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One

Background and Purpose
Episodic Emission Reduction Public Education Campaigns 

(Ozone Action Programs)

Episodic emission reduction programs are public awareness campaigns designed to encourage individuals to reduce activities that contribute to air pollution on days when pollution levels are likely to be high.  The campaigns provide information to the public through press, radio, television, billboard and similar media.  This information is often supplemented by local area employers.  Information about what activities contribute to pollution and what alternatives can be used to reduce pollution is provided.  An example of an episodic program is an ozone action program.

Many cities in the U.S. have implemented ozone action programs to notify the public when air quality standards might be exceeded.  These programs attempt to reduce harmful emissions on days when conditions are prime for high levels of ground level ozone.  The alert programs are intended to educate the public and motivate individuals to curtail use of certain products or activities, such as consumer products (aerosols, some paints, etc.), outdoor barbequing, and use of the automobile on forecast exceedence days.  Automobile emissions account for roughly a third to a half of ozone precursors (hydrocarbons and nitrogen oxides).

These “episodic” emission control programs are becoming increasing popular across the country as an innovative approach to reduce emissions.  Specific benefits associated with these episodic controls programs often include:

· Education of the public on air quality issues

· Help in attaining and maintaining national ambient air quality standards 

· Meeting specific emission reduction targets

· Managing/reducing congestion on episodic days

· Maintenance of economic benefits associated with air quality attainment status

· Protection of public health

Episodic public education programs, often called ozone alert or ozone action programs (and all used interchangeably in this report), are becoming increasingly popular as new cities face designation as federal air quality non-attainment areas, as cities respond to the new 8-hour ozone standard, or as some cities seek new strategies to achieve or maintain attainment with air quality standards.

These episodic programs are appealing to areas which may have had limited success in achieving behavior changes on an ongoing basis.  Ozone action programs seek reduction when air quality conditions are most critical and ask for responses on those days.   They may also have the benefit of inducing long-term benefits by educating the public on air quality hazards and the measures that individuals can take at any time to support cleaner air.

Purpose of Reference Manual

Areas that implement ozone alert or other episodic programs can benefit from quantifying the impacts of the program.  Quantification of the benefits is required if an area is using the program for emission reduction credit in an air quality plan.  Quantification is also highly useful for tracking and measuring the effectiveness of the program against its stated goals and for providing objective information to compare the program’s effectiveness to other programs competing for public resources.

This reference manual provides a simple method for measuring the travel and emission impacts associated with these episodic public education campaigns.  The method, as described here, would not readily apply to seasonal programs.  The U.S. Environmental Protection Agency (EPA) allows up to 3 percent SIP credit (against needed emission reductions to achieve attainment), but few cities have adequately evaluated the quantifiable impacts of their programs.     The method described in this report involves a simple survey that can be undertaken taken at a relatively low cost and in a short period of time (e.g. $15,000 – $75,000 with surveying conducted through the ozone season and then tabulated/reported over the following couple of months).  The results of this simple and less costly survey are adjusted using a correction factor to accurately approximate the results that would have been achieved in a more extensive survey.  Using surveys to measure travel behavior change and projecting the results to the entire population of drivers in a region should probably be more accurately called “estimation” of impacts.  However, “measurement” is the more common term used by air districts and other practitioners, therefore, it is used in this reference.  Other terms that have been used include evaluation and quantification.

In the study that led to the method described here, an extensive survey process was employed to collect detailed travel data.  In addition, a set of simple “summary” survey questions was also included.  A correction factor was then developed to adjust the results of the simple survey questions to replicate the results of the more extensive survey design.  The simple survey, together with the correction factor, is the basis of the method recommended in this reference document.  The method was developed with input and direction from the California Air Resources Board (ARB), EPA, the Federal Highway Administration (FHWA), the California Department of Transportation, three local air quality management districts in California, and other transportation and environmental organizations.

The remainder of this document includes:

Section Two discusses why a city or air district would want to quantify the impact of their episodic public education program.

Section Three provides a basic overview of the recommended method for measuring impacts.

Section Four describes the planning process that should precede such an evaluation.

Section Five details, in step-by-step fashion, the data collection phase of the quantification method.

Section Six provides instruction on the measurement phase, including calculation of program impacts and a set of example calculations based on the 2002 Bay Area ozone action program (called “Spare the Air”) evaluation that used the recommended methodology.  

Section Seven discusses ways to summarize and report the findings of the evaluation.

Section Eight provides a case study of the 2002 San Francisco Bay Area “Spare the Air” program.

Section Nine provides sources of additional information and guidance from ARB and EPA.

Attachment 1 provides an example of the survey used in the Bay Area for collecting the necessary data and a summary of the responses.

Attachment 2 provides a detailed discussion of how to select the appropriate sample size for the survey.

Attachment 3 provides average auto emission factors for California.

Two

Why Measure Program Impacts?

2.1 Why Evaluate Public Education Programs?

The genesis of this reference lies in the desire of several air districts in northern California to measure the travel and emission impacts of public education programs in a consistent manner, acceptable to state and federal air agencies.  The California Air Resources Board (ARB) responded by commissioning the research that formed the foundation for this reference manual.  The reference adds to ARB’s growing set of evaluation methods related to trip reduction.    EPA and FHWA were also partners in this research and reference to provide air districts a simple method for quantifying the emission impacts of these programs, allowing states to claim and maintain emission reduction credits for this aspect of their voluntary efforts (see below).  

