 
measure which may have little or no connection with those factors of 
greatest importance. (Norman, 1993) 

From a practical standpoint, much of the CAL3QHC analysis that has been done (this 

work included) tends to extract information from data that is readily available or more 

easily collected (e.g. National Weather Service meteorological data) than data that is 

difficult to quantify or difficult to collect (e.g. driver behavior). Studies that include 

rigorous data collection are unfortunately often restricted by resources or time and are 

limited to short term collection and analysis. 

There are several respectable studies related to CO intersection modeling and 

meteorology that have painstakingly collected their own data and have produced 

valuable results. (Zamurs and Piracci, 1982; Nokes and Benson, 1985; Shattenek and 

Ginzburg, 1994) These, however, are generally limited to a few weeks or months 

worth of monitoring at a small number of sites; and the information, if it is to be used 

to improve the models, must be interpreted broadly. A few weeks worth of data from 

one location must then be expanded to describe all CO seasons (October through 

April) for any year and describe other locations across the nation as well. Although 

statistically difficult to support, for practical reasons, drawing broad conclusions from 

narrow data sets is a common occurrence in the air quality field. For example, to 

develop a basic emissions rate for heavy-duty gasoline vehicles, a total of 18 engines 

representing the model years 1979 to 1982 were tested by EPA, and the results were 

extended to describe the entire national fleet of heavy-duty gasoline vehicles for all 

model years. (Sierra Research, 1993) The difficulties of obtaining data to further the 
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knowledge of air quality dispersion must either be overcome or the modeling 

community will need to accept a limited understanding. 

Role of data collection 

Data collection can be a double-edged sword. If obtained properly, reliable 

data can produce valuable information. However, data collection, particularly in air 

quality, can be extremely costly in terms of the equipment required and the amount 

of time spent calibrating equipment, monitoring and reducing data Because of its 

cost, data collection should take on two different roles in the air quality analysis 

process. 

First, from the model development perspective, extensive data collection and 

analysis should be undertaken to gain insight to understanding air quality phenomena. 

The information from data collection and analyses is a critical part of a long term 

solution to building more reliable models. In addition to collecting new 

measurements, air quality analyzers should also be sure to exploit data already 

available, such as EPA's Aerometric Information Retrieval System (AIRS) database. 

Cost effective research requires a balance between collecting new raw data and using 

existing data to search out new information. 

Second, from a model user's perspective, data collection should be minimal. 

User's want a model that is fairly easy to use in a timely manner. A goal of minimal 

effort paired with fast and precise results may not be attainable at this time. Less 

specific user input would require the behavior of air quality dispersion to be universal 

in nature, but each intersection has its own set of traffic and meteorological 

characteristics which directly effect CO concentrations. Also, if future efforts in 

model improvements conclude that a "best estimate" of parameters such as traffic flow 

is not sufficient to produce more precise results, then increased specific site data will 

be needed. In a New York study (Molina, 1990), researchers found it took about 40 

hours to reduce just one hour of traffic video tape at one intersection into the 
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necessary figures. (Zamurs, 1994) Most CAL3QHC users do not have the resources 

to devote to this type of data collection, and users may find themselves in a race to 

improve collection methods or change how the model is used. 

It is questionable whether or not an improved universal model can be 

developed because of the varying conditions observed in different terrains or locations, 

and increased data collection on the part of the user may be necessary to truly improve 

a dispersion model. Hopefully, with more long term research, data collection and 

analyses, researchers will be able to better understand the physics behind air pollution 

dispersion and consequently build a more reliable model with less uncertainty. 

11.4.1.3 Proper Use 

Finally, once a model is built with reliable data and the best mathematical tools 

available, it is essential that it be used properly. All assumptions and limitations 

associated with a model must be fully incorporated into the interpretation of the 

results. Models should be used for their intended purpose (i.e. scenarios for which 

they have been satisfactorily validated), and alternative methods of analysis should be 

used in situations for which a model has not been validated or has failed validation. 

A key component of assuring a model will be used properly is to develop 

comprehensive guidance to be distributed to all users. Well written guidance is an 

effective way to give users understanding of model limitations and provide consistency 

of results when making regulatory decisions on a nation-wide basis. 

11.4.2 CAL3QHC's Limitations 

In addition to the list of "limitations and recommendations" in the User's Guide 

to CAL3QHC Version 2.0 (USEPA, 1992b), there are several key issues included here 

that are not stated or thoroughly discussed in the manual. 
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11.4.2.1 Gaussian Equation 

Model developers must question the validity of assuming a Gaussian 

distribution for CO dispersion. The equation was originally used for stationary point 

source emissions in a uniform wind field traveling along the x-axis. It describes the 

dispersion of an emission plume as a Gaussian or normal distribution in both the 

horizontal and vertical directions. (See Figure 11.3.) 

Figure 11.3. Horizontal and vertical Gaussian distributions for a point source. 
(Turner, 1970) 



16 

_L 2+ 2C Q exp---L1
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Where 
C = CO concentration 
Q = emissions source strength 
u = wind speed 
y = horizontal dispersion 
z = vertical dispersion 

= horizontal dispersion standard deviation 
6z = vertical dispersion standard deviation 

The nature of this equation will not process cases where the wind speed is zero, and it 

is assumed to behave poorly for wind speeds less than 1 m/s (as u is in the 

denominator). These calm hours are precisely the times when high concentrations of 

CO are thought to occur, and since CAL3QHC is not able to model those hours with 

the Gaussian equation, it is reasonable to question its use. [See data analysis section 

for a continued discussion of calm wind speeds.] 

Currently, CAL3QHC is conservative in its estimations of CO concentrations 

by using peak traffic volumes and worst case meteorological values. Based on 

observed CO concentrations, actual worst case conditions should include calm winds 

(less than 1 m/s), however, EPA guidance defines worst case with a lowest wind speed 

of 1 m/s because of the Gaussian equation limitations. It is questionable whether the 

combination of a conservative model and the assignment of 1 m/s to calm hours will 

offset or compensate for the inability to model lower wind speeds. Ideally, when 

using the worst case wind speed of 1 m/s, CAL3QHC's results should more accurately 

reflect CO concentrations for hours that actually record wind speeds close to 1 m/s. If 

the model could be more effective for this case, then a type of lookup table or 

correction factor could be determined to model wind speeds less than 1 m/s. 

However, at this time, the interplay between the Gaussian wind speed limitation, actual 
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measured high levels of CO during calm wind speeds, and the conservative nature of 

CAL3QHC's results is relatively unknown. 

In addition to wind speed, the parameters ay and c carry some question as 

they are estimated from the atmospheric stability class which is not directly 

measurable. To determine ay and a, first the stability class is defined by the amount 

of cloud cover and solar radiation during a one hour time period and is assigned a 

letter A through F, F being the most stable. (Wark and Warner, 1981) Consequently, 

ay and 6, are then a function of stability class and distance from the emission source. 

Parameters that are not directly measurable can add an unknown amount of uncertainty 

to the model. EPA recommends the stability class be set to class D for urban areas as 

it is assumed traffic will create some turbulence, but D is still a conservatively stable 

class. (USEPA, 1992b) 

Although the Gaussian dispersion assumption is convenient mathematically and 

may provide satisfactory results for a conservative screening model, it may be time to 

reexamine the governing dispersion equations if CAL3QHC is to be truly refined for a 

second level of modeling analysis beyond the initial screening. 

114.2.2 Uncertainty of Parameters 

Air pollutant dispersion is a complex phenomenon with many parameters 

effecting the final concentrations. In addition to and within the Gaussian equation 

described above, there are many other variables involved in the process. For example, 

Q, the emissions source strength is calculated from an entirely separate model of its 

own. EPA's Office of Mobile Sources (OMS) created the MOBILE model to calculate 

an emissions factor for a fleet that is traveling through a subsequent model, in this 

case CAL3QHC. The MOBILE model is continually undergoing changes and updates 

(there have been four sequential versions released between February 1989 and March 

1993) and is mentioned here only to illustrate the number and complexity of variables 

involved in the dispersion modeling process. MOBILE (version 5a is the latest) 
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requires information regarding vehicle fleet characteristics (distributions for model year 

and annual mileage), fuel characteristics (Reid Vapor Pressure and reformulated 

gasoline use), ambient temperature and other parameters that are used to calculate one 

emission factor for an entire fleet being modeled. CAL3QHC also contains equations 

to model the queueing process and traffic flow given a specific intersection's lane 

configuration, signal timing and flow rates. 

The large number of variables makes it difficult to control the uncertainty of 

the model for two reasons. First, many of the parameters are difficult if not 

impossible to accurately quantify at the microscale level (e.g. vehicle type 

distributions, traffic flow rates at a congested intersection). Second, the relationship 

between many of the variables is largely unknown. For example, traffic engineers 

report that it is nearly impossible to predict what will happen to traffic flow and 

queueing patterns when an intersection is beyond its maximum capacity. 

(Transportation Research Board, 1985) Congestion influences driving behaviors which 

are difficult to predict accurately, but has a direct effect on CO levels. A second 

complex and somewhat unpredictable relationship is the effect of traffic turbulence and 

building structures on wind patterns which ultimately have a significant effect on CO 

concentrations. (See Figure 11.4.) A complicated physical phenomenon, turbulence is 

accounted for in CAL3QHC with only a Single value for general surface roughness, 

stability class, wind speed and wind direction. Without a better understanding of how 

to predict wind patterns at urban intersections and their effect on CO dispersion, a 

more complicated model is not warranted. 

The estimation of required model parameters as well as a less than optimal 

understanding of parameter relationships can lead to an unquantifiable level of 

uncertainty in model results. Paul Benson of Caltrans makes a sound remark, "More 

complex approaches to dispersion modeling are unnecessary for most applications 

because of the uncertainties in estimating emission factors and traffic volumes for 
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Figure 11.4. Description of a wind field as it moves around a structure. (Bellomo 
and Liff, 1984) 

future years." (Benson, 1984a) Hence, there is debate concerning the practicality of 

creating more complicated dispersion models without first decreasing the uncertainty 

in the input parameters. 
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11.4.2.3 Intended Use 

CAL3QHC's dispersion component, CALINE3, is intended for continuous, line 

source emissions. These are roadways where all vehicles in a certain link or section 

of the roadway being modeled travel at a constant, average speed. The roadway may 

be divided into links, each having a different average speed or other characteristics, 

but at an intersection vehicles are rarely traveling at a constant speed. Studies have 

shown that in addition to idling, vehicles in modes of acceleration and deceleration 

emit significantly higher levels of CO and other pollutants. (Guensler, 1993) These 

important modal emission rates cannot be modeled with MOBILE5a and therefore are 

excluded from CAL3QHC. The user's guide for CALINE3 also states that the model 

should not be used for "street canyons" where intersections are surrounded by 

skyscrapers or many tall buildings. Urban areas often have traffic congestion and high 

concentrations of CO in street canyons, but CAL3QHC is not able to model these 

conditions. Stretching the use of certain models to include other applications can be 

beneficial, but modelers must not lose sight of the model's original intended purpose 

and limitations. 

11.4.2.4 Validations of CAL3QHC 

Any model, particularly a regulatory model, should be validated before an 

official endorsement is given. Before recommending CAL3QHC nationally, EPA 

conducted two validation studies. (PEI Associates, 1990; Sigma Research, 1992) 

The first was completed in 1990 and compared CAL3QHC to seven other 

models using 11 days of a 1978 database for one intersection in Illinois. The other 

intersection analysis models include the Georgia Intersection Model, CALINE4 from 

California DOT, TEXIN2, and the Intersection Midblock Model from New York DOT. 

Extensive data for CO, traffic, and meteorology at intersections was scarce in 1989 

when the study was conducted, and the narrow scope of the comparative database 
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makes it difficult to show that the model is reflective of CO at intersections on a 

national basis in the years beyond 1978. The study found that all seven models 

tended to underpredict, but CAL3QHC had the lowest mean squared error for one hour 

paired CO values and "also performed well in the 8 hour analyses." (PEI Associates, 

1990) Given the limited database, this study was not wholly convincing to EPA and 

others. 

In search of stronger results, EPA conducted another study using extensive 

intersection data collected in New York City in 1989 and 1990 to investigate CO 

concentrations for a proposed reconstruction project. (Molina, 1990; Sigma Research, 

1992) The database consists of six sites or intersections with several monitors at each, 

where most of the data was collected between November 1989 and April 1990. In 

addition to CO monitoring and meteorological recordings, traffic data was collected 

via videotape for three months. Traffic data corresponding with the top 50 hours of 

CO concentrations for each of the three months was used. Hence, approximately 150 

hours of data was analyzed and modeled for three of the six sites. 

