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ABSTRACT 

Citizens in the United States are fortunate to have an excellent system of roadways and the 

affluence with which to afford automobiles.  The flexibility of travel on demand for most allows 

for a variety of lifestyles, assists with conducting business, and contributes to the feeling of 

freedom that most citizens enjoy.  The current vehicle fleet, which is primarily powered by 

internal combustion engines burning fossil fuels, does however contribute to the deterioration of 

air quality.  This effect is particularly significant in metropolitan areas.  Motor vehicle exhausts 

contain several combustion bi-products that pose harmful effects to the environment and human 

health, in particular.  The United States Environmental Protection Agency (EPA) and the Federal 

Highway Administration (FHWA) have selected carbon monoxide (CO) as the air pollutant on 

which it has based its guidelines for assessing potential air quality impacts from roadway 

construction (EPA 1992). 

The design of roadway networks must consider traffic flows, Level of Service (LOS), cost, and 

National Ambient Air Quality Standards (NAAQS) requirements.  In light of the environmental 

standards it is necessary to model to estimate potential future near-road concentrations of CO.  

This modeling has two aspects, first determining the rate of pollutant emissions, and second 

determining how those pollutants disperse near the road.  Obtaining a precise, realistic estimate 

of the near-road CO concentrations under a wide variety of weather and traffic patterns is a 

potentially huge undertaking.  With budgetary constraints in mind, the development of a 

screening model is appropriate.  CO Florida 2012 (COFL2012) is such a model that uses 

conservative assumptions to predict worst-case, near-road CO concentration.  Projects that pass a 

COFL2012 model run do not require additional air quality modeling.  Projects that fail a 
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COFL2012 model run, however, may still be viable, but will require additional, detailed 

modeling and possibly project modifications. 

COFL2012 uses tables of emission factors (EFs) that were derived from numerous runs of the 

EPAôs MOtor Vehicle Emission Simulator (MOVES2010a), which is indicated as the preferred 

model for near-road modeling of CO.(EPA 2009)
  
COFL2012 then inputs the EFs, along with 

assumed link configurations, geographical assumptions, and user-inputted traffic information 

into input files that are run through CAL3QHC Version 2.0 (CAL3QHC2), the EPAôs approved 

near-road dispersion model (EPA 1995). 

COFL2012 is a brand new Florida CO screening model, written from scratch.  This author has 

written the computer code for COFL2012 in Visual Basic, using Microsoft Visual Studios 2010. 

Visual Studios utilizes the .net Framework 4.  COFL2012 is easy to learn, quick to operate, and 

has been written to allow for future updates simply and easily, whenever the EPA releases 

updates to the databases that feed MOVES2010a. 
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CHAPTER 1: INTRODUCTION  

Sources of Carbon Monxide 

Carbon monoxide (CO) occurs naturally in the earthôs environment and also results from the 

combustion of fuels by humans.  In North America, the natural environment produces about 10 

Tg-C of CO annually.  About 60% of this production is due to the burning of biomass in 

wildfires and prescribed burns.  The other 40% is due to the production from soil organics, net of 

those that consume CO in their metabolic processes (Guenther et al. 2000). 

The CO that is produced as the result of combustion, whether it is biomass or fossil fuels, is due 

to incomplete burning.  In ñperfectò burning, hydrocarbon fuel is ignited in the presence of air 

(primarily oxygen and nitrogen) and converted to carbon dioxide (CO2), water, and unaffected 

nitrogen.  Realistic combustion, however, produces unburned hydrocarbons, nitrogen oxides 

(NOx), and CO, in addition to CO2, water, and unaffected nitrogen.  Of the biomass burned in 

wildfires and prescribed burns, carbon is transformed to carbon CO2 at approximately a 10:1 

ratio, relative to CO (Guenther et al. 2000).  In the controlled combustion of fossil fuels in 

Internal Combustion Engines (ICE), this ratio is higher, but CO emissions are still significant and 

exceed natural sources in areas of dense ICE vehicle traffic.  ñOn a global scale, natural 

emissions of nitric oxide (NO), carbon monoxide (CO), and non-methane volatile organic 

compounds (NMVOC) equal or exceed anthropogenic emissions, although anthropogenic 

sources usually dominate within urban areasò (Guenther et al. 2000). 

Hydrocarbon combustion reactions can be generalized as a two-step process as shown in 

Equations 1 and 2, where the first reaction occurs much more quickly.  CO can stay briefly as an 
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intermediate product or remain as an end product, depending upon factors such as available 

oxygen, turbulence, temperature, and pressure. 

ὅὌ ὕ ᴼὼὅὕ Ὄὕ                                              (1) 

ὼὅὕ ὕ ᴼὼὅὕ                   (2)                          

CO from the burning of biomass tends to occur in less densely populated areas and is rarely a 

concern for human health.  The potential for human health consequences from CO poisoning is 

greatest near enclosed combustion sources, such as in residences, mines, industrial settings, and 

near heavily trafficked areas that feature extended idling, such as at traffic signals.  Death from 

CO poisoning in homes is rare today, as safer furnaces and water heaters have been created.  

Many homeowners have also installed CO meters with alarms as an added safeguard.  The 

original CO alarms were the canaries in the coalmines, whose death alerted miners of the build-

up of poisonous gases, including CO.  Exposure to CO and other hazards in industry is under the 

dominion of the Occupational Safety and Health Administration (OSHA).   

Health Impacts of Carbon Monoxide Exposure 

CO is a colorless, odorless gas that can cause significant human health effects, including death 

from hypoxia at high concentration exposures.  Less severe health impacts include dizziness, 

headaches, and cardiovascular problems, such as angina.  CO is listed by the EPA as one of the 

six criteria pollutants (76 FR 54294, 2011).  The major source of CO is mobile sources, and this 

is the main reason that CO has been chosen for use in screening modeling for roadway projects 

(EPA 2000). 
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CO that enters the human lungs will react with hemoglobin in the blood to form 

carboxyhemoglobin (COHb), which inhibits the transfer of oxygen from the lungs to body cells 

and leads to the afore-mentioned health problems.  Hemoglobin is the bloodôs iron-based oxygen 

transport system.  The problem when CO is ingested by the body is that hemoglobin binds 

preferentially with CO, compared to oxygen at a ratio of 240:1 (West 1995), thus leaving oxygen 

without an effective transport system to be delivered to the cells of the body.  The young, old, 

pregnant, and those with other health problems are particularly at risk from the harmful effects of 

CO poisoning. 

Knowing that CO inhalation can cause adverse health effects, including potentially death, The 

U.S. Environmental Protection Agency (EPA) was tasked with determining the appropriate 

primary National Ambient Air Quality Standards (NAAQS) for CO in terms of both levels and 

averaging times.  The task was performed by back-engineering from levels of COHb that 

produced deleterious effects in experiments with human subjects.  The determined, harmful 

levels of COHb were then considered net of baseline levels.  EPA then considered the CO 

exposure and change in COHb, using the Coburn, Foster, and Kane (CFK) differential equation 

as shown in Equation 3 (EPA 2000). 

  

               (3)  

 

where 

Vb = Blood volume in milliliters 

STPD = Standard temperature and pressure, dry 
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[COHb]t  = COHb concentration at time t (mL CO / mL blood, STPD) 

VCO = Endogenous CO production rate (mL / minute, STPD) 

[COHb]0 = COHb concentration at time zero (mL CO/ mL blood, STPD) 

[O2Hb] = Oxyhemoglobin concentration (mL O2 /  mL blood, STPD) 

PcO2 = Average partial pressure of O2 in lung (mL Hg, STPD) 

VA = Alveolar ventilation in (mL / minute, STPD) 

DLCO = Lung diffusing capacity of CO (mL / min / mL of Hg, STPD) 

PICO = Partial pressure in inhaled air (mL Hg, STPD) 

 

EPA (2000) discussed at length how the CFK equation was used in conjunction with the 

observed changes in subject health exposed to low to moderate CO levels in studies to arrive at 

the primary NAAQS as required by the Clean Air Act of 1970 (CAA).  

Governing Legislation 

In 1970 the Congress of the United States passed the CAA and President Richard Milhous Nixon 

signed the bill into law.  The law requires the EPA to set the NAAQS for CO, lead, nitrogen 

dioxide, ozone, particulate matter, and sulfur dioxide.  The law provides primary and secondary 

standards of protection.  Primary standards apply to the protection of public health, with 

particular attention to the most vulnerable citizens, while secondary standards apply to the 

protection of property and aesthetic considerations.  CO is a pollutant to which primary health 

standards apply.  The original NAAQS for CO have remained unchanged through three revisions 

at 9 parts per million (ppm) on an 8-hour averaging basis and 35 ppm on a 1-hour averaging 

basis, neither standard to be exceeded more than once per year (EPA 2000).  

. 

. 
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Section 10 of the CAA (42 U.S.C. §7410) requires that federally supported roadway projects 

conform to each State Implementation Plan (SIP).  Conforming to the SIP means that new 

roadway projects will not cause or contribute to causing any new NAAQS violations.  In 

addition, any new projects will not delay the attainment of standards that are presently in non-

attainment.  The transportation conformity rule (40 CFR Parts 51 and 93) states that the latest 

EPA-approved emissions model be used for all conformity analyses.  EPA approved 

MOVES2010a for use in these analyses on March 2, 2010, with a two-year implementation grace 

period.   After March 2, 2012 MOVES2010a became the required model for transportation 

conformity (75 FR 40, 2010). 

The EPA is charged with promulgating the NAAQS, based on the latest literature regarding the 

adverse human health effects of air pollutant concentrations.  In 1970, as part of the CAA, 

NAAQS were promulgated for CO at levels of 9 ppm for an 8-h average and 35 ppm for a 1-h 

average.  These CO standards were reviewed in 1979, 1984, and 1991 and remained the same 

(EPA 2000).  EPA responded to requests to examine new studies regarding health effects of CO 

made during its hearing on February 28, 2011 by indicating that those particular studies would be 

considered during the next CO NAAQS review, which it expects to begin shortly after the 2011 

review has been finalized (U.S. Government Printing Office 2011). 

In 1992, the Office of Air Quality Planning and Standards (OAQPS) of the EPA issued its 

Guideline for Modeling Carbon Monoxide from Roadway Intersection, which stated: 

This guideline is appropriate for project level analyses in accordance with State 

Implementation Plans (SIPs), including conformity analyses.  This guidance may 

also be used for Environmental Impact Statements (EISs).  Development projects 

such as street and intersection reconfigurations, mall constructions, and other 

construction projects that could significantly affect traffic patterns will require air 
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quality impact assessment.  For such studies, the effect of the project on traffic, 

congestion, and subsequent air quality impacts must be studied.  This guideline 

offers guidance for applying dispersion and emission modeling techniques for 

such analyses (EPA 1992). 