Completed in 1992, this study made several significant findings. Most 

important to the "validation" of the model, there was no statistical difference between 

CAL3QHC and two other models in the overall analysis. This implies that no one 

model outperformed the other two. Also, a point relevant to later discussions in this 

report on meteorology, the validation study showed in nearly all cases, modeling with 

actual measured met-data gave lower CO concentrations than with the default worst 

case scenario. Despite the inconclusive findings, EPA endorsed CAL3QHC and 

recommended its use nationally for regulatory purposes. 

New York City Example of CAL3QHC's Limitations 

Once a model is pushed beyond its intended capabilities and the consequences 

become great enough, organized complaints from users may follow. The New York 

City Department of Environmental Protection (NYCDEP) has organized its concerns 
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about CAL3QHC in the form of a lawsuit against EPA for requiring the use of 

CAL3QHC as a regulatory model. NYCDEP is focusing on the discrepancy between 

the levels of CO emission predicted by MOBILE4.1 (used to validate CAL3QHC) and 

MOBILE5a now required for regulatory analysis. With MOBILE5a emission rates 

that are 40% - 100% higher than MOBILE4.1 rates, CAL3QHC has shown the area to 

be in violation of the CO standard. The change in modeled CO emission rates has led 

NYCDEP to challenge EPA. 

The petition calls for a review of CAL3QHC and its required use by EPA, but 

has been temporarily deferred pending EPA's release of a new refined version of 

CAL3QHC scheduled for October 1994. EPA has begun the model development with 

the intent of producing more accurate results (lower results in the case of NYC,) and 

once completed, it is unclear whether EPA, FHWA, or NYCDEP will approve the 

newer version. This lawsuit is an indication of the problems EPA and transportation 

agencies are facing and will continue to deal with until higher caliber models are 

developed or until the law is changed. 
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DI REVIEW of CURRENT CAL3QHC WORK 

D1.1 EPA's Refined CAL3QHC Version 

In an effort to resolve the legal actions taken by NYC, EPA has been working 

on a "refined' version of CAL3QHC intending to make it more accurate. February 23, 

1994 marked the first meeting of a work group gathered by EPA to discuss its 

development. The work group is composed of members of EPA, NYCDEP, NYDOT, 

FHWA, OMS, several consulting firms, and other air quality modeling specialists. 

The purpose of the group is to express concerns about CAL3QHC and offer 

suggestions for improvement. 

D1.1.1 Two Tiered Approach 

When completed, the new version is expected to be incorporated in a tiered 

approach to hot spot modeling. The original CAL3QHC, with its relatively simple 

input files, would still serve as the first tier or a conservative screening model using a 

worst case scenario. If an initial screening predicts violations of the standard while 

observed CO concentrations seem to be within the standard, then an area could move 

on to a second tier and use a more complex refined version to try to pass the standard. 

The thought behind "refinement" is that modeling dispersion by hour rather 

than modeling only one worst case scenario will lead to a more accurate sampling of 

CO predictions. Modeling by hour, however, requires hourly input values for the 

necessary model parameters and the computer power to run the model for hundreds or 

thousands of hourly values in a timely manner. 
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B1.1.2 Meteorological Data 

The hourly parameters most accessible are meteorological data recorded at 

National Weather Service (NWS) sites which are located at most airports. The 

validity of using airport met-data for micro-scale modeling is discussed at length and 

examined in the Data Analysis section of this study. EPA would like to be able to 

incorporate one to five years worth of hourly met-data from airports in the refined 

CAL3QHC version. Using one to five years of data should statistically produce all 

combinations of actual meteorological conditions within an acceptable confidence 

interval. The feeling is that using real met-data rather than the universal "worst case" 

default will give more accurate CO predictions. Using one to five years worth of data 

will statistically ensure that actual worst conditions are not overlooked. (Braverman 

and Eckhoff, 1994) Since the regulation allows only one exceedence per year, there is 

concern of somehow "missing" the conditions that will cause a second exceedence, 

thus passing conformity when in fact there should be a violation. 

B11.3 Traffic Volumes 

Optimally, hourly modeling would include hourly sets of data for all 

parameters. The feasibility of collecting and assembling this data on a micro scale is 

not possible at this time for most users. One solution is to use hourly met-data, 

relatively easy to obtain, and fix the values for traffic and emissions data. This 

avenue is being explored in Boston and is explained in section 111.2. EPA, on the 

other hand, has proposed generating hourly traffic volumes based on diurnal traffic 

patterns for each day of the week. Although CO levels do tend to follow diurnal 

traffic patterns, there is still some uncertainty as to whether or not this added 

complexity will actually improve the model's performance. 
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D1.1.4 Emission Rates 

Emission rates calculated from the MOBILE model are sensitive to 

temperature. (See Figure V.5 in the sensitivity analysis section) Hence, for each hour 

where there is a difference in temperature, the MOBILE model would need to be run 

in order to obtain a current emission rate to match hourly traffic and hourly 

meteorological conditions. With sufficient speed in computer technology, calculating a 

new emission rate for each hour would be feasible, but most users of CAL3QHC do 

not currently have the technology. 

There is also question about the accuracy of the MOBILE model and its 

calculation of an emission rate. Between successive releases of MOBILE4.1 and 

MOBILE5a, there was a systematic increase in CO emissions of between 40 and 100 

percent depending on the year of analysis. This has had a significant effect on 

CAL3QHC output. (See Figure III.1 and Figure V.3 in the Sensitivity Analysis section 

for more discussion.) One important point regarding the increase in CO emission 

from MOBILE4.1 to MOBILE5a is that CAL3QHC has not been reevaluated since the 

update. There has been no study done to determine if the impacts of MOBILE5a have 

changed the validity of CAL3QHC. 

OMS is still researching and proposing new updates of the MOBILE model and 

has indicated that there is much room for improvement in the understanding of 

emission strength and mobile sources. (Platte, 1994) With the inherent uncertainty in 

MOBILE, it may not be in EPA's best interest to invest in hourly emission rate 

calculations for CAL3QHC refinement at this time. 

111.2 Boston's Effort with Parsons 

In Boston, the Massachusetts Department of Environmental Protection (MDEP) 

has found the same discrepancies between predicted and observed CO concentrations 
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as NYC. They are presently applying for redesignation to change the area's status 

from non-attainment to attainment as local CO monitors have shown no violations 

since 1986. (Shattenek and Ginzburg, 1994) CAL3QHC, however, still shows some 

intersections to be in violation of the standard. 

Instead of suing EPA, MDEP asked a consulting firm, Parsons Brinkerhoff 

Quade and Douglas (Parsons), to first make sure they were observing CO 

concentrations in the places most likely to have a violation, and second, to come up 

with a different way to use the model that would more closely reflect observed CO 

concentrations. Parsons finished their "refined" version of CAL3QHC, CAL3QHC-R, 

in March of 1994. 
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[11.2.1 Data Collection 

Before revising the model, Parsons conducted a short but intensive data 

collection study in the Boston area. First, the most congested intersections were 

ranked by a set criteria and the four most likely to have a violation were chosen for a 

9 week monitoring study from December 1993 to February 1994. Of those worst 

intersections, the highest measured CO concentration through the duration of the study 

was 6.7 ppm for an 8 hour average which is well within the standard of 9 ppm. 

However, when CAL3QHC was used to model 11 intersections (including those in the 

monitoring study), it predicted a high of 11.6 ppm and found the area in violation of 

the standard: Parsons and MDEP were satisfied that they had reason to believe the 

area was not in violation based on the observed concentrations and continued on to 

revise CAL3QHC. 

B12.2 Refined Model, CAL3QHC-R 

Like EPA's effort, Parsons moved to use hourly meteorological data collected 

at Logan Airport in Boston instead of the worst case model default. Parsons chose to 

fix the hourly traffic data at a peak volume and use only one emission rate from 

MOBILE5a. In addition to using actual met-data, CAL3QHC-R also allows the user 

to select a specific time window for modeling. For example, a user may choose to 

analyze the months of January and December in a given year or even certain hours of 

the day (e.g. all hours between 4:00 pm and 11:00 pm). 

The output then displays the top 20 1-hour, 8-hour, and 24-hour average 

concentrations with the corresponding receptor, date and time of occurrence. A 

separate module will allow the user to go back and look up the meteorological 

conditions associated with a particular CO prediction. (Shattenek et al, 1994) 
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D12.3 Results 

Parsons tested CAL3QHC-R by using five years worth of National Weather 

Service meteorological data from Logan airport instead of using the worst case default 

and found this reduced the high CO concentrations in Boston by 30-50%. With 

CAL3QHC, the highest concentration was 11.6 ppm for an 8 hour period; but for the 

same intersections, CAL3QHC-R predicted a high of 8.6 ppm. For nearly every 

intersection analyzed, the 8 hour average was lowered by 2-4 ppm. (Shattenek and 

Ginzburg, 1994) Parsons and other specialists in EPA's work group speculate the 

reduction is due to increased wind speed. Most airport weather stations record wind 

speeds of less than 3 knots as calm which is 1.53 m/s. A 0.53 m/s increase from the 

default 1 m/s can have enough effect on the predicted CO concentrations to make the 

difference between violating the standard and passing it. [See section V.2.] The 

acceptance of Parsons model has not yet been determined, nor has the redesignation of 

Boston's attainment status. 

Both EPA's and MDEP's efforts to improve CAL3QHC emphasize the use 

of actual meteorological measurements rather than a worst case default. In theory this 

approach should provide a better foundation for the model's results. With CAL3QHC, 

however, the uncertainties associated with other parameters in the modeling process 

are such that added complexity to the model may not provide more accurate results, or 

if it appears to be more accurate, it may not be for the "right" reasons. Another 

concern is the motivation behind the model revision which may be construed as 

simply looking to lower CAL3QHC's results. Any true improvement to the model 

would most likely decrease CO concentrations in some areas, but may also increase in 

others. It is important not to confuse wanting results that better reflect real world CO 

concentrations and wanting results that pass the standard. 
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IV. DATA ANALYSIS 

IV.1 Background 

The data analysis of this study focuses on the relationships between CO 

concentrations taken at urban intersections and meteorological conditions measured at 

both nearby airports and the urban or "local" intersections. The purpose is to first 

examine EPA and Parson's proposal to "refine" CAL3QHC with airport met-data rather 

than a worst case default or met-data taken from the actual intersection site. Second, 

meteorological conditions under which high CO concentrations occur is compared to 

the worst case default conditions recommended for modeling with CAL3QHC. 

Finally, the issue of generating traffic data for CO modeling from diurnal patterns for 

each day of the week is discussed. 

IV.2 Data Selection 

The analysis is based on measurements taken at three specific sites in urban 

areas: Denver Colorado, El Paso Texas, and New York City (NYC). The criteria for 

selecting the three sites are as follows: 

1) Each site must have an available, recent data set for both hourly CO and 

meteorology taken concurrently. 

2) Each site should have experienced high levels of CO in the past five years. 

3) Each site should have an airport within 10 miles. 

4) The three sites should be geographically diverse. 

The data used in this report is taken from three sources. First, the airport 

meteorological data is located on EPA's Technology Transfer Network Bulletin Board 
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System (TTNBBS) in the SCRAM section (Support Center for Regulatory Air 

Models). These data sets are reported from National Weather Service sites. Second, 

the CO and met-data from Denver and El Paso are reported in EPA's AIRS database 

(Aerometric Information Retrieval System); and third, the local CO and met-data for 

the New York City site was collected for the NY Route 9A study. (Molina, 1990) 

In Denver, the site is located at 2105 Broadway in the city center area with 

commercial land use. In EPA's AIRS database, it is identified as site #0002 in Denver 

County. The site in El Paso is at 800 S. San Marcial street and intersects with Border 

Highway which runs along the Mexican border. It is also in a commercial land use 

area and is identified in AIRS as site #0044 in El Paso County. The NYC intersection 

is West 57th street and 7th avenue on the corner of Central Park in Manhattan. West 

57th has two lanes each way and 7th avenue is four lanes, one way. 