 

The guideline stated that CAL3QHC Version 2.0 (CALQHC2) had been recommended for use in 

CO intersection modeling.  It also named the latest version of MOBILE as its recommended 

emissions model (EPA 1992).  As previously stated, MOBILE has been replaced by 

MOVES2010a as the EPAôs required emissions model.  Future versions of the guideline will 

reflect this change. 
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CHAPTER 2: LITERATURE REVIEW  

Modeling Background 

Given that the EPA has issued NAAQS for CO and other air pollutants of concern, it is necessary 

for transportation professionals to develop modeling techniques to avoid the ñbuild it and hopeò 

scenario.  In order to provide for the protection of human health, air quality modeling is used to 

estimate future CO concentrations at locations of concern.  Modeling has been used at the 

highway project level, as an aid in siting air quality monitoring stations, and to evaluate the 

effects of SIP control strategies (EPA 1992). 

Modeling for the large number of distinct projects individually would be prohibitive both from a 

financial cost and time cost perspective.  Many screening models have been developed over the 

years to aid with this task.  Screening models are intended to represent future worst-case 

scenarios, based on conservative assumptions throughout.  Near-road CO screening models are 

intended to provide estimates of future near-road CO concentrations based upon assumptions of 

peak traffic flow rates, highest likely average emission factors (EFs), relatively stable 

atmospheric conditions, lowest temperatures, and slowest wind speeds.  Proposed roadway 

configurations that pass the screening test under these conditions will not require additional, 

detailed modeling be performed and save considerable expense. 

The EPAôs Guideline for Modeling Carbon Monoxide from Roadway Intersections (1992) 

provides suggested steps for screening modeling, which are summarized as they apply to a near-

road CO screening model as follows: 
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1. Describe the project using the traffic flow projections made by traffic engineers and the 

likely approach speeds.   

2. Determine the air quality goals of the analysis.  In the case of modeling for near-road CO 

concentrations, the goals are not exceeding the CO NAAQS which are 35 ppm with a 1-

hour averaging time and 9 ppm with an 8-hour averaging time.  

3. Assemble all the user-input data. 

4. Assemble all the roadway geometries and receptor locations.  

5. Apply the CALQHC2 model to determine the 1-hour CO concentrations at each of the 

chosen receptors.  

6. In the event that the project fails the screening model run, the proposed specifications 

need be revisited to consider modifications such as lane reconfiguration, traffic diversion, 

or other techniques. 

These steps for screening modeling all need be considered in light of conservative, worst-case 

assumptions.  For instance, CO emissions vary with temperature, which is a function of month 

and time of the day.  Near-road CO screening models typically use the weekday morning peak 

traffic hour in winter as the conservative, worst-case scenario on which to base runs of the EF 

model (EPA 1992). 

The users of near-road CO screening models are typically transportation engineers and planners.  

The users need to provide the projected traffic volumes and speeds as model inputs for future 

scenarios.  Screening model runs are only as good as the quality of data inputs.  The Florida 

Standard Urban Transportation Model Structure (FSUTMS) incorporates transportation 
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modeling software and information technologies, with which transportation professionals 

analyze needs and trends and make plans.  The 2005 FDOT report ñEnhancing the Florida 

Standard Model Using new Information Technologiesò (Pendyala 2005) stated its objectives as: 

a) To design a flexible and user-friendly transportation modeling environment where 

users can define custom travel demand models that are most appropriate in their 

respective context 

 

b) To identify methodologies for translating, converting, merging, and integrating 

existing travel demand modeling databases into the new transportation modeling 

environment 

 

c) To develop guidelines for a new modeling platform that integrates Geographic 

Information Systems (GIS) with transportation modeling processes 

 

d) To update and revise the information management systems in the Florida 

Standard Model so that all data management is consistent with new data 

structures, formats, and information technologies/software 

 

e) To research the integration of statewide freight and passenger models with the 

new travel demand modeling systems 

 

f) To develop plans for the enhancement of transit modeling technologies, tools, and 

methods in FSUTMS 

 

g) To formulate plans for the development of information technology resources for 

Florida travel survey data collection and analysis 

 

h) To gather information on the information technology enhancements that the 

Model Task Force and the modeling community in the state would like to have 

incorporated into FSUTMS in the future. 

 

FSUTMS has incorporated travel demand modeling advances that have resulted from the federal 

Travel Model Improvement Program (TMIP), including the use of TRANSIMS, GIS, real-time 

microsimulations, and the seamless interface of microscopic and macroscopic traffic models.  

Traffic engineers are able to utilize these recent, technological advancements to produce better 
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estimates of future travel demand.  These estimates are used as inputs in CO screening models 

for predicting potential NAAQS exceedances (Pendyala 2005). 

FSUTMS is a system of mathematical models that operates via a program called Cube, produced 

by Citilabs.  Cube 6.0 was released in 2011 and now incorporates a cloud-based platform which 

allows for parallel processing across arrays of remote processors and boasts ñcutting run times up 

to 80% as compared to the typical desktop environmentò (Florida Model Task Force 2011). 

Dispersion Modeling Background 

Given modeled near-road CO emissions, the concentration of CO at various points under 

consideration (aka receptors) will depend largely on how the emissions disperse under the 

influence of winds and vehicle turbulence in addition to concentration and temperature gradients.  

CAL3QHC2 is presently the EPA-approved model indicated for this task.  CAL3QHC2 is one of 

several Gaussian-based dispersion models.  CAL3QHC2 utilizes the CALINE3 dispersion 

model, with the addition of a traffic queuing algorithm.  Per the EPA (1993): 

The CAL3Q model was developed by EPA Region I in 1987; and successive 

versions of the CALINE model were developed by California, with CALINE3 

(Benson1979) in 1979 and CALINE4 (Benson1989) in 1984.  Most of these 

models have been used in areas of the country outside the state in which they 

were originally developed.  It should be noted that CALINE3 is simply a 

dispersion model and does not contain an emissions or traffic component as do 

the other models mentioned.  In fact, the dispersion component of these other 

models is essentially CALINE3 with, in some cases, very minor modifications. 

 

The Gaussian model employed by CALINE3 is essentially a statistical dispersion model that 

makes concentration predictions based upon ñrandomò turbulent dispersion in the near-ground 

atmosphere.  Pasquill (1961) modeled these behaviors using a double Gaussian equation, which 
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predicts that concentrations will be normally distributed around a maximum. The predicted 

dispersion radiates perpendicularly to the direction of wind flow.  CALINE3, and subsequently 

CAL3QHC2, allow the user to analyze the spectrum of wind directions at a given, constant wind 

speed.  Near-road CO screening models typically use 1 m/s as the constant wind speed, which is 

the slowest wind speed for which the assumptions of the Gaussian model remain accurate. It was 

further noted by Williamson (1973) that the pollutant concentration downwind was normally 

distributed in the vertical direction.  The normal dispersion of pollutants in both the horizontal 

and vertical directions gives the distribution its bi-normal designation (Cooper and Alley 2011). 

Researchers noted by Nagendra and Khare (2002) have verified this fact with the help of lab 

experiments. Equation 4 shows a Gaussian equation for a point source is given by:  

 

       (4)  

where 

C = steady state concentration at a point(x,y,z) (mg/m
3
)  

Q = emissions rate, (mg/s) 

ů y, ů z = horizontal and vertical spread parameters, (m) 

(these are function s of distance, x, and atmospheric stability.) 

 

u = average wind speed at a stack height, (m/s) 

y= horizontal distance from plume centerline, (m)  

z= vertical distance from ground level, (m)  

H = effective stack height, H=h+ȹh, (m), where h = physical stack height and  

ȹh = plume rise, (m) (Cooper and Alley 2011) 
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Equation 4 has incorporated an ñimage sourceò to incorporate the pollutant that disperses 

downward to hit the ground and reflect back up.  This concept is demonstrated graphically in 

Figure 1.  Cooper and Alley (2011) present a more thorough derivation of Equation 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Dispersion Image Source (Cooper and Alley 2011) 
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Figure 2 illustrates the ñbi-normalò nature of the dispersion modeled by Equation 4.  The 

dispersion is normally distributed in the y and z directions. 

 

 

 

 

 

 

 

 

                              Figure 2.  Downwind Dispersion (Cooper and Alley 2011) 

 

It is noted that Equation 4 relies on certain assumptions.  The model assumes a constant emission 

rate, wind direction, and wind speed.  It also assumes that the meteorological conditions are 

constant at the source and receptors.  Further, the model reflects a conservation of species as 

concentrations predicted are purely based upon physical dispersion and do not allow for 

chemical reactions. 

Line Source Models 

The Gaussian-based Equation 4 models dispersion from a point source.  In order to model 

pollutant concentrations that disperse from vehicles idling and in motion, an infinite number of 

points of emission would need to be juxtaposed.  This is obviously not feasible, thus the concept 
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of line source modeling was developed by the California Department of Transportation 

(CALTRANS) and employed in its CALINE models, beginning in 1972.   

The concept of line source modeling uses a finite number of finite length line sources that are 

perpendicular to a constant wind direction to simulate the emissions from vehicles on the 

roadway.  Figure 3 presents an example of a stretch of roadway that is being modeled by seven 

line sources that bi-sect seven roadway ñelementsò. 

 

                 

 

 

 

 

 

 

 

 

 

                         Figure 3.  Element Series Represented by Line Sources (Benson 1989) 
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A close up on a single finite line source is shown in Figure 4.  Note the horizontal dispersion 

parameter, sy, which is joined by the vertical dispersion parameter, sz in Equation 5, which 

produces the differential pollutant concentration at the receptor in the figure.  

                                                                                                                                            (5) 

 

where 

 

dC = Incremental concentration (mg/m
3
) 

q = Lineal source strength (mg/m*s) 

u = Wind speed (m/s) 

H = Source height (m) 

sy, sz = Horizontal and vertical dispersion parameters (m) 

 

                    

 

 

 

 

 

 

 

 

            Figure 4.  Finite Line Source Example (Benson 1989) 
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The horizontal and vertical dispersion parameters, sy and sz can be estimated in several ways.  

The most prevalent method, historically, has been by using a set of curves developed by Pasquill 

and Gifford as presented in Turner (1970).  The curves were created experimentally based upon a 

3 minute sampling time, using a surface roughness of 3 cm, and under meteorological conditions 

with wind speeds > 2 m/s.  Both parameters are functions of the distance downwind from a point 

or line source and the stability class.  The CALINE models and those based on their algorithms 

determine these parameters internally, using a user-inputted stability class.   