IV.3 Airport Meteorological Data 

Proposed refinements to CAL3QHC by EPA and Massachusetts Department of 

Environmental Protection (MDEP) include modeling hourly CO concentrations for 

intersections with meteorological data collected at the nearest airport instead of 

modeling one hour with worst case default conditions. One concern with this proposal 

is that it is not clear whether the added complexity of incorporating hourly met-data 

will actually improve the accuracy of the model's results. If it is temporarily assumed 

that using real met-data measurements will provide a higher level of precision, a 

second concern arises. Are the measurements taken at nearby airports sufficiently 

similar to meteorological conditions at the local intersections being modeled? This 

study examines this question and provides support for proceeding with caution in the 

proposed CAL3QHC refinement process. 

It is intuitive that most airports will have slightly different meteorology than 

urban sites located several miles away. The question is, what does "slightly different" 

mean and how significant is it in terms of CO concentrations? Airports require a flat, 
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open space that generally have a more uniform wind field than an urban intersection 

because of the added surface roughness of buildings and possibly hilly terrain. It can 

also be shown that urban sites can be warmer than a removed open area such as an 

airport. Differences such as these will require that modelers make reasonable choices 

when considering airport met-data for local site modeling. Airport proximity to the 

site, difference in terrain, and site-specific meteorological differences should be 

considered carefully if better accuracy in modeling is desired. 

Data and Notation 

The most recent data available for airport and local site meteorology 

comparison is 1992 for Denver and El Paso, and a data set from November 1989 

through January 1990 is used for NYC. The airports compared with each site are 

Stapleton Airport in Denver, El Paso Airport, and LaGuardia Airport in NYC. Wind 

speed and wind direction are examined for all three sites, and temperature is discussed 

for Denver and NYC 2. Wind speed is measured in meters per second; wind direction 

is measured in degrees, and temperature is measured in degrees fahrenheit. All 

"residuals" in this study refer to the difference between local and airport 

meteorological measurements, and in all cases 

Residual = Local - Airport. Hence, positive residuals indicate higher values at the 

site, and negative residuals indicate higher values at the airport. Where appropriate, 

the median is usually discussed rather than the mean, since the median is less effected 

by extreme values. 

The descriptions "intersection" and "site" are interchangeable and refer to the 

local site in the urban area. "Summer" months refer to the six months from April to 

September; and "winter" months refer to the six month period of January to March 

2 No temperature data was available at the site in El Paso for comparison. 
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and October to December, with the exception of NYC for which "winter" refers to 

November 1989 to January 1990. 

1V.3.1 Temperature 

In both Denver and NYC, the intersections are an average of 3 or 4 degrees 

warmer than their respective airports. Also, the correlation factors are high which 

suggests the sites are uniformly warmer than the airports, and lends support for the 

"heat island effect" in which urban areas produce their own heat due to high levels of 

energy use. (Ackerman, 1985; Goldreich, 1985; Balling and Cerveny, 1987) Figure 

W.1 shows the distribution of residuals for both summer and winter months in 

Denver. Both seasons have a positive mean residual, but during the winter months, 

the difference is more pronounced by about two degrees. This can also be seen in 

Figure W.2 where the summer and winter residuals are broken down by percentile. 

The 50th percentile is the median or the point at which half of all residual values are 

above and below a certain value. In this case the median winter residual in Denver is 

3 degrees warmer than the airport; while in NYC, the median residual is 4 degrees 

warmer. (See Figure P1.3 for NYC.) 
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Summer & Winter Temperature Residual Distributions 
Denver 1992
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Figure IV.3. Temperature residual distribution for NYC winter 1989-1990. 

Table IV.1. Statistics for meteorological residuals (local - airport) 

,
 
NYC Denver El Paso
 

Wind Speed (m/s)
 
Correlation Factor 0.45 0.62 0.59
 
Median Residual -4.1 -1.8 -1.5
 
Mean Residual -4.3 -1.8 -1.3
 
Std Deviation ±2.3 ±1.6 ±1.6
 

Tepperature (F)
 
Correlation Factor
 0.99 0.98 data not
 
Median Residual 4.0 3.0
 available
 
Mean Residual 4.0 3.2
 
Std Deviation ±2.0 ±3.3
 

Wind Direction (deg)
 
Median Residual 101 28
 45
 
Mean Residual 93 45 57
 
Std Deviation ±49 ±45 ±45
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The correlation factors for Denver and NYC temperature comparisons were 

0.99 and 0.98 respectively. (See Table IV.1.) The high correlation indicates that as 

local temperature increases, so does the airport temperature. Because of the strong 

statistical tie between the two, it is reasonable to use airport temperature in place of 

local temperature for modeling. However, the differences in local and airport 

temperature should not be ignored, and a temperature correction factor based upon the 

mean or median residual could be incorporated into the modeling. 

IV.3.2 Wind Direction 

Wind direction and its impact on CO concentrations is a difficult parameter to 

discuss statistically as its importance is directly related to the location of a CO 

receptor at a particular site. In its simplest form, wind direction determines whether 

CO emissions are blown into or away from a receptor, thus increasing or decreasing 

subsequent CO measurements at that receptor. Proper receptor location is a topic still 

debated by modelers and researchers conducting monitoring studies but is beyond the 

scope of this report. 

The distributions for the absolute value of wind direction residuals differ for all 

three sites. (See Figure IV.4.) In Denver, the distribution is nearly exponential with 

an elongated tail; and in El Paso, the distribution is even more skewed toward the 

higher residuals. NYC, on the other hand, has more of a uniform distribution and 

shows more hours with residuals above 100 degrees than below 100 degrees. When 

53% of all hours analyzed have differences of more than 100 degrees in NYC, it is 

likely that there will be poor predictability of local site wind direction from what is 

measured at LaGuardia Airport. Since there are some significant differences in how 

the three sites behave, there are also indications that a type of universal correction 

factor could not be implemented; hence, this report does not recommend using airport 

wind direction in all modeling cases. 
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Wind Direction Residual Distribution 
Denver 1992: WINTER
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Figure IV.4. Wind direction residual distributions for all three sites. 
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IV.3.3 Wind Speed 

Wind speed has a significant influence on modeling CO concentrations. An 

increase of just 0.5 m/s can cause CAL3QHC to decrease its CO prediction by 30%3. 

[This topic is discussed in the sensitivity analysis section.] Therefore, it is important 

to examine the differences in wind speed between intersections and nearby airports. 

From the example scatter plot of local versus airport wind speed in Figure IV.5 for 

NYC, it is apparent that there is a poor correlation between the two as the straight line 

represents a perfect one-to-one correlation.. The correlation factors are 0.45, 0.62, and 

Local vs Airport Wind Speed 
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Figure IV.5. Scatter plot of local versus airport wind speed in NYC. 

3 Results based on sensitivity analysis discussed in section V where CAL3QHC predicts 
an hourly CO high of 18 ppm with a wind speed of 1 m/s and predicts a high of 12.4 ppm 
with 1.5 m/s wind speed. 
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0.59 for NYC, Denver, and El Paso respectively, and the median residuals indicate 

wind speeds are usually between 1.5 and 4.1 m/s faster at the airports. [Refer to Table 

IVA.] Large airports may have faster wind speeds as they are most often located in 

open spaces; and in the case of NYC, LaGuardia Airport sits directly on Flushing Bay 

of the East River where winds tend to be stronger on the water. 

IV.3.3.1 Wind Speed Residuals 

Although all three sites indicate faster wind speeds at the airport, one way to 

gain more insight is to compare the residuals to the overall wind speed at the airport. 

This way, there is a better idea of how the residuals are behaving at high wind speeds 

and more importantly to CO concentrations, at lower wind speeds. Figures W.6, W.7, 

and W.8 show the median wind speed residuals compared to the overall airport wind 

speed, and the residuals are getting larger (more negative) as the airport wind speed 

increases. Part of the reason for this is that in Denver, for example, the highest site-

recorded wind speed is around 7 m/s while the airport records a maximum of 17 m/s 

during 1992. Thus, the airport wind speed gets increasingly faster than the local wind 

speed. For all three sites, when the airport wind speed is less than 1 m/s, the residuals 

have a smaller standard deviation and are positive or the wind is slightly faster at the 

site than at the airport. 
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Wind Speed Residual vs Airport Wind Speed
 

Denver 1992
 

Figure IV.6. Wind speed residual versus airport wind speed for Denver 1992. 

Wind Speed Residual vs Airport Wind Speed
 

El Paso 1992
 

Figure W.7. Wind speed residual versus airport wind speed for El Paso 1992. 
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Wind Speed Residual vs Airport Wind Speed
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Figure 1V.8. Wind speed residual versus airport wind speed for NYC winter 1989
1990. 

W.3.3.2 Relative Wind Speed Residuals 

From the above perspective it would appear that for lower wind speeds, the 

airport data may be reasonable in most areas because of the small deviations (all sites 

have residual deviations between 0.4 m/s and 2.5 m/s). However, if the residuals 

relative to the overall wind speed are examined, different conclusions may be drawn 

based on the relative importance of the residual. In essence, Figures IV.9, IV.10, and 

IV.11 show the median residuals and standard deviations as a percentage of the airport 

wind speed. This is calculated by the equation 

Local Airport Wind SpeedRelative Residual 
Airport Wind Speed 

and plotted for all hours where the airport wind speed is not equal to zero. This 

reveals that for lower wind speeds the relative standard deviation is much greater than 
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for higher wind speeds. Hence, the analysis of relative residuals for lower wind 

speeds indicates that the difference between airport and local measurements has a 

higher degree of variability making airport predictions less accurate relative to those 

made for higher wind speeds. These lower wind speeds are precisely the hours for 

which there may be a chance of high CO concentrations and for which accuracy is 

most important. 

Relative Wind Speed Residual vs Airport Wind Speed
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Figure IV.9. Relative wind speed residual versus airport wind speed for Denver 
1992. 
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Relative Wind Speed Residual vs Airport Wind Speed
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Figure TV.10. Relative wind speed residual versus airport wind speed for El Paso 
1992. 
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Figure IV.11. Relative wind speed residual versus airport wind speed for NYC. 
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1V.3.3.3 Relative CO Error 

Another aspect of the influence of wind speed residuals is explored by 

considering the relative error in CO predictions when using airport met-data instead of 

local met-data. In theory, the Gaussian equation for CO dispersion would predict CO 

concentrations precisely with the input of actual, local parameter measurements. 

Although we know this not to be the case due to the uncertainty associated with the 

parameters and the model equations, assume for the moment that the Gaussian 

equation is accurate when used with actual parameter measurements. From the 

Gaussian equation, 

2 2 

exp -L +
21.cua az 2 ay Y az 

Where 

C = CO concentration at coordinates (x,y) 
Q = emissions source strength 
u = wind speed 
y = horizontal dispersion 
z = vertical dispersion 

= horizontal dispersion standard deviation 
= vertical dispersion standard deviation 

the differences between airport and local met-data would only effect the values of u, 

wind speed, criy and a, from the atmospheric stability class, and Q's sensitivity to 

temperature from MOBILE5a. If it is assumed that stability class and temperature will 

be the same for the airport and the site and all other parameters are held constant, a 

theoretical value for the error of predicting CO with airport wind speed can be 

determined by comparing 
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coop " 1 
Uap 

and 

co,  u, 

where ap = airport and st = site. If it is assumed that COst is the correct value, then 

any difference in wind speed will cause error in COQ. The relative CO error is 

calculated by 

Relative CO Err 

for all hours where airport and local wind speeds do not equal zero, and the results are 

plotted in Figures IV.12, W.13, and W.14. 
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Figure IV.12. Relative CO error for Denver winter 1992. 
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Relative CU Error
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Figure 1V.13. Relative CO error for El Paso, fourth quarter 1992. 

Figure IV.14. Relative CO error for NYC. 
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Using airport wind speed with the Gaussian equation for all three sites could 
underpredict CO by an average of 60 to 90%. For example in Figure IV.12, in 
Denver when CO measurements are less than 6 ppm and greater than 5 ppm, using 
airport wind speed to model could underpredict by 70% with a standard deviation of 
21%, a maximum 34% overprediction and a minimum 90% underprediction. In this 
particular analysis, the only cases for which airport wind speed overpredicted CO was 
in the range of 5 ppm or less (not a violation concern). Although these are theoretical 
results requiring several impractical assumptions, they give a rough estimate of what 
may be happening when faster wind speeds are used to predict CO with a Gaussian 
model like CAL3QHC. 

The underprediction of CO due to increased airport wind speed is one area of 
concern regarding the proposed use of airport met-data. Can EPA afford to lower the 
model's CO predictions with higher wind speeds without knowing whether this 
actually improves the model's performance for the right reasons? One factor in the 
airport underprediction issue is that most airports report wind sp6eds of less than 3
 
knots or 1.53 m/s as calms. With the Gaussian equation, it is not possible to model
 
calms; hence, the use of airport wind speeds will increase the recommended model
 
default of 1 m/s by at least 53%. Many areas, Boston in particular, would like to have 
the opportunity to use airport met-data because the preliminary results are lowering 
CO predictions and passing the standard. CAL3QHC does seem to be overpredicting 
in areas such as Boston and NYC, but the model should be dissected to look for the 
true reasons for its conservative predictions rather than masking its faults by using 
airport met-data. 

IV.4 Worst Case Meteorological Guidance 

In addition to questions raised by the CAL3QHC refinement proposal and the 
use of airport met-data, there is a more fundamental question to be asked regarding the 
recommended worst case default meteorological conditions. Are high levels of CO 
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actually occurring during those worst case hours as defined by EPA, and if not, when 

are they occurring? CAL3QHC guidance recommends using a default of 1 m/s for 

wind speed, an atmospheric stability class D, and the average January temperature or 

the average temperature for the 10 highest 8 hour-averaged CO measurements over the 

last three years. For the remaining sections of data analysis, local CO and met-data is 

measured at the site (rather than the airport) from the winters of 1992 and 1993 in 

Denver. All met-data in El Paso is measured locally from October through December 

1992 with the exception of temperature which is taken from El Paso airport. The 

NYC data set remains November 1989 through January 1990. 

1V.4.1 Wind Speed 

As stated earlier, the 1 m/s wind speed default is the lowest wind speed the 

Gaussian equation can accurately process and calms cannot be modeled. The series of 

Figures IV.15 through IV.18 display the wind speed distributions in Denver for 

different levels of CO. In Figure IV.15, for all hours, the distribution has a gradual 

tail; but as the CO levels get increasingly higher, the distribution loses its tail, and the 

bulk of the hours are clustered between zero and 1 m/s. With most of Denver's worst 

CO hours (greater than 10 ppm) recording wind speeds less than 1 m/s, there is a 

strong indication that calm wind speeds should be incorporated into the modeling 

process for areas like Denver. 
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Figure 1V.15. Local wind speed distribution for all hours during Denver winter 
1992. 
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Figure IV.16. Local wind speed distribution for hours when CO is greater than 3 
ppm, Denver 1992. 
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Local Wind Speed Distribution
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Figure P7.17. Local wind speed distribution for hours when CO is greater than 5 
ppm, Denver 1992. 
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Figure P7.18. Local wind speed distribution for hours when CO is greater than 
10 ppm, Denver 1992. 
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1V.4.2 CO vs Meteorolou-Type Distributions 

Considering the two meteorological parameters wind speed and temperature, 

there are three types of worst case conditions investigated in this section. First, there 

is the worst case as defined by EPA with 1 m/s and average January temperature. 

Second, there are hours for which wind speed is calm and the average January 

temperature prevails; and finally, there are hours for which the wind speed is calm 

with non-worst case temperatures. For our purposes, calm wind speeds are considered 

less than 0.5 m/s, while the worst case 1 m/s is given the leeway of ±15m/s. Also, 

the average January temperature is taken with ±2 degrees. 

Table W.2. Met-Type Definitions 

EPA's Worst Case Calm & EPA's Actual Worst Case 
Worst Case Temp (Calm Only) 

Wind Speed 1 ± 0.5 m/s Less than 0.5 m/s Less than 0.5 m/s 

Temperature Average January 
Temp ± 2° (F) 

Average January 
Temp ± 2° (F) 

other than average 
January Temp 

Figures IV.19, IV.20, and N.21 show the median, minimum and maximum CO 

values for hours falling into the three met-type categories for each city. The 

maximum CO concentrations in each are key as the purpose of CO modeling is to 

catch the extreme values and know when they occur. Although the analysis for each 

city contains a different number of overall hours and relative CO concentrations, in 

each case, the worst case met-type as defined by EPA has the lowest maximum CO 

concentration. The percentages shown above each category in each figure indicate the 

number of hours in a met-type compared to the total number of hours analyzed. In El 

Paso, only 1.68% of all hours analyzed in the winter of 1992 fall into the worst case 

scenario as defined by EPA while 36.95% of those hours have calm wind speeds. 
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El Paso and NYC record the highest CO values during hours of calm-only, and 

Denver records a slightly higher maximum CO value of 19.4 ppm for calm wind 

speeds with an average January temperature of 28°± 2° than the high of 18.2 ppm 

during the calm-only hours. This shows that the worst hours of CO are not occurring 

during currently defined worst case meteorological conditions, but during hours of 

calm wind speed. If a more accurate model is desired by EPA and its users, the 

Gaussian limitations on wind speeds less than 1 m/s must be questioned and overcome 

so that calm wind speeds may be modeled. 

Figure IV.19. CO measurements versus type of meteorological condition, Denver 
winter 1993. 
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Figure IV.20. CO measurements versus type of meteorological condition, El Paso 
fourth quarter 1992. 

Figure IV.21. CO measurements versus type of meteorological condition, NYC 
winter 1989-1990. 
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IV.4.3 Top 50 CO Hours and Meteorology 

Another way to determine when the highest levels of CO are actually occurring 

is to look at the top 50 hours of CO concentrations recorded during each winter period 

of each site and extract the meteorological conditions for those hours. All of the top 

50 hours of CO in Denver and El Paso record wind speeds less than or equal to 0.8 

m/s. In El paso, 47 of 50 hours record wind speeds of zero m/s. Slightly higher wind 

speeds are experienced in NYC with a maximum of 2.5 m/s, but 84% of the top 50 

CO hours are still 1.0 m/s or less and 51% are 0.5 m/s or less. (See Figures IV.22 

through IV.24.) 

Wind Speed Distribution for Top 50 CO Hours 

Denver Winter 1993 

40 

35 

30 

25 

= 20 
2 15 

10 

5 

0 0.5 1 1.5 2 

Wind Speed (m/s) 

100.00%
 
90.00%
 
90.00%
 
70.00%
 
60.00%
 
50.00%
 
40.00%
 
30.00%
 
20.00%
 
10.00%
 
0.00%
 

Figure 117.22. Wind speed distribution for top 50 CO hours, Denver winter 1993. 
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Wind Speed Distribution for Top 50 CO Hours
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Figure IV.23. Wind speed distribution for top 50 CO hours, El Paso fourth 
quarter 1992. 
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Figure W.24. Wind speed distribution for top 50 CO hours, NYC winter 1989-1990. 

While wind speed tends to be consistently below 1 m/s for the top 50 hours at 

all three sites, temperature is less predictable. During the winter of 1993 in Denver, 

16 of the top 50 hours fell between 27° and 33° while the average January temperature 
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that year was 28°. (See Figure Il/.25. Figures N.26 and N.27 show temperature 

distributions for El Paso and NYC.) This would seem to indicate that the average 

January temperature fits well with the winter's CO data. However, if one goes through 

the calculation to average the 10 highest 8 hour-averaged CO concentrations over the 

last three years, it is found that the average worst case temperature is actually 37.8° 

over the last three years. Depending on the city, the past three years average 

temperature may be higher than the average January temperature, thus lowering 

CAL3QHC's results. The three year average temperature is a better indication of when 

high CO levels are occurring over the long term, and its use should be encouraged. 

Regardless of a higher correlation between a certain temperature and elevated CO 

concentrations, the accuracy of CAL3QHC's predictions is dependent on the way the 

MOBILE5a emissions model handles temperature and whether the physical impact of 

temperature on CO levels has been adequately captured in the models. 
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Figure IV.25. Temperature distribution for top 50 CO hours, Denver winter 1993. 
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Airport* Temperature Distribution for Top 50 CO Hours 
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Figure IV.26. Temperature distribution for top 50 CO hours, El Paso fourth quarter 
1992. * Local temperature data not available. 
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Figure IV.27. Temperature distribution for top 50 CO hours, NYC winter 1989
1990. 
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N.5 High CO Concentrations and Timing 

In hot spot modeling, the emissions sources are predominantly from vehicles; 

hence there is a direct relationship between traffic patterns and CO levels. Typically, 

most cities experience rush hour between 6:00 and 9:00 am and between 4:00 and 

8:00 pm. For the three sites in this study, the CO levels also tend to follow this 

pattern with many of the highest concentrations occurring during peak traffic hours. 

(See Figure N.28) 

It simplifies the modeling process to be able to predict high CO concentrations 

to occur during peak traffic hours with worst case meteorology. But because the 

regulation allows only one exceedence of the standard per year, planners and modelers 

must be concerned with all situations in which high CO levels occur. The risk 

assessment of the regulation allowing only one exceedence per year and the cost for 

achieving this standard is beyond the scope of this work; but given the regulation as 

written, consideration should be given to researching exceedence conditions that 

cannot be explained by rush hour traffic. 

Although many of the highest CO hours are during peak traffic hours, there are 

some that do not coincide with peak traffic. El Paso shows several one hour readings 

associated with an 8 hour violation of the 9 ppm standard between 8:00 and 11:00 pm 

on a Sunday night. El Paso tends to be a town of exceptions because it is on the 

Mexican border, but it is a good example of what must be dealt with when trying to 

prevent air quality violations. It is possible that on a winter Sunday night there was a 

specific event that caused heavy traffic later in the evening thus elevating CO 

concentrations, or it could be routine border crossings on Sunday nights coupled with 

14 hours of continuous wind speeds less than 0.4 m/s. NYC shows high 

concentrations during mid-day and on into the late evening which are typically 

explained by rush hour traffic. More research could be done to see whether these 

patterns are solely based on traffic or, more likely, to see what kinds of dependencies 

exist between traffic, time of day, and corresponding meteorology. Universal models 

tend to exclude the exceptions and must concentrate on predictable phenomena, but in 
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Figure IV.28. CO measurements versus hour of the day by city. 
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air quality, the exceptions are often the cause of the one violation standing in the way 

of transportation project funding. If areas are to stop CO violations and EPA is to 

build a better model, the exceptions must be better understood. 

Top 50 CO Hours 

Not only does timing have to do with the hour of the day for which CO 

concentrations are elevated, but also for the day of the week. One of EPA's ideas for 

the refined CAL3QHC version is to generate hourly traffic data based on patterns for 

different days of the week and hours of the day. Predictable patterns that are observed 

for different days of the week are caused by human factors (i.e. traffic) since 

meteorology is not dictated by a certain day of the week. Figures IV.29 through W.34 

illustrate the timing of the 50 highest hours of CO levels at the three sites. 

Denver portrays a highly predictable CO pattern. Of the top 50 hours, 86% 

occur between 6:00 to 10:00 am and 4:00 to 8:00 pm (Figure W.29) with no hours 

occurring on the weekend (Figure P1.30). This could be a typical commuter city 

scenario with all peak traffic in the morning and evening and little to no traffic on the 

Saturday and Sunday. In El Paso, on the other hand, 42% of the top 50 hours are on 

Friday, Saturday, or Sunday indicating heavy weekend traffic possibly from weekend 

trips to and from Mexico. And in NYC, it would appear that traffic is consistent 

throughout the day with a slight increase during rush hours, and the days most effected 

are Monday and Tuesday. One point to keep in mind is that the data set from NYC is 

taken during the peak holiday time of year which also has an effect on traffic. What 

this analysis shows is that it is possible to fmd predictable patterns of CO levels 

during different times of day and days of the week for modeling, but each site will 

have a unique set of characteristics that play a role in developing that pattern. 
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Figure W.29. Hour distribution for top 50 CO hours, Denver winter 1993. 

Day of the Week Distribution for Top 50 CO Hours
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Figure IV.30. Day of the week distribution for top 50 CO hours, Denver winter 
1993. 
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Hour Distribution for Top 50 CO Hours 
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Figure IV.31. Hour distribution for top 50 CO hours, El Paso fourth quarter 1992. 
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Figure IV.32. Day of the week distribution for top 50 CO hours, El Paso fourth 
quarter 1992. 



62 

Hour Distribution for Top 50 CO Hours 
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Figure IV.33. Hour distribution for top 50 CO hours, NYC winter 1989-1990. 
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Figure 1V.34. Day of the week distribution for top 50 CO hours, NYC winter 
1989-1990. 
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V. CAL3QHC SENSITIVITY ANALYSIS 

V.1 Background 

Previous sensitivity analysis done for CAL3QHC by EPA is limited to 

variability in queueing parameters, and the sensitivity of the remaining parameters 

including meteorology is deferred to the analysis done for CALINE3. (USEPA, 

1992b; Benson, 1979) The analysis in this report serves as a general discussion of 

CAL3QHC's sensitivity to fluctuations in wind speed, temperature, and the ratio of 
traffic volume to overall intersection capacity. 