Beyond the line source model concepts, incorporated into the CALINE models, a defining aspect 

of these models is the ñmixing zoneò.  Within the mixing zone, mechanical turbulence and 

thermal turbulence work in tandem to modify the simple Gaussian dispersion model.  The 

boundaries of the mixing zone are defined by user model inputs.  For conservative, screening 

models 1000 meters is typically used for the mixing height.  The mixing width for any given link 

is determined by adding a 3 meter buffer onto each side of the traveled way, as shown in      

Figure 5 (EPA 1995). 
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  Figure 5.  Mixing Zone Concept (Benson 1989) 

 

CAL3QHC2 

The line source model used in the CALINE models has served as the basis of many other near-

road dispersion models, including CAL3QHC2.  In addition to the line source dispersion model, 

CAL3QHC2 incorporates an algorithm for estimating the length of vehicle queue links at 

intersections, based upon user-inputted traffic signal type and timing, vehicle flow rates, vehicle 

arrival type, and roadway Saturation Flow Rates (SFR).  CAL3QHC2 can accommodate up to 

120 roadway links, 60 receptor locations, and 360 wind angles (EPA 1995). 

The CAL3QHC2 user must provide many inputs in order to make model runs that are realistic.  

Of these inputs, the atmospheric stability class is quite important.  The stability class chosen will 

have a significant effect on the previously-discussed dispersion parameters, sy and sz, which will 
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in turn affect the pollutant concentrations predicted by the model.  In terms of the actual physical 

dispersion, relatively stable air with less mixing will cause near-road concentrations to be higher 

than less stable air with greater mixing.  The stability classes presented in Figure 6 are listed with 

letters from very unstable (A) to very stable (F).  The naming convention for CAL3QHC2 is 

from very unstable (1) to very stable (6).  For near-road screening models, stability class D is 

typically used for urban and suburban scenarios and E is used for rural scenarios (Cooper and 

Keely 2004). 

 

 

 

 

 

 

      Figure 6.  Key to Stability Classes (Turner 1970) 

 

Another CALQHC2 user input with great significance is the roughness coefficient, Zo.  The 

urban area has the highest surface roughness coefficient, which causes greater near-ground wind 

turbulence.  The result of the greater turbulence and mixing is lower concentrations, given equal 

emissions.  For conservative, screen models Zo values of 175 cm for urban use, 108 cm for 

suburban use, and 10 cm for rural use have been employed in near-road screening models.   
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Table 1 presents an example of how varying the surface roughness and stability class parameters 

effects the CO concentrations modeled with CAL3QHC2. 

        Table 1.  Effects of Surface Roughness and Stability Class on CO Concentrations
*
 

Surface 

Roughness, Zo 

(cm) 

Stability Class D Stability Class E Stability Class F 

10 7.8 10 13.9 

25 7.1 9.4 13.5 

50 6.8 8.8 13.1 

75 6.8 8.7 12.7 

108 6.4 8.6 12.6 

125 6.3 8.5 12.4 

150 6.2 8.3 12.3 

175 6.1 8.1 12.2 

 

CAL3QHC2 requires traffic ñlinksò to signify free flow traffic and vehicles idling in queues.  

The program can accommodate up to 120 links per run and they can be configured as the user 

sees fit, given the caveat that link lengths must be greater than link widths.  Details on the 

conventions of adding links to input files will be covered in Chapter 3.   CAL3QHC2 does not, 

however, have an internal capacity to model deceleration and acceleration.  Alternate methods of 

including this type of vehicle flow in models are explored in Chapter 5.  

CAL3QHC2 has a complex, internal algorithm which uses user-inputted traffic signal type and 

timing, vehicle flow rates, vehicle arrival type, and SFR to construct a representative queue of 

vehicles that represents vehicles stopped at red lights.  The program assumes that the 

                                                 
*
 The results are presented in 1-hour concentrations (ppm) that do not include background concentrations.  The 

highest concentrations did not always occur at the same receptor, though they were along the same approach.  The 

intersection modeled was a diamond interchange as part of a 2002 short course on MOBILE6 and CAL3QHC 

presented at the University of Central Florida (Cooper 2002). 
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representative emissions from both free flow links and queue links are happening with steady 

state flow.  This works in conjunction with the user-inputted wind angle increments to evaluate 

the highest modeled concentrations at each individual receptor. 

As previously mentioned, CAL3QHC2 can accommodate up to 60 receptor locations per run.  It 

is advised that receptors be placed at least 10 feet from the edge of the traveled surface (EPA 

1995).  Pollutant concentrations decrease with increasing distance from the source.  For near-

road screening model, the most conservative placement of receptors is therefore 10 feet from the 

roadôs edge.  Modelers will place more receptors near the center of intersections, where idling 

and acceleration occurs, and gradually fewer receptors as the distance from the center of an 

intersection increases (Cooper and Keely 2004). 

MOVES2010a 

The EPAôs MOtor Vehicle Emissions Simulator, version 2010a (MOVES2010a) is a computer 

program designed by the EPA to estimate air pollution emissions from mobile sources. The 

newest version was released in 2011, and MOVES2010a replaced the EPAôs previous emissions 

model for on-road mobile sources, MOBILE6.2.  MOVES2010a has been designed for both area 

emission inventory estimation and project-level EF calculations.  The program is distributed free 

of charge by EPA.  It is written in Java and supports the MySQL relational database program.  

MOVES2010a uses Microsoft Excel spreadsheets for its source of input data.  The program has 

been written with ease of future modification via the replacement of portions of the database, 

without modification to the underlying Java code.  It has also been given the capacity to have a 
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ñmasterò program manage one or more ñworkerò programs, which can take advantage of quicker 

processing of complicated Run Specifications (Run Specs) via networked microprocessors.    

In the calculation of EFs used for near-road screening models, MOVES2010a performs ñfleet-

averagingò, given either national default values or location-specific data.  Different types of 

vehicles can have greatly different emissions of various pollutants, depending on type of 

operation.  It is highly recommended to use local data, when available (EPA 2010).  The effect of 

varying vehicle fleet mix on EFs generated is explored further in Chapter 3. 

Vehicle age will make a difference in EFs produced as engine performance declines as vehicles 

age.  This effect occurs at a different rate, depending on vehicle type.  Different types of vehicles 

are retired from the fleet at different ages.  In order to predict what a vehicle fleet will look like 

in future project years, MOVES2010a performs complicated behind-the-scenes calculations, 

based on the age distribution tables that are presently provided by EPA.  This is a prime example 

of data that will likely be continually updated as further research is performed and incorporated 

into the provided data spreadsheets. 

MOVES2010a considers many factors when making a run.  There are 13 source use types, which 

group classes of vehicles.  These vehicle types are then matched with six available fuel types, 

each with unique emission characteristics.  There are also 13 emission processes, which refer to 

different types of emissions, based on vehicle use.  For near-road screening models, only the 

running exhaust and crankcase running exhaust processes are utilized.  There are 39 separate 

types of pollutants which can be modeled.  Finally, MOVES2010a considers which of 5 road 

types and 7 activity types to produce the appropriate fractions of vehicles, fuels, and processes 
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that produce the specific pollutants under consideration.  Detailed consideration of the required 

MOVES2010a inputs for creating EFs for use in a near-road screening model is given in Chapter 

3.  Figure 7 provides an overview of the order of tasks required to create EFs, using 

MOVES2010a. 

 

Figure 7.  Modeling with MOVES2010a - Task Flow Chart (Westerlund 2011)  
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CHAPTER 3:  DEVELOPMENT OF COFL2012 

Objective 

This author wrote COFL2012 to incorporate the EPAôs latest motor vehicle emission model, 

MOVES2010a (replaces MOBILE6.2) into a near-road CO intersection screening model under 

contract for FDOT.  COFL2012 was further designed to take advantage of greater modern 

computing resources, which limited previous near-road CO screening models in terms of 

numbers of receptors and wind angles.  

COFL2012 utilizes a combination of user inputted traffic information, default geometric data, 

and MOVES2010a-based EFs as the basis of input files that are then run through CAL3QHC2 to 

produce the estimated near-road CO concentrations, which are then compared against NAAQS.  

COFL2012 has drawn on many of the screening modeling techniques that have been utilized in 

previous screening models for Florida, Georgia, Alabama, and Colorado (Cooper and Keely 

2004). 

The Visual Basic code that runs COFL2012 is completely new.  The code has been written to 

allow the program to continue to be up-to-date with future releases of the MOVES databases, 

without having to alter the COFL2012 code.  The COFL2012 EF look-up tables are external text 

files that may be easily updated with the results of runs of future versions of MOVES.  There 

will be no need to make any changes to the actual COFL2012 program to achieve such an 

update.  A macro-enabled Microsoft Excel workbook, EFTableGenerator.xlsm has been 

included in the program companion documentation folder.  The workbook provides an easy way 

to update the COFL2012 EF look-up text files in the proper format.  Instructions for the use of 



24 

 

the workbook are included on the first tab of the spreadsheet.  Any saved input files from 

COFL2004 are not compatible with COFL2012.  An attempt to open an input file that has not 

been created by COFL2012 will generate the message ñThe file that youôve selected is not a 

valid COFL input file.ò  Project scenarios can be entered and run very quickly in COFL2012 in 

the case that previous project information need be replicated. 

Programming Background 

Microsoft Visual Studios 2010 was selected as the development platform for COFL2012.  Visual 

Studios utilizes the vast, well-supported .net environment and offers Visual Basic as well as 

C++, C#, and F# programming languages.  Visual Studios 2010 was chosen due to its relatively 

low price, large development community, and short initial learning curve.  While other 

programming languages, such as PHP, Perl, Python, and Ruby are able to produce faster-running 

programs, the difference in light of the small number of computations required within 

COFL2012 would be less than one second per run.  In practice, the length of time required for a 

COFL2012 run is almost entirely attributable to the time required for CALQHC2 to run and 

write its output file.   It was readily determined that any of the Visual Studios languages are more 

than able to handle the needs of COFL2012.  The selection of Visual Basic was made based 

largely upon ease of initial coding, allowing for simple future modifications as needed.  

The majority of the code for COFL2012 is housed in one module that includes all the global 

program variable and constant declarations, common subroutines such as those the common 

ñNewò, ñOpenò, and ñSaveò tasks, and the subroutines that build input files and make 

CAL3QHC2 runs.  Each of the input screens is a unique form with its own code that includes 
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calls to the global subroutines.  The code for COFL2012 has been intentionally written for ease 

of future examination and possible revisions.  The documentation comment lines are extensive 

and the organization is very readable and consistent.  The COFL2012 Program Navigation 

Diagram (Figure 8) shows the user navigation paths.  Chapter 4 will examine the details 

associated with each of the input screens.  Figure 9 represents the program processing flow. 