Main St. 

Loca 1 St . 

® 

® Receptor 

Figure V.1 Intersection configuration for CAL3QHC sensitivity analysis. 
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The analysis is based on a hypothetical intersection shown in Figure V.1 for the model 

year 1994. Its dimensions and traffic volumes are typical values that are discussed in 

FHWA's Highway Capacity Manual, and for the specific parameter values defining the 

intersection, please refer to the Appendix. The intersection is operating at about 88% 

capacity; that is the total volume of traffic flowing through the intersection in one hour 

is 88% of the maximum flow capable of traveling through the intersection. Many 

intersections experiencing problems with high levels of CO are near or at maximum 

capacity which is the reason for basing this analysis at a near capacity ratio. 

V.2 Wind Speed 

As mentioned previously in the data analysis section, CAL3QHC is quite 

sensitive to changes in wind speed between one and three meters per second. Figure 

V.2 illustrates the changes in the highest CAL3QHC CO predictions given a variable 

wind speed. At 1 m/s, the CO prediction is 18.0 ppm, but that value quickly drops to 

12.4 ppm with a wind speed of 1.5 m/s, and down to 9.4 ppm with a 2 m/s wind 

speed. A one hour concentration of 18 ppm, given the right persistence conditions, 

could easily contribute an 8 hour violation of the standard while a one hour reading of 

9 ppm is relatively safe in terms of meeting the 8 hour standard. 

The difference in CO predictions based on the model years 1990 and 1994 are 

due to calculations in MOBILE5a. The model year is input to both CAL3QHC and 

MOBILE and provides the model with information regarding the vehicle fleet. 

Vehicle Fleets in later model years are assumed to be cleaner due to improved engine 

technology and the retirement of older vehicles which tend to emit higher CO 

concentrations. 

The sensitive nature of this model to wind speed gives rise to concerns about 

the use of airport meteorological data readings for modeling instead of the worst case 

1 m/s or actual met-data collected on site. Discussed in the data analysis section of 

this report, airport wind speed is generally faster than at the local site (an average 
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CO vs Wind Speed
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Figure V.2 CAL3QHC CO predictions versus wind speed variation. 

between 1.5 and 4 m/s faster for the Denver, El Paso and NYC case studies), and 

there is some question about the accuracy of the equipment used to measure wind 

speed at airports. These slight increases in wind speed can have enough effect on 

CAL3QHC results to make the difference between violating the standard and passing 

it. Parsons consulting group in Boston found their model version, CAL3QHC-R, that 

uses airport met-data reduced the highest 8 hour predictions by as much as 39%. 

(Shattenek and Ginzburg, 1994) Changes made to CAL3QHC that have the potential 

to increase wind speed should be accompanied with caution and an agenda for 

improving the model's accuracy rather than simply lowering CO predictions. 
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V.3 Temperature and Emission Factors 

CAL3QHC's temperature dependence is based on the emission factor output 

from the MOBILE5a model. Figure V.3 plots CAL3QHC predictions versus a range 

of emission rates and shows a direct, linear relationship with a slope of 1/9. There has 

been much discussion and concern over the past two sequential versions of MOBILE 

released by EPA. The study completed by Sierra Research Corp (1993) found that 

compared to Mobile4.1, MOBILE5a systematically increased CO emission estimates 

between 40% and 100% depending on the analysis year. (See Figure 111.1) 
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Figure V.3 CAL3QHC CO predictions versus emission factor. 

Figure V.5 which illustrates the influence of temperature on MOBILE5a is nearly 

identical in shape to Figure V.4. This coupled with the linear relationship between 

emission factors and CO predictions indicates that CAL3QHC's dependence on 
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temperature is solely based on MOBILE5a's sensitivity to temperature. Recall the 

Denver case study in which the average January temperature is 28° and the three year 

worst case average temperature is 38°. For this hypothetical intersection, an increase 

from 28° to 38° would decrease CAL3QHC's highest CO prediction from 18 ppm to 

16 ppm. 
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Figure V.4 CAL3QHC CO predictions versus temperature. 
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Emission Factor vs Temperature
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Figure V.5 Mobile5a emission factor at 25 mph versus temperature. 

V.4 Traffic Volume/Capacity Ratio: Congestion 

Congestion is a phenomenon that can be difficult to predict; hence it is difficult 

to model well. Traffic engineers report that it is nearly impossible to be able to 

foresee what will happen to the flow of traffic at an over-capacity intersection. 

(Transportation Research Board, 1985) Congestion effects driver behavior where some 

drivers will balk at a long queue and take alternate routes, and other drivers may 

become irritated, rev the engine, or increase their acceleration and deceleration rates. 

These factors all effect CO concentrations 

but to an unknown degree. 

The lower the volume/capacity ratio, the more traffic is allowed to be free 

flowing at an average speed with less idling, acceleration and deceleration. In the 
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Federal Test Procedures that measure emissions on new model vehicles have shown 

that idling and possibly acceleration and deceleration can significantly increase CO 

emissions. However, predicting CO at an intersection with a capacity ratio near 1.0 or 

above 1.0 is an area that has been studied little and is largely left out of the modeling 

process. CAL3QHC treats increasing capacity ratios with a linear increase in CO as 

illustrated in Figure V.6. (For an example of how the traffic volumes were calculated 

for each ratio, please refer to the Appendix.) Because the model's sensitivity to 

changes in capacity level is linear, an intersection operating at 60% and increasing to 

70% (still quite under-capacity) will have the same effect as an intersection operating 

at 90% and increasing to 100% capacity. An intersection operating at 70% should be 

able to maintain high levels of free flowing traffic, while traffic in a full capacity 

intersection, or 100%) is likely to be very congested and emitting more CO. 

CO vs Volume/Capacity Ratio
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Figure V.6 CAL3QHC CO predictions versus V/C, where V/C = (total traffic 
volume)/(maximum intersection capacity). 
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Although in theory an intersection operating at 120% is not possible, 

CAL3QHC maintains the linear relationship for ratios above 1.0. For this study's 

example, when the intersection is operating at 60%, the highest CO concentration 

predicted is 15.0 ppm. By doubling the capacity ratio to 120%, there is only a 30% 

increase in CO or 22.1 ppm. Without knowing what is actually happening at near-

capacity intersection, it does not make sense to pour more complicated methods into 

the model. However, it is suspected that near-capacity intersections should have much 

higher levels of CO than intersections well under capacity, and this point should be 

studied more thoroughly so it may be better understood and eventually incorporated 

into the model. (Schoeneberg, 1994) 

V.5 Receptor Location 

As mentioned previously, receptor location can have a significant impact on 

CAL3QHC CO predictions. EPA guidance suggests placing CO receptors 10 feet off 

the roadway and around 6 feet or 1.8 meters high. This is supposed to represent a 

reasonable location where people would be walking and breathing. CAL3QHC results 

tend to be highest along the street with the most traffic and within the queue length. 

For example, in Figure V.7, the receptor located 10 feet off of Main Street and 200 

feet down the queue predicts the highest one hour concentration of 16.1 ppm. This is 

an indication that the queue between 100 and 200 feet is the most congested. CO 

concentrations both measured and predicted by CAL3QHC are sensitive to receptor 

location. However, the importance of a certain receptor is dependent on traffic 

volumes and congestion areas, queueing lanes, proximity to the most prominent 

intersection queue, and prevailing wind direction. 
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Figure V.7. CAL3QHC CO predictions at certain receptor locations. The inner box 
represents the most prominent intersection queue. 
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VI. CONCLUSIONS and RECOMMENDATIONS 

VI.1 Airport Meteorological Data 

Based on the analysis of this study and the lack of confirmation that added 

meteorological complexity will improve CAL3QHC's accuracy, this report does not 

recommend using airport met-data in modeling as a universal policy. There are a few 

cases and parameters for which it may be appropriate. Airport temperature in some 

cities may be adjusted for the heat island effect and used for modeling. However, the 

proximity and terrain of the site and nearest airport should be the first consideration. 

Additional work will be required to show that higher precision is obtained by 

modeling hourly meteorology as compared to the current one time worst case scenario; 

and if hourly meteorology is to be used, local measurements are preferable to airport 

measurements. Local sites are not always able to record the necessary values, but the 

reasoning that airport met-data is the best data available and is in a convenient format 

does not necessarily make it appropriate to use for modeling. If local met-data is not 

available, at the minimum, a short term local site met collection should be considered 

to provide a basis for comparison to be able to draw compatibility conclusions. 

Although temperature seems to be a fairly consistent parameter within a city 

and extending to a nearby airport, wind speed is a parameter that should be handled 

with caution. CAL3QHC's sensitivity to changes in wind speed at the lower ranges 

demands careful interpretation of how wind speed should be used in the model. A 

30% drop in CO predictions due to a wind speed increase of 1 m/s to 1.5 m/s is 

unacceptable unless the local wind speed is actually measured at 1.5 m/s. In all three 
cities in this study the wind speeds were significantly faster at the airports, a factor 

that may lower CO predictions without having a better understanding of which 

components of CAL3QHC are actually causing the model to overpredict. 
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VI.2 Worst Case Default Meteorology 

This study shows that most of the highest hours of CO are occurring during 

calms which cannot be modeled with CAL3QHC or other Gaussian models. 

Incorporating calms in the modeling is an area that needs to be investigated further to 

be able to push forward to a higher level of model reliability. There is also a need to 

have a better understanding of the combined effect and relationships between three 

areas: 1) modeling with the conservative traffic values taken at peak hours and the 

conservative worst case meteorological definition, 2) the Gaussian and other 

CAL3QHC limitations, and 3) the real world conditions causing CO violations. 

VI.3 Diurnal and Day of the Week CO Patterns 

Diurnal patterns do exist for CO concentrations and tend to follow rush hour 

traffic volumes. There is a case to be made for allowing these patterns to generate 

hourly traffic data for modeling with the proposed refined version of CAL3QHC. 

However, there are CO violations that are not occurring during rush hour, and other 

factors such as off-peak temperature, wind speed, stability will also influence changes 

in the CO patterns over the course of a day. 

There is also evidence to support generating traffic data differently for certain 

days of the week. However, the patterns will need to be generated carefully only 

when there is sufficient confirmation that a reliable pattern exists. Each city will 

experience its own day of the week variations, and not all cities will be able to extract 

a pattern as predictable as the week day commuting pattern found in Denver. 
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VIA Added Complexity 

There is a need for more understanding of the physical phenomena associated 

with CO dispersion before added complexity to the model is warranted. The 

uncertainty already inherent in many of the parameters and estimations that are 

necessary to run MOBILE and CAL3QHC casts doubt on the benefits of adding 

hourly met-data or including a methodology for generating hourly traffic parameters. 

The validation studies of CAL3QHC are unclear and inconclusive, and the poor 

correlations between observed and predicted CO when paired in time and space 

indicate that there is much room for improvement in the model's reliability. 

Reliability and accuracy are model qualities that should be continuously 

questioned and challenged. Questioning and searching for better methods may one 

day create a model on which users can rely and trust. CAL3QHC must be a model 

that performs satisfactorily when compared to a robust, existing database before 

confidence can be placed in its results for future predictions. 

VI.5 Recommended Direction for CAL3QHC Improvement 

With the current CAL3QHC refinement proposals, it is questionable whether 

the cost of developing the model and the extra effort that may be needed to run the 

model will be worth the results. Because of the uncertainties within CAL3QHC, a 

short term attempt to refine the model will inherit those uncertainties and may acquire 

new ones of its own. 

The discrepancies arising between observed and predicted CO concentrations 

merit serious consideration as transportation funds are at stake; however, there may be 

a more effective method for improvement than an attempt to refine CAL3QHC in 

short order by October of this year. Model developers should keep in mind that in 

order to introduce a second tier beyond the current screening process, the second tier 

should be a considerable improvement over the first. 
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There is a sense of urgency to solve this problem in the shadow of the NYC 
lawsuit; but rather than force through a more complicated model, a change in policy 
may be of better use. There is a need for an immediate or interim solution for areas 
that are experiencing unfavorable discrepancies between observed and modeled CO 
concentrations. One recommendation is to develop a criteria for handling cases in 
which an area predicts a violation but feels the model is in err. An initial conservative 
screening with the current CAL3QHC is reasonable, but for areas wishing to challenge 
its results there are some steps outside of creating a new model that could be taken. 

First, a challenge would require adequate CO monitoring to refute CAL3QHC's 
results. The term "adequate" data collection would need to be defined and agreed 
upon, but it should include issues such as monitoring at the intersections most likely to 
have a violation and doing so during the CO season with proper equipment. Second, 
based upon the collection of actual CO concentrations, a criteria could be developed to 
aid in the decision making process of how to determine the air quality status of the 
area in question. For immediate purposes, a panel or committee should be able to 
make a human decision based upon data and the known limitations of CAL3QHC 

rather than relying on the model for a conclusion. Paramount to the success of an 
approach such as this is the avoidance of merely "passing" areas to discourage 
lawsuits and other complaints. 

In addition to this interim approach, long term research should be started to 
first determine if a more accurate model is possible. If it is determined to be feasible, 
long term development should then be started with consideration of ground up model 
development rather than adding pre/post processors or making modifications to the 

existing CAL3QHC. One possibility in this area is for EPA to team up with FHWA's 
long term plans for transportation modeling. FHWA is overseeing the development of 

a new model, TRANSIMS, by the lab at Los Alamos with the intention of boosting 
the state of the art in transportation modeling well beyond what is being used today. 
TRANSIMS is on a seven to ten year track for completion, but will be able to model 

the movement of individual people and their vehicles throughout a city or region. As 
planned, not only will it be used for congestion management, but should be able to 
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incorporate air quality information as well. Depending on the costs involved and the 
willingness to take CAL3QHC a step beyond its current accuracy level, getting 
involved with 'IRANSIMS could be an effective solution. 

The development, validation and dissemination of a good model is not an 
expedient process. Rather than hold up the progress of areas that are challenging 
CAL3QHC's results by quickly putting together a "refined' model with questionable 
improvements, EPA could be making decisions based upon data collection refuting 
CAL3QHC's results and an interim decision-making criteria for determining air quality 
status. Also, communication links must be strongly maintained throughout this 
process between EPA, FHWA, model users, and other involved parties to help ensure 
the best possible or fairest outcomes are achieved. 

EPA's work group is a prime example of a group of people highly qualified to 
develop a decision-making criteria and alter current modeling policy. Instead of 
debating the details of model parameters, their time would be more useful as a policy-
defining team to alleviate some of the problems that are surfacing with the use of 
CAL3QHC. For the future of CAL3QHC, true improvements may come only with the 
coupling of policy change and long term model improvement. 

V1.6 Future Research 

Dispersion modeling improvements will have to rely heavily on the efforts of 
future research. Currently, there is a distinct lack of comprehensive data collection. 

Simultaneous and continuous collection of CO concentrations, meteorological 

conditions and corresponding traffic data would facilitate the scientific community's 
understanding of microscale air quality. The cause and effect relationships between 

these parameters and overall air quality are only generally defined. General 

definitions can only support models with general reliability - not the caliber of model 
required to uphold EPA regulation. 
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There is also a need to further the understanding of the relationship between 

one hour and eight hour concentrations. In CAL3QHC, a one hour CO prediction is 

converted into an eight hour prediction by a persistence factor rather than averaging 
eight hours. It is rare that the one hour standard of 35 ppm is violated, so a detailed 
look at the conditions causing eight hour violations of 9 ppm is warranted. 

Dispersion modeling has been limited by the Gaussian equation and its 

assumptions for nearly 25 years. A new approach to the mathematics behind 

dispersion is needed to overcome the Gaussian limitations and launch a new state of 

the art in dispersion modeling. Introducing randomness and simulation to the 

dispersion modeling process may be one way to build a better model, but improved 

mathematics will come only with an elevated physical understanding through data 

collection. 
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APPENDIX CAL3QHC BASE CASE INTERSECTION
 
Description and Calculations
 

The following is a detailed description of the intersection used in the 

CAL3QHC sensitivity analysis section. Figure V.1 diagrams the layout of the four 

lane by two lane intersection with designated left turn lanes. CAL3QHC input and 

output files for this intersection are also included which contain all specific parameter 

values and can be interpreted with the instructions from the CAL3QHC User's Guide. 

Below, Table A.1 gives specific values for CAL3QHC and MOBILE5a input 

parameters, while Table A.2 lays out the traffic volume specifications for each 

intersection link. Parameters that are not listed here are assumed to be the default 

values as described in CAL3QHC and MOBILES a manuals, and an example of a 

model intersection construction is also provided. 

Table A.1. Base conditions for CAL3QHC and MOBILE5a input parameters 

Wind Speed 1 m/s
 

Atmospheric Stability Class D(4)
 

Traffic Volume/Capacity Ratio 88%
 

Signal Cycle Length (Pretimed Cycle) 120 sec
 

Red Light Time
 
Main St. 60 sec
 
Local St. 80 sec
 
Main St. Left Turn 100 sec
 

Yellow Light Time 2 sec
 

Start Up Delay Time 2 sec
 

Ambient Temperature (for MOBILE5a) 30° (F)
 

Average Speed (for MOBILE5a)
 
Main St. 25 mph
 
Local St. 20 mph
 

Idle Emissions calculated by
 
(MOBILE5a @ 2.5 mph) * 2.5
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There are three types of links: approach, departure, and queue. Each approach 

link has a corresponding queue link to account for times when the light is red and 

vehicles in the approach or through lane are stopped; and each link has a certain 

traffic volume associated with it. From the Highway Capacity Manual, a well 

maintained 12' wide lane can move a maximum of 1800 vehicles per hour and 

designated turn lanes can move up to 1400 vehicles per hour, and from there, we can 

construct an intersection with various levels of congestion. 

The links for this example are described as North Bound (NB) and South 

Bound (SB) for Main Street, and EB and WB for Local Street. In this example, 70% 

of all vehicles traveling through the intersection are on Main Street, 22% are on Local 

Street, and 8% are using the left turn only lane. On most busy streets, traffic tends to 

favor one direction over another during certain times of the day (e.g. rush hour), thus 

the NB approach link carries 53% of all Main Street through traffic while the SB lane 

carries 47%. Also, 5% of Main Street traffic in the approach lanes turns right while 

10% of Local Street vehicles turn right to join the Main Street departure links. 
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Table A.2. Traffic volumes assigned to the intersection links 

Link
 

MAIN STREET
 
NB Queue
 
NB Approach
 
NB Departure
 
NB Left Turn Only
 

MAIN STREET
 
SB Queue
 
SB Approach
 
SB Departure
 
SB Left Turn Only
 

LOCAL STREET
 
EB Queue
 
EB Approach
 
EB Departure
 

LOCAL STREET
 
WB Queue
 
WB Approach
 
WB Departure
 

Volume
 

1600 veh/hr
 
1780
 
1560
 
180
 

1405 veh/hr
 
1570
 
1375
 
165
 

450 veh/hr
 
450
 
655
 

450 veh/hr
 
450
 
660
 

The above parameters consist of the information needed to run the base case 

intersection with CAL3QHC for the sensitivity analysis, but the volume/capacity ratio 

discussion in section V.4 requires a few more calculations to maintain the same 

proportions of traffic for different overall capacity ratios. To construct an intersection 

with the same physical configuration as the base case at a certain capacity, first 

determine the total number of vehicles that could pass through the intersection at 

maximum (100%) capacity, then reduce that total to the desired percentage, and finally 

assign traffic volumes for each link based upon the proportions of the volumes 

described in Table A.2. 
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Example. Constructing an intersection at 70% capacity 

Step 1: Determine maximum volume for each street
 

Main Street (N /S) : (4 lanes) *
 (1800 veh/lane/hr) * (46.7% green
 
time) = 3362 veh/hr


Main Street (Left): (2 lanes) * (1400 veh/lane/hr) * (13.3% green
 
time) = 372
 

Local Street (E/W): (2 lanes) * (1800 veh/lane/hr) * (30.0% green
 
time) = 1080
 

TOTAL VEHICLFS = 4814 veh/hr
 

Step 2: Take desired percentage of total maximum volume from Step 1
 

New Total = (4814 veh/hr) * (70%) = 3370 veh/hr
 

Step 3: Divide New Total volume by street
 

Main Street (N /S): (3370 veh/hr) * (70%) = 2352 veh/hr
 
Main Street (Left) : (3370 veh/hr) * ( 8%) = 263
 
Local Street (E/W): (3370 veh/hr) * (22%) = 755
 

Step 4: Divide street allocations by queue link direction (NB, SB, EB,
 
WB)
 

NB Q:, (2352 veh/hr) * (53%) = 1250 veh/hr with 5% right turn = 62
 
veh/hr


SB Q: (2352 veh/hr) * (47%) = 1102 with 5% right turn = 55

EB Q: ( 755 veh/hr) * (50%) = 377 with 10% right turn = 38

WB Q: ( 755 veh/hr) * (50%) = 378 with 10% right turn = 38

NB Left Q: ( 263 veh/hr) * (53 %) . 137
 
SB Left Q: ( 263 veh/hr) * (47%) .= 126
 

Step 5: Add and subtract the appropriate turn lane volumes to their
 
corresponding approach and departure links
 

NB Approach: (1250 Q) + (137 NB Left) = 1387
 
veh/hr


NB Depart: (1250 Q) ( 62 NB Right) + (38 WB Right) = 1226
 
SB Approach: (1100 Q) + (126 SB Left) = 1226
 
SB Depart: (1100 Q) ( 55 SB Right) + (38 EB Right) = 1083
 
EB Depart: ( 377 Q) + (126 SB Left) (38 EB Right) = 465
 
WB Depart: ( 377 Q) + (137 NB Left) (38 WB Right) = 476
 

Input and output files 

An example CAL3QHC input and output file are provided at the end of the 

appendix. The first 25 lines of the input file are dedicated to the receptor coordinates 

(x,y,z) on the intersection grid where (0,0,0) is located at the center of the intersection. 

In this case, there are 24 receptors represented. The next main section provides 
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information about each link. The link is named (e.g. Main St NB Appr); the grade is 

indicated (e.g. AG = at grade); directional coordinates are given (x,y); traffic volumes, 

emission rates, and signal timing are also included. The last line of the input file 

contains meteorological information. (e.g. 1 m/s wind speed, stability class 4, 1000 

foot high air mixing ceiling, and wind direction taken every 10° for 360 °.) 

The output file first repeats the meteorological and site variables as input by the 

user. Volume/Capacity (V/C) ratios and queue lengths are calculated and reported. Next the 

receptor coordinates are repeated, and the model results follow. Model results are printed 

in table format where each receptor is named REC1 through REC36 and CO concentrations are 

calculated for 10° wind direction intervals from 0° to 360°. The three highest CO 

concentrations along with their corresponding receptor and wind direction are reported 

last. For a more detailed interpretation of these files, please refer to EPA's User's 

Guide to CAL3QHC Version 2.0. 
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cAl30:KIA&MELEZTL=LE: Base Case for Sensitivity Analysis 
1994 CASE1: 4 x 2 lane 8896 60.175. 0. 0.36 0.3048

R1 36.2 

. 

-22. 6 //Receptor Coordinates

R2
 40. -22. 6.//24 of 36 Receptors
 

55.
R3 -22. 6.//are shown here

R4 80. -22. 6.
 
R5 130. -22. 6.
 
R6
 36.2 -37. 6.
 
R7
 38. -37. 6.
 
R8
 40. -37. 6.
 
R9 36.2 -62. 6.
 
R10
 40. -62. 6.
 
R11
 36.2 -87. 6.
 
R12
 36.2 -112. 6.
 
R13
 40. -112. 6.
 
R14
 36.2 -137. 6.
 
R15
 40. -137. 6.
 
R16 -42. -22. 6.
 
R17 -57. -22. 6.
 
R18 -82. -22. 6.
 
R19 -132. -22. 6.
 
R20 -42. -37. 6.
 
R21 -42. -62. 6.
 
R22 -42. -112. 6.
 
R23 40. 22.
 6.
 
R24 55. 22. 6.//Link information:

BASE CASE1:1994
 14 1 0
 

1
 
Main St NB Appr AG 18. -1000. 18.
 

2
 
0. 1780.37.3 0. 46.
 

Main St NB Queue AG 18. -12. 18. -1000.
 0. 24. 2
 
120 60 2.0 1600 676.8 1800 1 3
 

2
 
Main St NB LeftQ
 AG 0.0 -12. 0.0 -200. 0. 12. 1
 

120 100 2.0 180 676.8 1400 1 3
 
1
 

Main St NB Dept
 AG 18. 0.0 18. 1000. 1560.37.3 0. 46.
 