 

                                

 

 

 

 

 

 

 

 

 

 

 

                        Figure 8.  COFL2012 Program Navigation Diagram 
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   Figure 9.  COFL2012 Processing Flow Diagram 
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MOVES2010a Required Inputs 

The selection of appropriate input values for runs of MOVES2010a is critical for producing 

realistic EFs for use in COFL2012.  These inputs are summarized in Table 2 and Table 3 and 

then described at length in the subsequent discussion.   

Table 2.  MOVES General Inputs Summary 

Input Tab  Input Value 

Description ***User Input***  

Scale 

    Domain/Scale 

    Calculation Type 

 

Project 

Inventory 

Time Spans 

    Time aggregation level 

    Year of evaluation 

    Month of evaluation 

    Days of evaluation 

    Evaluation hour 

 

Hour 

***User Input***  

January 

Weekdays 

7:00-8:00 a.m. 

 

 

Geographic Bounds 

    Evaluation county 

FDOT District 1 = DeSoto County 

FDOT District 2 = Union County 

FDOT District 3 = Calhoun County 

FDOT District 4 = Palm Beach County 

FDOT District 5 = Seminole County 

FDOT District 6 = Miami-Dade County 

FDOT District 7 = Pasco County 

Vehicles/Equipment 

    On road vehicles 

 

All applicable gasoline and diesel vehicles 

Road type Urban unrestricted access 

Pollutants and Processes CO running exhaust, 

CO running crankcase exhaust 

Manage Input Data Set 

    Database 
***User Input***  

Strategies n/a 

Output 

    Mass units 

    Energy units 

    Distance units 

    Activity  

    Output emissions 

 

Grams 

Joules 

Miles 

Distance traveled, population 

Emission process 

Advanced Performance n/a 
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 Table 3.  MOVES PDM Inputs for Idle and Cruise Emission Factors 

Input Tab  Input Value 

I/M Programs n/a 

Generic n/a 

Age Distribution MOVES national default inputs 

Fuel MOVES county-specific default inputs 

Meteorological Data MOVES county-specific default inputs 

Link Drive Schedules n/a 

Off-Network n/a 

Operating Mode Distribution n/a 

Links See Table 4 

Link Source Types See Table 8 

 

MOVES2010a Modeling Approaches 

MOVES2010a affords users three methods for modeling EFs.  The simplest method, which was 

employed to produce the idle and cruise EFs used in COFL2012 is the ñLink Average Speedò 

approach.  This approach is the most similar to the one used in MOBILE6.  In this method, 

MOVES2010a internally emulates real-world ñcruiseò driving where an average speed is kept 

that includes minor deceleration and acceleration.   

The second modeling approach is the ñLink Drive Scheduleò approach.  In this method, the user 

creates detailed drive schedules that include varying speed with time.  This method was 

employed to model acceleration as incorporated into COFL2012.  A detailed discussion of this 

method and how it was used in COFL2012 is found in Chapter 5.   

The third EF modeling option available with MOVES2010a is an ñOperating Mode Distributionò 

approach.  This approach requires considerably more detailed user input and is well-suited for 

specific project models, but not a screening model like COFL2012 (EPA 2010) ñFor a given 

roadway link, a user-supplied operating mode distribution input will take precedence over an 
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imported drive schedule, which will take precedence over an average link speed input when 

more than one of these three types of data are entered for a given link
ò 
(Westerlund 2011). 

MOVES2010a General Inputs 

Description 

The General Inputs section can accommodate inputs of up to 5,000 characters, but requires no 

particular inputs.  A detailed description is useful for helping organize multiple runs of 

MOVES2010a by summarizing the inputs unique to each particular MOVES Run Spec (MRS).   

Scale 

ñProjectò was selected under the ñDomain/Scaleò sub-heading as per the program guidance to 

ñUse this scale setting for project-level analysis for conformity, NEPA, or any other regulatory 

purpose.  Use of this scale setting requires user-supplied data at the link level for activity and 

fleet inputs that describe a particular transportation projectò (EPA 2010). 

ñInventoryò was selected under the ñCalculation Typeò sub-heading (Westerlund 2011).  It may 

seem counter-intuitive to have selected ñInventoryò rather than ñEmission Ratesò as the 

calculation type in light of the goal of producing EFs.  The reason that this selection was made 

was for ease of post-processing.  As will be discussed further, each run is created in reference to 

one theoretical vehicle that represents a weighted average of the various fractions of vehicles 

within the fleet in the district under consideration, traveling one mile.  Thus, the EFs produced 

by MOVES2010a are in the form of 
ᶻ

 for moving vehicles and 
ᶻ

 for idling 

vehicles.  These EFs are of the appropriate format to be programmed directly into the input 

CALQHC2 input files.   
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Time Spans   

ñHourò is automatically pre-selected for the ñTime Aggregation Levelò sub-heading.  This 

default was kept for all runs of MOVES2010a, owing to the common denominator of ñhourò in 

all the EFs to be used in CALQHC2.  The ñYearò varies from run to run in order to generate the 

EFs used in the COFL2012 look-up tables.  The inputs for the other three sub-headings have 

been selected to provide the conservative, worst-case EFs for the screening model.  CO 

emissions are highest in the coldest temperatures
 
(EPA 1992); hence the selections of 

ñWeekdaysò in ñJanuaryò from ñ7:00-7:59ò were made for all MOVES2010a runs. 

Geographic Bounds 

COFL2012 utilizes the seven FDOT districts as the geographical options for the screening 

model.  For purposes of runs of MOVES2010a, the counties that represent each of the FDOT 

districts were chosen based upon which most closely approximated the geographical center of 

each district.  The choice of county determines the meteorological data, fuel data, and vehicle 

fleet mix for that set of runs.  Each of these sets of data will be discussed further in the MOVES 

PDM Input section. 

Vehicles/Equipment 

All the possible combinations of on-road gasoline and diesel vehicles were selected for all runs.  

It is noted that the compressed natural gas, electricity, and liquefied petroleum gas vehicle types 

were not included in the runs as they represent a negligible fraction of vehicle fleets and are not 

quantified in the references that were used to create the Link Source Types spreadsheets. 
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Road Type 

ñUrban Unrestricted Accessò was selected as the road type for all runs.  This road type represents 

the most conservative approach to modeling EFs.  MOVES2010a has embedded algorithms that 

account for minor deceleration and acceleration under ñcruiseò conditions that model real-world 

driving conditions on various road types (EPA 2010).   ñOff-Networkò road types refer to large 

parking garages and other types of vehicle emissions that are not relevant to an intersection 

screening model and are excluded from the runs. 

Pollutants and Processes 

The runs of MOVES2010a were all made using ñCO Running Exhaustò and ñCO Crankcase 

Running Exhaustò as the selected pollutants and processes.  ñCO Start Exhaustò and ñCO 

Extended Idle Exhaustò were not included in the runs to produce EFs for COFL2012.  It is 

assumed that any vehicleôs CO attributable to start exhaust or extended idle exhaust (such as a 

taxi-cab idling while awaiting a fair on an urban street) does not take place in the immediate 

vicinity of the intersection configurations being modeled.   

Manage Input Data Set 

The input database naming convention for project MOVES2010a runs was in the format of 

county name, year, ñ_inò, such as ñdesoto2010_inò. 

Strategies 

No changes were made to any of the settings under this heading.  The sub-headings under this 

category are ñAlternative Vehicle Fuels & Technologies (AVFT), ñOn-Road Retrofit,ò and ñRate 

of Progress.ò  All of these sub-headings are used for modeling proposed regulatory strategies for 
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addressing pollutants of concern.  The COFL2012 ñworst-caseò modeling approach assumes that 

the status quo continues.   

Output 

The ñGeneral Outputò sub-heading is where the ñOutput Databaseò is created.  The output 

database naming convention follows the same format as the input databases, but substitutes 

ñ_outò for ñ_inò, such as ñdesoto2010_outò.  The ñUnitsò selected for all runs were ñGramsò, 

ñJoulesò, and ñMilesò.  These settings allowed for the output EFs to be in the formats 
ᶻ

 

for moving vehicles and 
ᶻ

 for idling vehicles.  The choice of ñJoulesò for the ñEnergy 

Unitsò input was arbitrary in terms of this specific analysis.  For the ñActivityò category, only 

ñDistance Traveledò and ñPopulationò were selected.   

Advanced Performance 

Features on this tab were not utilized, as they relate to time-saving methods used for complex 

model runs and do not affect the EFs produced.   

MOVES2010a Project Data Manager Inputs 

The ñProject Data Managerò (PDM) organizes the Excel spreadsheets containing the data 

relevant to each run of MOVES2010a in project mode.  This is where the choices to import data 

that is in the form of national defaults, county defaults, or user-created specific to the county 

and/or desired run configuration. 
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I/M Programs 

The ñI/M Programsò tab is pre-selected to its green check mark status, once the appropriate input 

database has been selected.  No modifications under this tab were required. 

Generic 

The ñGenericò tab is pre-selected to its green check mark status, once the appropriate input 

database has been selected.  No modifications under this tab were required.   

Age Distribution 

As a vehicle ages, its emission characteristics will change from that of a new vehicle.  Generally, 

vehicles tend to emit CO and other pollutants at a higher rate as they age.  Each type of vehicle 

has a unique aging schedule.  For the project runs of MOVES2010a, the national default age 

distributions were utilized to provide data unique to each of the available model years (2010-

2050) (Westerlund 2011).
   
 

Fuel 

Vehicle fuels, both gasoline and diesel, vary in their formulation in characteristics such as Reid 

Vapor Pressure (RVP), sulfur level, and ethanol level.  These characteristics change 

geographically, in response to fluctuation in temperature and humidity (EPA 2010).
 
 The changes 

in fuel formulation affect the EFs for various vehicle types.  For both the ñFuel Formulationò and 

ñFuel Supplyò inputs, the MOVES2010a county-specific defaults were imported.   

Meteorological Data 

The MOVES2010a county-specific defaults were also imported in the ñMeteorological Dataò 

tab.  These data include the average temperature and relative humidity for the month and time 
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being modeled, which affect the combustion reactions within vehicle engines and their respective 

emissions.  

Link Drive Schedules 

As was previously discussed, for the MOVES2010a runs to produce idle and cruise EFs, an 

ñAverage Speedò approach was employed.  Using this approach, the ñLink Drive Scheduleò tab 

does not need modification as its inputs are superseded by those in the ñLinksò tab. 

Off-Network 

The ñOff-Networkò tab is pre-selected to its green check mark status, once the appropriate input 

database has been selected.  No modifications under this tab were required. 

Operating Mode Distribution 

As was previously discussed, for the MOVES2010a runs to produce idle and cruise EFs an 

ñAverage Speedò approach was employed.  Using this approach, the ñLink Drive Scheduleò tab 

does not need modification as its inputs are superseded by those in the ñLinksò tab.  Please note 

that when propagating the PDM, the ñOperating Mode Distributionò tab will not achieve a green 

mark check status.   

Links 

Using the Average Speed Approach, the ñLinksò Excel spreadsheet uses a distinct link for each 

average speed from 0-65 mph in 5 mph increments.  An example of the ñLinksò spreadsheet for 

FDOT District 1 is presented in Table 4.  The ñCounty IDò and ñZone IDò columns refer to the 

specific county being modeled, as propagated automatically by MOVES2010a when a template 

is created.  The ñRoad Type IDò refers to the Urban Unrestricted road-type that was chosen 
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earlier and is also included in the template.  The ñLink Lengthò and ñLink Volumeò values of 1 

were both chosen as a convenience for post-processing.  This creates all links as 1 mile long with 

1 hypothetical vehicle.  The hypothetical vehicle is an amalgamation of the various vehicle types 

present in the fleet specific to the county being modeled, according to the county-unique vehicle 

fleet make-up.  The ñLink Average Gradeò refers to the typical flat Florida road.  It is noted that 

this value will change for the MOVES2010a runs to determine the EFs of vehicles accelerating 

onto sloped highway entrance ramps that will be discussed in Chapter 5.  

 

 

 

 

 

 

 

 

 

 

 

 

 



36 

 

 Table 4.  Example "Links" Spreadsheet for MOVES Runs, FDOT District 1 

Link 

ID 

County 

ID 

Zone 

ID 

Road 

Type 

ID 

Link 

Length 

Link 

Volume 

Link 

Average 

Speed 

Link 

Desc. 

Link 

Average 

Grade 

1 12027 120270 5 1 1 0   0 

2 12027 120270 5 1 1 5   0 

3 12027 120270 5 1 1 10   0 

4 12027 120270 5 1 1 15   0 

5 12027 120270 5 1 1 20   0 

6 12027 120270 5 1 1 25   0 

7 12027 120270 5 1 1 30   0 

8 12027 120270 5 1 1 35   0 

9 12027 120270 5 1 1 40   0 

10 12027 120270 5 1 1 45   0 

11 12027 120270 5 1 1 50   0 

12 12027 120270 5 1 1 55   0 

13 12027 120270 5 1 1 60   0 

14 12027 120270 5 1 1 65   0 

 

Link Source Types 

The discussion of this final PDM tab is lengthy and merits its own heading. 

Link Source Types 

The ñLink Source Typesò is where the vehicle fleet unique to each county being modeled is 

imported.  Variations in vehicle fleet mix can make a significant difference in the EFs calculated 
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by MOVES2010a.  This is a critical part of modeling CO unique to each of the seven FDOT 

districts. Figure 10 and Figure 11 present an example of how varying the vehicle fleet mix can 

produce dramatic different EFs and the resulting CO concentrations.   

 

  Figure 10.  Fleet Mix Impact on Emission Factors at Various Speeds 
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   Figure 11.  Fleet Mix and Speed Influence on CO Concentrations* 

 

Figure 10 and Figure 11 demonstrate the importance of using an accurate representation of the 

actual vehicle fleet mixes found in each of the modeled FDOT districts.  The Florida Department 

of Highway Safety and Motor Vehicles (FLHSMV) provides monthly updates to the total 

                                                 
*
 The EFs generated shown in Figure 10 were used for CAL3QHC2 runs that consisted of 3000 vph on a single 1000 

ft. link with a single receptor placed halfway down the link and 10 ft. from the roadwayôs edge.  The CO 

concentrations shown in    Figure 11 are net of any ambient background CO. 
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numbers of tagged vehicles in each county in eight different categories (Florida Department of 

Highway Safety and Motor Vehicles 2011).  Some of these tags are assigned to zero-emission 

trailers and to various forms of watercraft.  The remaining on-road, vehicles then form the basis 

of the vehicle fleet that is utilized to create the ñLink Source Typesò spreadsheets.  

MOVES2010a utilizes thirteen vehicle type categories, hence the vehicle fleets described in the 

FLHSMV reports were converted to the MOVES2010a format as summarized in Table 5. 

      Table 5.  Vehicle Fleet Category Conversion Summary 

FLHSMV  MOVES2010a 

Motorcycles Motorcycle 

  

Autos & Pickups 
Passenger Car 

Passenger Truck 

  

Heavy Trucks 

Light Commercial Truck 

Single Unit Short-Haul Truck 

Single Unit Long-Haul Truck 

Combination Short-Haul Truck 

Combination Long-Haul Truck 

Refuse Truck 

  

Buses & Tools Intercity Bus 

  Transit Bus 

  School Bus 

  

n/a Motor Home 

  

Travel Trailers 

n/a 
Vessels 

Trailers 

Mobile Homes 
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The FLHSMV ñMotorcyclesò category translates directly to the MOVES2010a ñMotorcycleò 

category, thus the raw number of registrations is simply copied. 

ὓὕὠὉὛςπρπὥ ͼ-ÏÔÏÒÃÙÃÌÅͼ ὊὒὌὛὓὠ ͼὓέὸέὶὧώὧὰὩίͼ           (6)                    

 

The FLHSMV ñAutos & Pickupsò (A&P) category was divided into the MOVES2010a 

ñPassenger Carò (Car) and ñPassenger Truckò (Truck) categories.  The MOVES2010a national 

default values shown in Table 6 are used as the basis to apportion the FLHSMV registrations. 

ὓὕὠὉὛςπρπὥ 0ÁÓÓÅÎÇÅÒ #ÁÒὊὒὌὛὓὠ !Ǫ0z  
 

   
         (7)         

 

ὓὕὠὉὛςπρπὥ 0ÁÓÓÅÎÇÅÒ 4ÒÕÃËὊὒὌὛὓὠ !Ǫ0z  
 

   
         (8) 

 

         

                     Table 6.  MOVES2010a National Default Vehicle Fleet Fractions 

MOVES2010a Category Fraction 

Motorcycle 0.0057 

Passenger Car 0.5566 

Passenger Truck 0.2809 

Light Commercial Truck 0.0938 

Intercity Bus 0.0006 

Transit Bus 0.0002 

School Bus 0.0007 

Refuse Truck 0.0004 

Single Unit Short-Haul Truck 0.0191 

Single Unit Long-Haul Truck 0.0026 

Motor Home 0.0011 

Combination Short-Haul Truck 0.0183 

Combination Long-Haul Truck 0.0258 
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The FLHSMV ñHeavy Trucksò category was divided into the MOVES2010a ñLight Commercial 

Truckò, ñSingle Unit Short-Haul Truckò, ñSingle Unit Long-Haul Truckò, ñCombination Short-

Haul Truckò, ñCombination Long-Haul Truckò, and ñRefuse Truckò categories.  Again, the 

MOVES2010a national default values shown in Table 6 are used as the basis to apportion the 

FLHSMV registrations.      

Total DHT =  Default Light Commercial Truck   (LCT) 
  + Default Single Unit Short-Haul Truck  (SUSHT) 
  +  Default Single Unit Long-Haul Truck  (SULHT) 
  + Default Combination Short-Haul Truck  (CSHT) 
  + Default Combination Long-Haul Truck  (CLHT) 
  + Default Refuse Truck      (Refuse)          (9)   
          

ὓὕὠὉὛςπρπὥ ,#4ὊὒὌὛὓὠ (ÅÁÖÙ 4ÒÕÃËÓ  z
 

 
        (10) 

           

ὓὕὠὉὛςπρπὥ ὛὟὛὌὝὊὒὌὛὓὠ (ÅÁÖÙ 4ÒÕÃËÓ  z
 

  
        (11)  

       

ὓὕὠὉὛςπρπὥ ὛὟὒὌὝὊὒὌὛὓὠ (ÅÁÖÙ 4ÒÕÃËÓ  z
 

  
        (12) 

       

ὓὕὠὉὛςπρπὥ ὅὛὌὝὊὒὌὛὓὠ (ÅÁÖÙ 4ÒÕÃËÓ  z
 

  
          (13) 

       

ὓὕὠὉὛςπρπὥ ὅὒὌὝὊὒὌὛὓὠ (ÅÁÖÙ 4ÒÕÃËÓ  z
 

  
         (14) 

       

ὓὕὠὉὛςπρπὥ ὙὩὪόίὩὊὒὌὛὓὠ (ÅÁÖÙ 4ÒÕÃËÓ  z
 

  
        (15)       
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The FLHSMV ñBuses & Toolsò (B&T) category was divided into the MOVES2010a ñIntercity 

Busò, ñTransit Busò, and ñSchool Busò categories.  Again, the MOVES2010a national default 

values shown in Table 6 are used as the basis to apportion the FLHSMV registrations. 

Total DBT =  Default Intercity Bus +  Default Transit Bus +  Default School Bus      (16)   
          

ὓὕὠὉὛςπρπὥ ὍὲὸὩὶὧὭὸώ ὄόίὊὒὌὛὓὠ "Ǫ4 z 
  

  
         (17)          

       

ὓὕὠὉὛςπρπὥ ὝὶὥὲίὭὸ ὄόίὊὒὌὛὓὠ "Ǫ4 z 
  

  
                   (18)   

       

ὓὕὠὉὛςπρπὥ ὛὧὬέέὰ ὄόίὊὒὌὛὓὠ "Ǫ4 z 
  

  
          (19) 

       

The MOVES2010a category, ñMotor Homeò does not have a direct equivalent in the FLHSMV 

organizational scheme.  ñMotor Homeò was determined through the following indirect 

calculation. 

MOVES2010a Motor Home = ὊὒὌὛὓὠ !Ǫ0 z 
  

   
        (20) 

      

For each MOVES2010a vehicle category, the raw number of vehicles calculated is then divided 

by the total of all categories to yield its respective fraction, on a county-by-county basis.  The 

vehicle type fractions for each of the n counties in a FDOT district were then used to create a 

weighted average for that district.  

ὈὭίὸὶὭὧὸ ὅὥὸὩὫέὶώ ὊὶὥὧὸὭέὲ 
В    z    

   
       (21)    
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Table 7 provides a summary of the vehicle fleet fractions for all seven FDOT districts, which 

was used to propagate each of the respective ñLink Source Typesò spreadsheets.  Table 8 is an 

example ñLink Source Typesò spreadsheet. 