1
 

Main St SB Appr AG -18. 1000.
 -18. 0. 1570.37.3 0. 46.
 
2
 

Main St SB Queue
 AG -18. 12. -18. 1000. 0. 24. 2
 
120 60 2.0 1405 676.8 1800 1 3
 

2
 
Main St SB LeftQ AG 0.0 12. 0.0 200.
 0. 12.
 

120 100 2.0 165 676.8 1400 1 3
 
1
 

Main St SB Dept
 AG -18. 0.0 -18. -1000. 1375.37.3 0. 46.
 
1
 

0. -6. 450.45.1 0. 22.
Local St EB Appr AG -1000. -6.
 
2
 

Local St EB Queue AG -32. -6. -1000. -6.
 0. 12. 1
 
120 80 2.0 450 676.8 1800 1 3
 

1
 
Local St EB Dept AG 0. -6. 1000. -6. 655.45.1 0. 22.
 

1
 
Local St WB Appr AG 1000. 6. 0.
 6. 450.45.1 0. 22.
 

2
 
Local St WB Queue
 AG 30. 6. 1000. 6. 0. 12. 1
 

120 80 450
2.0 676.8 1800 1 3
 
Local St WB Dept AG 0. 6. -1000. 6. 660.45.1 0. 22.
 
1. 0.4 1000. 0.Y 10 0 36
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CAL3OHC EXAMPLE OUTPUT FILE: Base Case for Sensitivity-Analysis
 

1 CAL3QHC: LINE SOURCE DISPERSION MODEL - VERSION 2.0, JANUARY 1992
PAGE 1
 
JOB: 1994 CASE1: 4 x 2 lane 88,5.
 RUN: BASE CASE1:1994
 

DATE: 03/18/94 TIME: 14:27
 

SITE & METEOROLOGICAL VARIABLES
 

VS = 0.0 CM/S VD = 0.0 CM/S ZO = 175. CM
 
U = 1.0 M/S CLAS = 4
 (D) ATIM = 60. MINUTES MIXH = 1000. M AMB =
0.0 PPM
 

LINK VARIABLES
 

LINK DESCRIPTION
 LINK COORDINATES (FT) LENGTH ERG TYPE VPH
EF H W VIC QUEUE
 
* X1 Y1 X2 Y2
 (FT) (DEG)


(G/MI) (FT) (FT) (Vai)
 

* 

1. Main St NB Appr 18.0 -1000.0 18.0 0.0 * 1000.
 360. AG 1780.

37.3 0.0 46.0
 

2. Main St NB Queue 18.0 -12.0 18.0
 -352.0 * 340. 180. AG 1815.

100.0 0.0 24.0 0.95 17.3
 

3. Main St NB LeftQ 0.0
 -12.0 0.0 -163.0 * 151. 180. AG 1513.

100.0 0.0 12.0 0.97 7.7
 

4. Main St NB Dept 18.0 0.0 18.0
 1000.0 * 1000. 360. AG 1560.

37.3 0.0 46.0
 

5. Main St SB Appr -18.0 1000.0 -18.0 1000. 1570.
0.0 * 180. AG

37.3 0.0 46.0
 

6. Main St SB Queue -18.0 -18.0
12.0 250.7 * 239. 360. AG 1815.

100.0 0.0 24.0 0.84 12.1
 

7. Main St SB LeftQ * 0.0 12.0 0.0
 130.3 * 118. 360. AG 1513.

100.0 0.0 12.0 0.89 6.0
 

8. Main St SB Dept * -18.0
 0.0 -18.0 -1000.0 * 1000. 180. AG 1375.
 
37.3 0.0 46.0
 

9. Local St EB Appr * -1000.0 -6.0 0.0 -6.0 *
 1000. 90. AG 450.

45.1 0.0 22.0
 

10. Local St EB Queue * -32.0 -6.0 -244.2
 -6.0 * 212. 270. AG 1210.
 
100.0 0.0 12.0 0.83 10.8
 

11. Local St EB Dept 0.0 1000.0 1000.
-6.0 -6.0 * 90. AG 655.
 
45.1 0.0 22.0
 

12. Local St WB Appr * 1000.0 6.0
 0.0 6.0 * 1000. 270. AG 450.
 
45.1 0.0 22.0
 

13. Local St WB Queue
 * 30.0 6.0 242.2 6.1 * 212. 90. AG 1210.
 
100.0 0.0 12.0 0.83 10.8
 

14. Local St WB Dept 0.0 6.0 -1000.0
 6.0 * 1000. 270. AG 660.
 
45.1 0.0 22.0
 
1
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JOB: 1994 CASE1: 4 x 2 lane 8896
 RUN: BASE CASE1:1994
 

DATE: 03/18/94 TIME: 14:27
 

ADDITIONAL QUEUE LINK PARAMETERS
 

LINK DESCRIPTION CYCLE RED CLEARANCE APPROACH SATURATION IDLE SIGNAL
 
ARRIVAL
 

LENGTH TIME LOST TIME VOL FLOW RATE EM FAC TYPE
 
RATE
 

(SEC) (SEC) (SEC) (VPH) (VPH) (gm /hr)
 

*
 

2. Main St NB Queue
 120 60 2.0 1600 1800 676.80 1
 
3
 

3. Main St NB LeftQ * 120 100 2.0 180
 1400 676.80 1
 
3
 

6. Main St SB Queue 120 60
 2.0 1405 1800 676.80 1
 
3
 

7. Main St SB LeftQ * 120 100 2.0 165 1
1400 676.80
 
3
 

10. Local St ES. Queue * 120 80 2.0
 450 1800 676.80 1
 
3
 

13. Local St WB Queue * 120 80 2.0 1800 1
450 676.80
 
3
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RECEPTOR LOCATIONS
 

*
 COORDINATES (FT)
 *
 RECEPTOR *
 X Y *
Z
 
*
 

*
 1. R1
 36.2 -22.0 6.0 *
 2. R2
 40.0 -22.0
 6.0 *
 3. R3
 55.0 -22.0
 6.0 *
 4. R4
 80.0 -22.0
 6.0 *
 5. R5
 130.0 -22.0
 6.0 *
 6. R6
 36.2 -37.0 6.0 *
 7. R7
 * 38.0 -37.0 6.0 *
 8. R8
 * 40.0 -37.0 6.0 *
 9. R9
 * 36.2 -62.0 6.0 *
 10. R10
 40.0 -62.0 6.0 *
 11. R11
 * 36.2 -87.0
 6.0 *
 12. R12
 36.2 -112.0 6.0 *
 13. R13
 * 40.0 -112.0 6.0 *
 14. R14
 * 36.2 -137.0 6.0 *
 15. R15 *
 40.0 -137.0 6.0 *
 
16. R16 *
 -42.0 -22.0 6.0 *
 17. R17 * -57.0 -22.0 6.0 *
 18. R18 * -82.0 -22.0 6.0 *
 
19. R19 *
 -132.0 -22.0
 6.0 *
 20. R20
 * -42.0 -37.0
 6.0 *
 21. R21
 * -42.0
 -62.0 6.0 *
 
22. R22
 * -42.0 -112.0 6.0
 *
 23. R23 *
 40.0 22.0 6.0 *
 24. R24
 * 55.0 22.0 *
6.0

25. R25 *
 80.0 22.0 *
6.0

26. R26
 * 130.0 22.0
 6.0 *
 27. R27
 * 40.0
 37.0 6.0 *
 28. R28
 * 40.0 62.0
 6.0 *
 
29. R29
 * 40.0 112.0 6.0 *
 30. R30 *
 -42.0 22.0 6.0 *
 
31. R31 *
 -57.0 22.0 6.0 *
 32. R32 *
 -82.0 22.0 *
6.0

33. R33 *
 -132.0 22.0 *
6.0

34. R34
 * -42.0 37.0
 6.0 *
 35. R35
 * -42.0 62.0
 6.0 *
 36. R36 * -42.0 112.0 6.0 *
 1
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JOB: 1994 CASE1: 4 x 2 lane 88%.
 RUN: BASE CASE1:1994
 

MODEL RESULTS
 

:
REMARKS In search of the angle corresponding to
 
the maximum concentration, only the first
 
angle, of the angles with same maximum
 
concentrations, is indicated as maximum.


WIND ANGLE RANGE:
 0.-360.
 

WIND *CCNCENTRATION
 
ANGLE * (PPM)
 
(DEXMR.)* REC1 REC2
 REC3 REC4 REC5 REC6 REC7 REC8 REC9
 REC10 REC11 REC12 REC13 REC14 REC15
REC16 REC17 REC18 REC19 REC20
 

*
 

O. * 10.0 9.2 6.7
 5.3 4.4 9.8 9.2 8.6 10.4 8.8
 11.1 11.8 9.7 12.1 10.1
12.2 8.9 5.2
6.6 10.7
 
10. * 6.9 6.3 4.7 4.1 3.9 6.4 6.0 5.7 6.2 5.2 6.3 5.2 5.4
6.6 6.8
15.2 11.9 8.7
 6.3 12.9
 
20. * 5.0
 4.5 4.0 3.9 3.8 4.4 4.0 3.9 3.8 3.6 2.8
3.3 3.6 3.4 2.9
15.0 13.4 10.3 7.3 12.2
 
30. 3.6 3.4 3.3 2.9 2.6 2.5 2.3 1.9 2.2 1.9
 

* 4.3 4.1 3.9 3.9 3.9
 
13.2 13.3 11.2 8.4 10.4
 

40. * 4.3 4.2 4.2 4.2
 4.2 3.4 3.4 3.3 2.7 2.6 2.3 1.9 1.8 1.7 1.6
10.7 11.9 11.3 9.2 8.3
 
50. * 4.7 4.6 4.5
 4.5 4.5 3.6 3.5 3.5 2.7
 2.6 2.2 1.8 1.7 1.5 1.4
8.8 10.2 10.9 9.7 7.4
 
60. * 4.9
 4.8 4.8 4.7 4.5 3.7 3.7 3.6 2.6 2.5 1.5
2.0 1.4 1.1 1.0
8.1 9.2 10.3 10.0 8.1
 
70. * 5.2 5.0 5.0 4.8 4.4
 3.5 3.5 3.4 2.2 2.1 1.5
 1.1 1.1 0.7 0.7
8.7 9.0 9.6 9.9 9.4
 
80. * 4.6 4.5 4.5
 4.3 3.8 2.8 2.8 2.8 1.7
 1.5 1.0 0.7 0.6 0.6 0.5
9.8 9.2 9.2
9.1 10.0
 
90. * 3.1 3.1 3.0 2.9 2.5 1.7 1.7
 1.7 0.8 0.8 0.3 0.2
0.4 0.3 0.2
 



91 
9.9 8.7 8.0 7.7 9.8
 
100. * 1.5 1.4 1.3
1.4 1.1
 0.7 0.6 0.6 0.3 0.2 0.2 0.1
9.1 7.7 6.6 5.8 8.7	 0.0 0.1 0.0
 
110. * 0.5 0.5 0.4 0.4 0.3 0.2 0.2 0.2
 0.1 0.1 0.1
8.2 7.0 5.8 4.5	 0.1 0.1 0.1 0.1
8.0
 
120. * 0.3 0.2
 0.1 0.1 0.1 0.2 0.2 0.1 0.2
8.5 7.2	 0.1 0.2 0.2 0.1
5.7 4.1 8.5	 0.2 0.1
 
130. * 0.3 0.2 0.0 0.0 0.0 0.3 0.3 0.2
 0.3 0.2 0.3 0.3
8.8 7.3 5.8 4.1 8.8	 0.2 0.3 0.2
 
140. * 0.3
0.5 0.0 0.0 0.0 0.3
0.5 0.3

9.4 7.8 5.9 3.7	 

0.5 0.3 0.4 0.4 0.3 0.4 0.3
9.3
 
150. * 0.9 0.5 0.0 0.0
0.0 0.9 0.6 0.5 0.9 0.5
 0.9 0.9 0.5
9.7 7.7 5.4 3.2 9.6	 0.9 0.5
 
160.
 * 2.4 1.7 0.4 0.1 0.0 2.4 2.0 2.4
1.6 1.6
9.5	 2.3 2.3 1.6 2.3
7.1 4.7 2.5 9.3	 1.5
 