 Table 7.  Summary of Vehicle Fleet Fractions Used in "Link Source Types" Spreadsheets 

Vehicle Category 

Description 

Vehicle 

Category 

Number 

District  

1 2 3 4 5 6 7 

Motorcycle  11 0.034 0.036 0.029 0.031 0.030 0.023 0.040 

Passenger Car 21 0.580 0.595 0.614 0.605 0.604 0.602 0.601 

Passenger Truck  31 0.293 0.300 0.310 0.305 0.305 0.304 0.303 

Light Commercial Truck 32 0.049 0.037 0.025 0.030 0.032 0.037 0.030 

Intercity Bus  41 0.003 0.002 0.001 0.003 0.002 0.003 0.002 

Transit Bus  42 0.001 0.001 0.000 0.001 0.001 0.001 0.000 

School Bus  43 0.004 0.003 0.001 0.003 0.002 0.003 0.002 

Refuse Truck  51 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Single Unit Short-Haul 

Truck  
52 0.010 0.007 0.005 0.006 0.007 0.008 0.006 

Single Unit Long-Haul 

Truck  
53 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Motor Home  54 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Combination Short-Haul 

Truck 
61 0.010 0.007 0.005 0.006 0.006 0.007 0.006 

Combination Long-Haul 

Truck  
62 0.014 0.010 0.007 0.008 0.009 0.010 0.008 

Total 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
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 Table 8.  Exampleò Link Source Typeò Spreadsheet* for MOVES2010a, FDOT District 1* 

Link ID  
Source Type 

ID 

Source Type 

Hour 

Fraction  
Source Type Description 

1 11 0.034 
 

Motorcycle 

1 21 0.580 
 

Passenger Car 

1 31 0.293 
 

Passenger Truck 

1 32 0.049 
 

Light Commercial Truck 

1 41 0.003 
 

Refuse Truck 

1 42 0.001 
 

Single Unit Short-Haul Truck 

1 43 0.004 
 

Single Unit Long-Haul Truck 

1 51 0.000 
 

Motor Home 

1 52 0.010 
 

School Bus 

1 53 0.001 
 

Transit Bus 

1 54 0.001 
 

Intercity Bus 

1 61 0.010 
 

Combination Short-Haul Truck 

1 62 0.014 
 

Combination Long-Haul Truck 

 

 

Development of Emission Factor Look-up Tables 

COFL2012 uses EFs derived from numerous runs of MOVES2010a which have been compiled 

into text file look-up tables.  Table 9 provides the results of the runs of MOVES2010a that 

represent FDOT District 1.  The values in Table 9 served as the basis for the complete look-up 

                                                 
*
 The Source Type IDôs and Hour Fractions are copied identically for Link IDôs 1-14.  The ñSource Type 

Descriptionò column is included for illustrative purposes only.  The actual ñLink Source Typesò spreadsheets do not 

have this column. 
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text file that is utilized by COFL2012 to get an EF for any year and any speed, via double 

interpolation.  (Note that the idle EFs require only a single linear interpolation.)  The consistently 

decreasing EFs as a function of speed and year predicted by MOVES2010a are represented 

graphically in Figure 12.  Tables containing EFs for the other six FDOT districts are found in 

Appendix A.   

Table 9.  EFs Produced by MOVES2010a for FDOT District 1 

Speed 
EF 

Units 

Year 

2010 2012 2014 2016 2018 2020 2025 2030 2040 2050 

Idle g/hr 53.96 40.32 31.46 24.71 20.24 19.14 14.37 12.96 11.86 11.79 

5 

g/mile 

17.71 14.41 12.33 10.70 9.56 8.98 7.56 7.28 7.05 7.04 

10 12.01 9.96 8.66 7.62 6.88 6.51 5.56 5.39 5.22 5.21 

15 10.03 8.41 7.38 6.55 5.96 5.65 4.88 4.75 4.61 4.60 

20 8.78 7.39 6.52 5.81 5.30 5.03 4.37 4.26 4.13 4.12 

25 7.52 6.31 5.55 4.94 4.50 4.26 3.70 3.60 3.49 3.49 

30 6.97 5.88 5.20 4.66 4.27 4.05 3.54 3.46 3.36 3.36 

35 6.43 5.43 4.81 4.31 3.95 3.76 3.31 3.23 3.14 3.13 

40 6.03 5.09 4.50 4.04 3.70 3.54 3.11 3.03 2.95 2.94 

45 5.78 4.88 4.32 3.87 3.55 3.41 2.99 2.92 2.84 2.84 

50 5.69 4.80 4.26 3.82 3.51 3.37 2.98 2.91 2.83 2.82 

55 5.71 4.82 4.28 3.85 3.54 3.41 3.01 2.95 2.87 2.86 

60 5.83 4.93 4.37 3.94 3.62 3.49 3.09 3.03 2.95 2.94 

65 6.08 5.15 4.57 4.12 3.80 3.66 3.24 3.18 3.10 3.09 
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   Figure 12.  EFs as a Function of Speed and Year from District 1 
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An example double interpolation calculation follows. 

In reference to Figure 13, with given values EF1,1, EF1,2, EF2,1, and EF2,2, determine EFx,y: 

First interpolate horizontally to determine the intermediate values EFx,1 and EFx,2. 

ὉὊȟ  ὉὊȟ
ȟ ȟ ᶻ

                        (22) 

          

ὉὊȟ  ὉὊȟ
ȟ ȟ ᶻ

                         (23) 

         

Then, interpolate vertically to determine EFx,y. 

ὉὊȟ  ὉὊȟ
ȟ ȟ ᶻ

              (24) 
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                       Figure 13.  Example Double Interpolation Schematic 
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Emission Factor Multipliers 

In addition to the EFs for idle (grams/hour) and for various cruise speeds (grams/mile), 

COFL2012 utilizes EF multipliers to account for acceleration.  The multipliers were developed 

through numerous runs of MOVES2010a to provide more realistic and conservative estimates of 

emissions from accelerating vehicles, by considering the additional load that is placed upon 

vehicle engines in acceleration mode.  The increased emissions from acceleration are particularly 

evident when vehicles are simultaneously climbing grades and accelerating hard (e.g., while 

entering a freeway from an on-ramp).  Table 10 provides illustrative examples of the effect of 

grade and acceleration on EF multipliers.  A detailed discussion of the development and use of 

the multipliers in COFL2012 is found in Chapter 6. 

Table 10.  Example Comparison of EF Multipliers (2012 runs in FDOT District 1) 
 

Terminal 

Speed 

(mph) 

Acceleration 

Type 
% Grade 

EF Free 

Flow 

(g/mile) 

EF Accel 

(g/mile) 
Multiplier  

40 
Typical  

(4 mph/s) 
0% 

4.41 41.9 9.5 

50 4.16 44.2 10.6 

60 4.28 46.6 10.9 

40 
Typical 

(4 mph/s) 
2% 

4.41 44.4 10.1 

50 4.16 46.8 11.3 

60 4.28 49.4 11.5 

40 
Aggressive 

(6 mph/s) 
0% 

4.41 62.4 14.2 

50 4.16 62.6 15.0 

60 4.28 52.3 12.2 

40 
Aggressive 

(6 mph/s) 
2% 

4.41 66.4 15.1 

50 4.16 66.6 16.0 

60 4.28 55.6 13.0 
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Development of CAL3QHC2 Input Files 

The CALQHC2 userôs guide (EPA 1995)
 
divides the input files into 6 categories, which it refers 

to as ñlinesò.  ñThe revised CAL3QHC Version 2.0 input has been converted to a free format for 

easier and more error-free input generation. The line by line structure remains the same, while 

the exact column positional placement of each value is no longer necessaryò (EPA 1995). 

Each ñlineò may actually consist of multiple lines of text, depending on its function.  What 

follows is a description of an input file, line by line.  For each line, the variables are described in 

a table (Table 12 to Table 18), followed by a generic text line and an example text line 

containing real values. The example being modeled is described in Table 11 and Figure 14. 

       

                          Table 11.  CAL3QHC2 Input File Example Description 

Parameter Value 

Project Year 2012 

FDOT District 5 

Land Use Suburban 

Intersection Type 6 X 6 

Total Uniform Approach/Departure 

Traffic Flows 
1500 vph 

Uniform Cruise Speeds 45 mph 

Uniform Right Turn Volumes 375 vph 

Uniform Right Turn Speeds 15 mph 

Uniform Left Turn Volumes 225 vph 

Uniform Left Turn Speeds 20 mph 
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                Figure 14.  6 X 6 Intersection Example Traffic Flows 

 

The guide defines the variable types it uses to describe the input file inputs as follows: 

Character: ñA string of alphanumeric characters that are bracketed by single quotes. (e.g. 

'Lanes 1, 2 & 3 Northbound')ò 

 

Integer:   ñA number with no decimal point. (e.g. 12)ò 

Real:   ñA number with a decimal point separating the whole number part from the 

fractional number part. (e.g. 234.16)ò 

 

 



51 

 

Line 1 Inputs 

Table 12.  CAL3QHC2, Line 1 Inputs 

Variable 

Name 

Variable 

Type 
Variable Description Default Value 

Example 

Value 

 'JOB' Character 
Current job title (limit of 40 

characters) 
***User Input  

CAL3QHC2 

Input File 

Example 

ATIM  Real Averaging time (min) 60 60 

ZO Real Surface roughness (cm) 

Urban: 175  

Suburban: 108  

Rural: 10 

108 

VS Real Settling velocity (cm/s) 0 0 

VD Real Deposition velocity (cm/s) 0 0 

NR Integer Number of receptors (max = 60) 
T-Intersections: 17      

All others: 20 
20 

SCAL Real 

Scale conversion factor (if units 

are in feet enter 0.3048, if they 

are in meters enter 1.0) 

0.3048 0.3048 

IPOT Integer 

Metric to English conversion in 

output option.  Enter "1" for 

output in feet.  Enter "0" for 

output in meters. 

1 1 

IDEBUG Integer 

Debugging option. Enter "1" for 

this option which will cause the 

input data to be echoed onto the 

screen. The echoing process stops 

when an error is detected. Enter a 

"0" if the debugging option is not 

wanted. 

1 1 

 

The generic text for the CAL3QHC2 input line 1 is: 

óJOBô , ATIM  , ZO , VS , VD , NR , SCAL , IPOT , IDEBUG 
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The actual example text for the CAL3QHC2 input line 1 is: 

ñ'CAL3QHC2 Input File Example', 60 , 108 , 0 , 0 , 20 , 0.3048 , 1 , 1ò 

Line 2 Inputs 

There will be NR (20 in this example) actual lines of text in the Line 2 Inputs section. 