170. * 4.7 0.8
6.2 1.9 0.1 6.0 4.7
5.3 5.9 4.5 5.7 4.3
8.0 3.2	 5.5 5.4 4.1
5.3 1.6 7.8
 
180. * 11.6 9.5
 5.0 2.4 0.8 11.4 10.3

5.1 3.0	 

9.3 11.1 9.0 10.7 10.3 8.4 10.0 8.2
1.5 0.6 4.9
 
190. * 15.5 13.3 8.3 2.1
 

2.2 1.0 0.4 0.2 2.2 
4.8 15.3 14.1 13.1 14.7 12.6 14.2 13.5 11.6 13.1 11.3
 

200. * 16.1 14.4 9.9 6.2
 3.2 15.9 15.0 14.2 15.4 13.7 14.9 12.5 11.9
0.7 0.1 0.0	 14.1 13.3
0.0 0.7
 
210. * 13.9
15.3 10.0
 6.8 4.0 15.1 14.5 13.7

0.2 0.0 0.0 0.0	 

14.8 13.4 14.4 13.5 12.2 12.5 11.3
0.2
 
220. * 14.0 12.9 9.7 4.3 13.4
7.0 13.9
 
0.2 0.0	 

12.8 13.8 12.7 13.5 12.9 11.7 11.7 10.6
0.0 0.0 0.2
 
230. * 12.7 11.7 6.8
9.1 4.5 12.7 12.2 11.7 12.6 11.7 12.5 12.2 11.2 11.0 10.1
0.1 0.0 0.0
0.0 0.1
 
240. * 12.0 11.4 8.7 6.5
 4.6 11.9 11.4 11.2 11.8 11.1 11.8 11.0
0.2 0.1 0.1 0.0 0.1	 

11.7 10.8 10.1
 
250. * 11.9 11.3 9.1 4.7 11.2
6.6 11.5 10.9 11.2 11.2
10.7 11.2 10.7 10.9 10.3
0.7 0.6 0.6 0.5 0.2
 
260. * 12.9 12.2 7.5
9.8 5.9 12.1 11.8 11.4 11.5 10.8 11.4 11.2 10.5 11.0 10.4
2.2 2.1 1.6
2.0 0.8
 
270. * 13.4 8.6
14.1 10.4
 7.3 13.5 13.2 12.8 12.4 11.8 11.9 11.7 11.5
4.4 4.3 3.6	 11.1 10.8
4.1 2.1
 
280. * 13.9 13.3
 10.7 8.8 8.1 14.3 13.8 13.6 13.2 12.5 12.0 11.8
12.5 11.3 11.2
5.9 5.9 5.7 5.2
 3.5
 
290. * 12.6
 11.8 9.6 8.6 8.3 14.0 13.6 13.1 13.7 13.0
13.0 12.6 11.9 12.1 11.5
6.4 6.3 6.2 5.8 4.1
 
300. * 11.5 10.9 9.2 8.9
 8.7 13.5 13.3 12.8 14.1 13.5 13.8 13.5 13.1
12.8 12.5
5.9 5.9 5.9 5.8 4.1
 
310. * 11.5 10.7 9.8
 9.4 8.4 13.5 12.8 12.5 14.8 13.6 14.7 13.4 13.3
14.2 14.0
5.5 5.5 5.5 5.5
 4.0
 
320. * 12.3 11.6 10.7 9.9 7.8 14.1 13.5
 12.8 15.3 15.6 14.5
14.2 15.7 15.4 14.5
5.0 5.0 5.0 4.9 3.6
 
330. * 13.3 12.7 11.2 9.4 7.0 14.7 13.9 16.2 16.8
13.3 14.7 17.0 15.4 16.8 15.5
4.9 4.7 4.7 4.7 3.7
 
340. * 13.4 12.7
 10.7 8.4 6.0 14.5 13.8 13.2 16.2 14.1 17.0 17.6 18.0
15.8 16.1
5.7 4.8 4.6 4.5 4.4
 
350. * 12.4 11.6 9.2 5.2 12.2
6.9 13.0
 11.4 14.4 12.5 15.4 16.3 14.1 16.8 14.6
8.1 6.1 5.1 4.6 6.8
 
360. * 10.0 9.2 6.7 5.3
 4.4 9.8 9.2 8.6 10.4 8.8 11.1 11.8 9.7 12.1 10.1
12.2 8.9 5.2
6.6 10.7
 

*
 

MAX * 16.1 14.4 11.2 8.7 15.0
9.9 15.9
 14.2 16.2 14.7 17.0 17.6 15.8 18.0 16.1
15.2	 13.4 11.3 10.0 12.9
 
DEGR. * 200 330
200 320 300 200 200 200 330 330 340 340 340 340 340
10 20 40 60 10
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JOB: 1994 CASE1: 4 x 2 lane 88%
 RUN: BASE CASE1:1994
 

MODEL RESULTS
 

REMARKS : In search of the angle corresponding to
 
the maximum concentration, only the first
 
angle, of the angles with same maximum
 
concentrations, is indicated as maximum.
 

WIND ANGLE RANGE:
 0.-360.
 

WIND * CONCENTRATION
 
ANGLE * (PPM)
 

(DEGR)* REC21 REC22 REC23 REC24 REC25 REC26 REC27 REC28 REC29 REC30 REC31 REC32 REC33 REC34 REC35
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REC36
 

0. 
6.3 

* 9.0 7.8 5.1 2.8 1.5 0.6 4.8 4.6 4.2 7.7 4.0 1.8 0.6 7.4 6.9 
10. 

9.2 
* 11.0 9.9 2.5 1.0 0.4 0.1 2.2 2.2 2.1 11.1 6.8 3.7 1.6 10.8 10.1 

20. 
10.2 

* 10.3 9.9 0.9 0.2 0.1 0.0 0.9 0.9 0.9 12.5 8.5 5.1 2.4 12.1 11.4 
30. 

10.1 
* 8.7 9.7 0.4 0.0 0.0 0.0 0.4 0.4 0.4 12.5 9.1 6.0 3.1 12.3 11.6 

40. 
9.6 

* 8.4 10.0 0.2 0.0 0.0 0.0 0.2 0.2 0.2 12.0 9.0 6.3 3.8 11.9 11.5 
50. 

9.1 
* 9.0 10.1 0.2 0.0 0.0 0.0 0.2 0.2 0.2 11.1 8.8 6.5 4.1 11.1 10.9 

60. 
9.0 

9.8 9.9 0.2 0.1 0.1 0.0 0.1 0.1 0.1 10.8 8.5 6.3 4.2 10.7 10.6 
70. 

9.3 
* 10.0 9.1 0.8 0.6 0.6 0.5 0.3 0.1 0.1 10.7 8.6 6.5 4.6 10.4 10.2 

80. 
9.7 

* 9.8 8.8 2.2 2.1 2.0 1.6 0.8 0.3 0.0 11.7 9.5 7.3 5.8 11.1 10.5 
90. 

10.5 
* 9.1 8.5 4.4 4.3 4.1 3.6 2.1 0.9 0.2 12.8 10.3 8.4 7.3 12.3 11.4 

100. 
10.8 

* 8.4 8.1 5.9 5.9 5.7 5.2 3.4 1.7 0.6 12.7 10.3 8.7 8.1 13.0 12.1 
110. 
11.5 

7.9 7.9 6.4 6.3 6.2 5.8 4.1 2.5 1.2 11.4 9.4 8.7 8.3 12.6 12.6 
120. 
12.3 

* 8.4 8.2 5.9 5.9 5.9 5.8 4.1 2.7 1.6 10.2 9.1 8.9 8.6 12.3 12.9 
130. 

12.8 
8.7 8.2 5.5 5.5 5.5 5.5 4.1 2.9 1.8 10.3 9.5 9.4 8.6 11.7 13.2 

140. 
13.9 

9.2 8.2 5.0 5.0 5.0 4.9 3.7 2.8 1.8 11.4 10.6 9.9 8.2 12.1 13.5 
150. 
14.7 

9.3 7.9 5.0 4.7 4.7 4.7 3.8 2.8 2.1 12.5 11.3 9.8 7.6 12.6 13.8 
160. 
15.1 

* 8.8 7.4 6.1 4.9 4.6 4.5 4.7 3.8 2.9 12.9 11.2 8.9 6.5 12.7 13.6 
170. 

13.4 
* 7.3 6.3 9.3 6.6 5.3 4.6 8.0 6.5 5.3 11.6 9.5 7.3 5.4 11.2 11.9 

180. 
9.2 

* 4.6 4.2 14.2 9.9 7.2 5.5 12.4 10.4 9.0 9.1 7.0 5.6 4.5 8.4 8.4 
190. 

4.6 
* 2.0 2.0 16.9 13.3 9.7 6.7 14.4 12.2 10.8 6.0 4.9 4.3 3.9 5.2 4.8 

200. 
2.6 

* 0.7 0.7 16.1 14.4 11.2 8.1 13.0 11.0 10.7 4.4 3.9 3.8 3.8 3.7 3.0 
210. 

1.7 
* 0.2 0.2 13.6 13.8 11.8 9.1 10.6 9.4 10.2 4.0 3.9 3.9 3.9 3.2 2.5 

220. 
1.7 

* 0.2 0.2 11.0 12.3 11.6 9.7 8.6 8.8 10.4 4.2 4.2 4.2 4.2 3.2 2.5 
230. 
1.6 

0.1 0.1 8.8 10.5 10.9 9.9 7.9 9.1 10.4 4.6 4.5 4.5 4.5 3.4 2.5 
240. 
1.4 

0.1 0.1 8.2 9.2 10.3 10.0 8.5 10.2 10.0 4.9 4.9 4.8 4.5 3.6 2.5 
250. 

1.0 
* 0.0 0.0 9.1 9.2 9.8 9.8 9.7 10.3 9.5 5.0 5.0 4.8 4.4 3.4 2.0 

260. 
0.6 

* 0.3 0.0 10.2 9.3 9.2 9.3 10.3 10.0 8.9 4.5 4.5 4.3 3.8 2.8 1.5 
270. 
0.3 

* 0.9 0.2 10.1 8.9 8.0 8.0 10.0 9.3 8.5 3.1 3.0 2.9 2.5 1.7 0.8 
280. 
0.0 

* 1.7 0.6 9.4 7.8 6.6 5.8 8.9 8.7 7.9 1.4 1.4 1.3 1.1 0.6 0.2 
290. 
0.0 

* 2.4 1.1 8.4 7.2 6.0 4.5 8.2 8.1 7.2 0.4 0.4 0.4 0.3 0.1 0.0 
300. 

0.1 
* 2.7 1.6 8.6 7.2 5.8 4.0 8.5 8.5 7.0 0.2 0.1 0.1 0.1 0.1 0.1 

310. 
0.2 

* 2.8 1.7 9.1 7.5 5.7 3.7 9.0 8.8 7.0 0.2 0.0 0.0 0.0 0.2 0.2 
320. 
0.2 

* 2.8 1.B 9.6 7.7 5.6 3.2 9.5 9.1 7.0 0.2 0.0 0.0 0.0 0.2 0.2 
330. 
0.3 

* 2.7 1.8 9.7 7.4 4.8 2.6 9.4 8.8 6.8 0.4 0.0 0.0 0.0 0.4 0.4 
340. 
1.0 

* 3.3 2.5 9.1 6.4 4.0 1.9 8.7 7.9 6.4 1.1 0.3 0.1 0.0 1.1 1.1 
350. 

2.9 
* 5.5 4.5 7.6 4.8 2.9 1.4 7.3 6.7 5.7 3.5 1.4 0.5 0.1 3.4 3.3 

360. 
6.3 

* 9.0 7.8 5.1 2.8 1.5 0.6 4.8 4.6 4.2 7.7 4.0 1.8 0.6 7.4 6.9 

* 
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MAX * 11.0 
15.1
D. * 10 

160 

10.1 

50 

16.9 

190 

14.4 

200 

11.8 

210 

10.0 

240 

14.4 

190 

12.2 

190 

10.8 

190 

12.9 

160 

11.3 

150 

9.9 

140 

8.6 

120 

13.0 

100 

13.8 

150 

THE HIGHEST CONCENTRATION IS 18.00 PPM AT 340 DEGREES FROM REC14. 
THE 2ND HIGHEST CONCENTRATION IS 17.60 PPM AT 340 DEGREES FROM REC12. 
THE 3RD HIGHEST CONCENTRATION IS 17.00 PPM AT 340 DEGREES FROM REC11. 