  Table 13.  CAL3QHC2, Line 2 Inputs 

Variable 

Name 

Variable 

Type 
Variable Description Default Value 

Example 

Value 

 'RCP' Character Receptor name (limit of 20 characters) ***User Input  Varies 

XR Real X-coordinate of receptor ***User Input  Varies 

YR Real Y-coordinate of receptor ***User Input  Varies 

YR Real Z-coordinate of receptor 6 6 

 

The generic text for the CAL3QHC2 input line 2 is: 

óRCPô, XR , YR , ZR 

The actual example text for the CAL3QHC2 input line 2 is: 

 

'Receptor 1', 58 , 198 , 6 

'Receptor 2', 58 , 98 , 6 

'Receptor 3', 58 , 58 , 6 

'Receptor 4', 98 , 58 , 6 

'Receptor 5', 198 , 58 , 6 

'Receptor 6', 198 , -58 , 6 

'Receptor 7', 98 , -58 , 6 

'Receptor 8', 58 , -58 , 6 

'Receptor 9', 58 , -98 , 6 

'Receptor 10', 58 , -198 , 6 

'Receptor 11', -58 , -198 , 6 

'Receptor 12', -58 , -98 , 6 

'Receptor 13', -58 , -58 , 6 

'Receptor 14', -98 , -58 , 6 

'Receptor 15', -198 , -58 , 6 

'Receptor 16', -198 , 58 , 6 
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'Receptor 17', -98 , 58 , 6 

'Receptor 18', -58 , 58 , 6 

'Receptor 19', -58 , 98 , 6 

'Receptor 20', -58 , 198 , 6 

 

Line 3 Inputs 

   Table 14.  CAL3QHC2, Line 3 Inputs 

Variable 

Name 

Variable 

Type 
Variable Description Default Value 

Example 

Value 

 'RUN' Character 
Current run title (limit of 40 

characters) 
***User Input  Varies 

NL Integer Number of links (max = 120) ***User Input  Varies 

NM Integer 

Number of meteorological conditions, 

unlimited number.  Each unique wind 

speed, stability class, mixing height, or 

wind angle range constitutes a new 

meteorological condition. 

1 1 

PRINT2 Integer 

Enter "1" for the output that includes 

the receptor - link matrix tables (Long 

format), enter "0" for the summary 

output (Short format). 

0 0 

óMODE' Character 
Enter 'C' for CO or 'P' for Particulate 

Matter (PM) calculations. 
 'C'  'C' 

 

The generic text for the CAL3QHC2 input line 3 is: 

'RUNô, NL , NM , PRINT2 , 'MODE' 

The actual example text for the CAL3QHC2 input line 2 is: 

ñ'6X6 Example', 20 , 1 , 0 ,'CO'ò 
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Line 4 and 5 Inputs 

Lines 4 and 5 provide the inputs relating the individual links that are required for a run of 

CAL3QHC2.  Line 4 has a single variable, IQ, of type integer.  A ñ1ò indicates that the following 

single line of text will be for a free flow link.  A ñ2ò indicates that the next two lines of text to 

follow will be for a queue link.  Line 5a and 5b provide the required text for the queue links and 

Line 5c provides the required text for the free flow links.  The CAL3QHC2 input files created by 

COFL2012 organize the links with all queue links first, followed by all free flow links.  It is not 

required that input files be organized in this manner; it is simply the manner of organization 

preferred by the author. 

  Table 15.  CAL3QHC2, Line 5a Inputs (first of two lines needed for queue links) 

Variable 

Name 

Variable 

Type 
Variable Description Default Value 

Example 

Value 

 'LNK'  Character 
Link description (limit of 20 

characters) 
***User Input  Varies 

 'TYP' Character 

Link type.  Enter 'AG' for "at grade", 

'FL' for "fill", 'BR' for "bridge", or 'DP' 

for "depressed". 

 'AG' AG' 

XL1 Real 
Link X-coordinate for end point 1 at 

intersection stopping line. 
***User Input  Varies 

YL1 Integer 
Link Y-coordinate for end point 1 at 

intersection stopping line. 
***User Input  Varies 

XL2 Character Link X-coordinate for end point 2. ***User Input  Varies 

YL2 Real Link Y-coordinate for end point 2. ***User Input  Varies 

HL Real Source height 0 0 

WL Real Mixing zone width ***User Input  Varies 

NLANES Integer Number of travel lanes in queue link ***User Input  Varies 

 



55 

 

The generic text for the CAL3QHC2 input line 5a is: 

'LNKô, óTYPô , XL1 , YL1 , XL2 , YL2 , HL , WL , NLANES 

The actual example text for the CAL3QHC2 input Line 5a will be presented jointly with the text 

for Line 5b, following its discussion. 

 Table 16.  CAL3QHC2, Line 5b Inputs (second of two lines needed for queue links) 

Variable 

Name 

Variable 

Type 
Variable Description Default Value 

Example 

Value 

CAVG Integer Average total signal cycle length (sec) 120 120 

RAVG Integer 
Average red total signal cycle length 

(sec) 
***User Input  Varies 

YFAC Real 

Clearance lost time (portion of the 

yellow phase that is not used by 

motorist)  (sec) 

3 3 

IV  Integer 
Approach volume on the queue link 

(vph) 
***User Input  Varies 

IDLFAC Real Idle emission factor (g/veh*hr) ***User Input  Varies 

SFR Integer 
Saturation flow rate (veh/hr*lane).  

Enter 1600 for a default value 
1600 1600 

ST Integer 

Signal type.  Enter 1 for pre-timed, 2 for 

actuated, 3 for semi-actuated.  Enter 1 

for a default value. 

1 1 

AT Integer 

Arrival rate.  Enter 1 for worst 

progression, 2 for below average 

progression, 3 for average progresson, 4 

for above average progression, 5 for 

best progression.  Enter 3 for a default 

value. 

3 3 

 

The generic text for the CAL3QHC2 input line 5b is: 

CAVG , RAVG , YFAC , IV , IDLFAC , SFR , ST , AT 
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The example text for all the queue links, which includes Lines 4, 5a, and 5b is: 

 

2 

'SB Queue Link','AG', -30 , 48 , -30 , 3000 , 0 , 36 , 3 

120 , 75 , 3 , 1275 , 39.6 , 1600 , 1 , 3 

2 

'SB Left Queue Link','AG', 0 , 48 , 0 , 3000 , 0 , 24 , 2 

120 , 105 , 3 , 225 , 39.6 , 1600 , 1 , 3 

2 

'WB Queue Link','AG', 48 , 30 , 3000 , 30 , 0 , 36 , 3 

120 , 75 , 3 , 1275 , 39.6 , 1600 , 1 , 3 

2 

'WB Left Queue Link','AG', 48 , 0 , 3000 , 0 , 0 , 24 , 2 

120 , 105 , 3 , 225 , 39.6 , 1600 , 1 , 3 

2 

'NB Queue Link','AG', 30 , -48 , 30 , -3000 , 0 , 36 , 3 

120 , 75 , 3 , 1275 , 39.6 , 1600 , 1 , 3 

2 

'NB Left Queue Link','AG', 0 , -48 , 0 , -3000 , 0 , 24 , 2 

120 , 105 , 3 , 225 , 39.6 , 1600 , 1 , 3 

2 

'EB Queue Link','AG', -48 , -30 , -3000 , -30 , 0 , 36 , 3 

120 , 75 , 3 , 1275 , 39.6 , 1600 , 1 , 3 

2 

'EB Left Queue Link','AG', -48 , 0 , -3000 , 0 , 0 , 24 , 2 

120 , 105 , 3 , 225 , 39.6 , 1600 , 1 , 3 
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Table 17.  CAL3QHC2, Line 5c Inputs (free flow links) 

Variable 

Name 

Variable 

Type 
Variable Description Default Value 

Example 

Value 

 'LNK' Character Link description (limit of 20 characters) ***User Input  Varies 

 'TYP' Character 

Link type.  Enter 'AG' for "at grade", 

'FL' for "fill", 'BR' for "bridge", or 'DP' 

for "depressed". 

 'AG' AG' 

XL1 Real 
Link X-coordinate for end point 1 at 

intersection stopping line. 
***User Input  Varies 

YL1 Integer 
Link Y-coordinate for end point 1 at 

intersection stopping line. 
***User Input  Varies 

XL2 Character Link X-coordinate for end point 2. ***User Input  Varies 

YL2 Real Link Y-coordinate for end point 2. ***User Input  Varies 

VPHL Real Traffic volume on link (vph) ***User Input  Varies 

EFL Real Emission factor (g/veh*mile) ***User Input  Varies 

HL Real Source height 0 0 

WL Real Mixing zone width ***User Input  Varies 

 

The generic text for the CAL3QHC2 input line 5c is: 

óLNKô , óTYPô , XL1 , YL1 , XL2 , YL2 , VPHL , EFL , HL , WL 

The example text for all the queue links, which includes Lines 4, 5a, and 5b is: 

1 

'SB Approach Link','AG', -30 , 0 , -30 , 3000 , 1500 , 4.8 , 0 , 56 

1 

'SB Left Link','AG', 0 , -30 , 0 , 3000 , 225 , 7.3 , 0 , 44 

1 

'SB Departure Link','AG', 30 , 0 , 30 , 3000 , 1500 , 16 , 0 , 56 

1 

'WB Approach Link','AG', 0 , 30 , 3000 , 30 , 1500 , 4.8 , 0 , 56 

1 

'WB Left Link','AG', -30 , 0 , 3000 , 0 , 225 , 7.3 , 0 , 44 

1 

'WB Departure Link','AG', 0 , -30 , 3000 , -30 , 1500 , 16 , 0 , 56 

1 

'NB Approach Link','AG', 30 , 0 , 30 , -3000 , 1500 , 4.8 , 0 , 56 
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1 

'NB Left Link','AG', 30 , 0 , 30 , -3000 , 225 , 7.3 , 0 , 44 

1 

'NB Departure Link','AG', -30 , 0 , -30 , -3000 , 1500 , 16 , 0 , 56 

1 

'EB Approach Link','AG', 0 , -30 , -3000 , -30 , 1500 , 4.8 , 0 , 56 

1 

'EB Left Link','AG', 30 , 0 , -3000 , 0 , 225 , 7.3 , 0 , 44 

1 

'EB Departure Link','AG', 0 , 30 , -3000 , 30 , 1500 , 16 , 0 , 5 

 

  Table 18.  CAL3QHC2, Line 6 Inputs 

Variable 

Name 

Variable 

Type 
Variable Description Default Value 

Example 

Value 

U Real Wind speed (m/s) 1
 

1 

BRG Real 

Wind direction (angle from which the 

wind is coming).  Enter 0 if wind 

direction variation data follow.  Enter 

actual wind direction, if only one wind 

direction will be used. 

0 0 

CLAS Integer Stability class 

Urban: 4  

Suburban: 4  

Rural:  5 

4 

MIXH  Real Mixing height (m) 1000 1000 

AMB Real 
Ambient background concentration 

(ppm) 
0 0 

 'VAR' Character 

Enter 'Y' if wind direction variation data 

follow.  Enter 'N" if only one wind 

direction (BRG) will considered. 

 'Y'  'Y' 

DEGR Integer 
Wind direction increment angle 

(degrees) 
5 5 

VAI(1)  Integer 
Lower boundary of the variation range 

(first increment multiplier) 
0 0 

VAI(2)  Integer 
Upper boundary of the variation range 

(last increment multiplier) 
71 71 
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The generic text for the CAL3QHC2 input line 6 is: 

U , BRG , CLAS , MIXH , AMB , óVARô , DEGR , VAI(1) , VAI(2) 

The actual example text for the CAL3QHC2 input line 6 is: 

ñ1 , 0 , 4 , 1000 , 0 ,'Y', 5 , 0 , 71ò 

Receptor Coordinates 

According to the CAL3QHC2 Userôs Guide
 
(EPA 1995), ñA receptor should be located outside 

the ómixing zoneô of the free flow links (i.e., total width of travel lanes plus 3 meters (10 feet) on 

each of the outside travel lanes)ò.  In keeping with a conservative, ñworst-caseò, screening 

approach, a 10 foot buffer between the outside of travel lanes and receptors was utilized for all 

the CAL3QHC2 input files utilized by COFL2012.  For all receptors, a Z-coordinate (height) of 

6 feet was used.   

ñAs a general rule, receptors should be located where the maximum total project concentration is 

likely to occur and where the general public is likely to have access.  This means that receptors 

should be located at sites in the vicinity of those portions of the intersection where traffic is 

likely to be the greatest and the most congested, e.g., along a queueò(EPA 1992). 

Figure 15 and Table 19 present a 6 X 6 Intersection example of receptor coordinates used for 

CAL3QHC2 input files, such as the one just presented.  The other intersection configurations 

employ similar receptor assignments.  Appendix B contains Table 43, Table 44, and Table 45 

with the receptor coordinates used for all twelve COFL2012 intersection configurations. 
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                  Figure 15.  6 X 6 Intersection Schematic 

 

The X-coordinate for Receptor 1 in Figure 15 was calculated as follows: 

                       (25)  

The coordinates in the direction of traffic flow, for this 6 X 6 scenario, start at 58 feet and then 

increase by 40 feet and then 100 feet to 98 feet and 198 feet, respectively.    
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                       Table 19.  6 X 6 Intersection Receptor Coordinates 

Receptor X Y Z 

1 58 198 6 

2 58 98 6 

3 58 58 6 

4 98 58 6 

5 198 58 6 

6 198 -58 6 

7 98 -58 6 

8 58 -58 6 

9 58 -98 6 

10 58 -198 6 

11 -58 -198 6 

12 -58 -98 6 

13 -58 -58 6 

14 -58 -58 6 

15 -198 -58 6 

16 -198 58 6 

17 -98 58 6 

18 -58 58 6 

19 -58 98 6 

20 -58 198 6 

 

Link Coordinates 

Two examples of the sets of links used by COFL2012 for the respective CAL3QHC2 input files 

follow.  A 6 X 6 Intersection is given that is representative of the approach used in the other 4-

way intersections, the T-intersections, and the freeway diamonds that utilize both queue and free-

flow links.  The second example, for the E-W Freeway Tollbooth is also given due to the fact 

that tollbooths do not employ traffic lights and queue links are not used in the input files. 
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6 X 6 Intersection Example 

The queue links used in the 6 X 6 Intersection are presented in Table 20 and Figure 16. 

              Table 20.  Queue Links Used for 6 X 6 Intersections 

Link 

Number 
Link Name X1 Y1 X2 Y2 

1 SB Queue Link -30 48 -30 3000 

2 SB Left Queue Link 0 48 0 3000 

3 WB Queue Link 48 30 3000 30 

4 WB Left Queue Link 48 0 3000 0 

5 NB Queue Link 30 -48 30 -3000 

6 NB Left Queue Link 0 -48 0 -3000 

7 EB Queue Link -48 -30 -3000 -30 

8 EB Left Queue Link -48 0 -3000 0 

 

 

        Figure 16.  Queue Links Used for 6 X 6 Intersections 
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The free flow used in the 6 X 6 Intersection are presented in Table 21 and Figure 17. 

      Table 21.  Free Flow Links Used for 6 X 6 Intersections 

Link 

Number 
Link Name X1 Y1 X2 Y2 

9 SB Approach Link -30 0 -30 3000 

10 SB Left Link 0 -30 0 3000 

11 SB Departure Link 30 0 30 3000 

12 WB Approach Link 0 30 3000 30 

13 WB Left Link -30 0 3000 0 

14 WB Departure Link 0 -30 3000 -30 

15 NB Approach Link 30 0 30 -3000 

16 NB Left Link 30 0 30 -3000 

17 NB Departure Link -30 0 -30 -3000 

18 EB Approach Link 0 -30 -3000 -30 

19 EB Left Link 30 0 -3000 0 

20 EB Departure Link 0 30 -3000 30 

 

 

                      Figure 17.  Free Flow Links Used for 6 X 6 Intersections 
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E-W Freeway Tollbooth Example 

The tollbooth options are unique in COFL2012 in that they do not include the use of queue links 

in their CAL3QHC2 input files for the portion of traffic that does not flow freely via Electronic 

Toll Collection-only (ETC-only) lanes.  It is reasoned that the delay (if any) for vehicles passing 

through the toll booth section is minimal, unlike the significant delay required of vehicles queued 

at a traffic intersection.  The average travel speed assumed on the toll approach links is 15 mph.  

This speed assumption is made in order to err on the side of conservatism as EFs are highest at 

low speeds, as shown in Figure 12.  The free flow links used in the E-W Freeway Tollbooth 

Intersection are presented in Table 22 and Figure 18. 

        Table 22.  Free Flow Links Used for Tollbooth Intersections 

Link 

Number 
Link Name X1 Y1 X2 Y2 

1 EB Free-Flow Link1 -2500 -30 -900 -30 

2 EB Free-Flow Link2 -900 -30 900 -30 

3 EB Free-Flow Link3 900 -30 2500 -30 

4 EB Toll Approach Link -900 -72 0 -72 

5 EB Toll Departure Link 0 -72 900 -72 

6 WB Free-Flow Link1 2500 30 900 30 

7 WB Free-Flow Link2 900 30 -900 30 

8 WB Free-Flow Link3 -900 30 -2500 30 

9 WB Toll Approach Link 900 72 0 72 

10 WB Toll Departure Link 0 72 -900 72 
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      Figure 18.  Free Flow Links Used for Tollbooth Intersections 

Additional COFL2012 Assumptions 

COFL2012 is a conservative, ñworst-caseò screening model.  As such, it is intended to minimize 

user inputs, and to model situations under which, if exceedances are not calculated, there is 

strong confidence that a real-world project will not exceed the EPAôs primary CO standards.  

This section describes these assumptions and the engineering basis for their selection. 

Turning Assumptions 

For all the available COFL2012 traffic configurations the approach traffic volumes are user input 

and, except for the tollbooth scenario, the turning fractions are assumed.  Table 23 presents a 

summary of the turning fractions used.  For the tollbooth scenarios, the fraction of vehicles using 

the ETC-only lanes is a user input, due to the fact that this fraction has a very significant effect 

on the road-side CO concentrations.  
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Table 23.  Summary of COFL2012 Turning Assumptions 

Intersection Type Lane Type Percentage 

  

4X4, 4X6, 6X4, 6X6 Left Turn 15% 

  Right Turn 25% 

  

Tee-Intersections Left Only 15% 

  Right Only 25% 

  Split Left 50% 

  Split Right 50% 

  

Diamond Interchanges Freeway Off-ramp Right 50% 

  Freeway Off-ramp Left 50% 

  Arterial On-ramp Right 50% 

  Arterial On-rampLeft 50% 

 

Traffic Volume and EFs Used 

For all the roadway configurations available in COFL2012, users are required to input traffic 

approach volumes and speeds in all available directions.  COFL2012 then uses these inputs to 

produce a conservative, ñworst-caseò CAL3QHC2 input file.  COFL2012 uses the highest 

volume and EF of the arterial inputs for all the arterial inputs.  The highest freeway volume and 

EF is used in both directions for the freeway diamond configurations.  For the tollbooth 

configuration option, the actual user inputs are used in both directions.   

Background CO Concentrations and Averaging Time Considerations 

For its CAL3QHC2 input files, zero background CO concentration was used in the input file.  

The output from CAL3QHC2, therefore produces results net of ambient background 



67 

 

concentrations.  These outputs are based upon one-hour averaging times.  The COFL2012 

Florida default background concentrations, which depend upon land-use type, are then added to 

the results and these totals are compared to the EPA one-hour standard of 35 ppm to check for 

exceedances.  The one-hour results are then converted to eight-hour results by multiplying by the 

default Total Persistence Factor (TPF) of 0.6.  Table 24 in Chapter 4 presents a summary of the 

parameters, including CO background concentrations, which are unique to each of the three land-

use classifications. 
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CHAPTER 4: MODELING WITH COFL 2012 

Computer Requirements 

COFL2012 has been created to run on Windows XP, Vista, and Windows 7 operating systems.  

The program was turned over to FDOT and will be available to be downloaded for free from the 

FDOT website:  http://www.dot.state.fl.us/emo/software/software.htm. 

COFL2012 was written in Visual Basic, using the Microsoft Visual Studios 2010 suite.  It 

requires that the .net Framework 4 is installed (already part of most modern computers).  If not 

already on a particular computer, the .net Framework 4 is available for a free download directly 

from Microsoft at: http://www.microsoft.com/download/en/details.aspx?id=17851 

Interface Controls 

COFL2012 has been created with ease of use in mind.  The navigation scheme is simple and 

intuitive, allowing users to quickly adapt to the new program and rapidly complete numerous 

project screening runs.  The input screens have been designed for rapid data entry.  Users can 

navigate in three ways: 

Lower Navigation Buttons 

Each of the user input screens has grey ñNextò or ñPreviousò buttons in the lower/right section of 

the screen as shown in Figure 19.  The simplest way to navigate through the data input screens is 

to click on these navigation buttons. 

 

http://www.dot.state.fl.us/emo/software/software.htm
http://www.microsoft.com/download/en/details.aspx?id=17851
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  Figure 19.  Lower Navigation Buttons Example 

 

Double-Clicks 

On the ñTitleò, ñDistrictò, and ñIntersection Typeò user input screens (examples shown in 

Figure 20, Figure 21, and Figure 22) it is also possible to advance to the next input screen 

in sequence by double-clicking on the final input button of the screen.  For these buttons, 

the first click will visibly highlight the button and the second click is the equivalent to 

clicking on the ñNextò button. 
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Figure 20.  Title Screen Double-Click       

 

 

 

 

 

 

 

 

        Figure 21.  District Screen Double-Click 








































































