The primary purpose of this reference is to provide an acceptable approach for estimating the impacts of an episodic program such as an ozone action program for the purpose of crediting emission reductions in an air quality attainment plan. However, there are many other reasons why an agency might want to evaluate their public education program and measure travel and emission impacts:

· First, program managers, those responsible for developing, implementing, budgeting, and managing the public education campaigns should want to know how well the program is fairing against stated goals or implicit expectations.  It is good management practice to annually or periodically evaluate how your program is doing.

· Second, the funding sources and decision makers that oversee the funds and programs want to know what “bang for the buck” they are receiving for the public expenditures.  This “public accountability” issue is an important consideration, especially for programs that spend significant resources on paid advertising.

· Next, air quality and transportation specialists may want to know how successful and cost effective public education programs are in relation to other existing and potential means for reducing automobile emissions.

· Finally, environmental groups, the media, and the public are often interested in learning the impact of these ozone action programs given their visibility and potential importance to the region’s air quality strategy.

Overall, the best advice might be summarized as “do it for yourself!”   Program evaluation and assessment makes for good program management and allows you to address questions of air quality impacts and accountability to the public.  The next two sections discuss the need for measurement within the EPA voluntary measures credit process and within other air quality planning activities.

2.2
What is SIP Credit? 

State Implementation Plans (SIPs) are formal plans showing how an area will meet federal air quality standards.  SIPs must include control strategies for reducing emissions.  Control strategies include a variety of emission control measures deemed appropriate for a given area.  Each control measure includes estimates of how much it will reduce emissions.  Reductions from each control measure count toward the total reductions needed in order to attain the air quality standard.  These emission reductions are called “SIP credit” and must be developed in accordance with approved analysis methods conducted in coordination with local agencies.

In October 1997, EPA issued guidance that allows non-attainment areas to seek SIP credit for Voluntary Mobile Source Emission Reduction Programs (VMEP), including Seasonal and Episodic Ozone Action Day Programs.  The policy allows regions and states to claim up to 3% of the total emission reductions needed for attainment to come from identified VMEPs.  A few states have claimed credit in their SIP for voluntary activities, including ozone alert programs, among other activities.  States may take this credit up-front if they base the anticipated emission reductions on realistic estimates (taking into account some uncertainties) and they “commit to monitor, evaluate and report the resulting emissions effects of the voluntary measure.”
  This guidance also requires that states describe, up front, how they plan to evaluate their programs and report results.   So, areas need to carefully show how the anticipated emission results were forecasted and how the actual emission results will be measured based on the program as implemented.

As such, it is important that you work with your regional EPA office as you plan your measurement process if you are planning or contemplating seeking SIP credit.  EPA anticipated this quantification methodology in their 1997 VMEP guidance.  However, they also state that “acceptable methodologies and procedures will not be limited to those developed by EPA…programs are encouraged to discuss technically sound alternative methods with EPA Regional Office staff.”
  The bottom-line is, if you are seeking SIP credit, with or without using this quantification method, you should plan on early consultation with your EPA Regional Office.

2.3 How Can Program Measurement Help with Other Air Quality Planning Activities?

While the primary uses for program measurement may include estimating progress toward SIP credit and general program evaluation, there are other air quality planning processes that can benefit from measuring the effects of episodic programs.  These include:

· Quantifying impacts of federal Congestion Mitigation and Air Quality (CMAQ) projects, if CMAQ funds are used for the program, and comparing projected emission reduction to actual results;

· Quantifying emission reductions that could be used in conformity demonstrations if the program is not used for SIP credit, otherwise the conformity demonstration would presumably use the same emission reduction estimate as the SIP did, which is normal practice, or for conformity demonstrations covering years after the air quality attainment year;

· Quantifying emission reductions of other pollutants which are either maintenance or prevention of significant deterioration issues;

· Quantifying emission reductions of pollutants for which an area maybe at risk for nonattainment;

· Providing continued emission reductions;

· Quantification of program impacts for assessing congestion mitigation and other impacts;

· Assessing the effect of public information efforts on air pollution causing activities.

In short, there are many benefits available when applying a quantification method to estimate the effects of episodic programs.

2.4 Who Should Use this Measurement Method?

The above discussion about why someone might want to evaluate an episodic public education campaign suggests who might use this reference.  Clearly, program managers and public information officers, who design, implement and shepherd ozone alert programs, should be interested in documenting the impacts of their programs.  Other air quality planners and those responsible for SIP analysis, conformity, and other aspects of developing attainment or maintenance plans should find the method useful in both forecasting the potential impacts of these programs as well as quantifying the actual impacts.  Transportation and air quality planners at Metropolitan Planning Organizations and other transportation agencies might also find the method useful to assess the travel reduction impacts of public information programs.  State and federal air quality regulators, who require measurement, should be interested in disseminating the reference and supporting its use.  Finally, marketing research professionals and travel behavior specialists might find the method and its implications interesting to assess how people translate the public education message into action.

Three

Overview of the Method

3.1
Basic Steps in Applying the Measurement Method

Most areas with existing ozone alert programs have undertaken surveys of area residents during or immediately after the “smog” season.  These surveys are generally designed to gauge awareness of the program and specific messages within the public education campaign and its information channels (e.g., T.V., radio, print, etc.).   These surveys are sometimes undertaken by advertising and marketing research firms that help design the campaigns for the purposes of improving the message and information channels.   The method described in this document is designed to use a modified version of these awareness surveys to quantify the travel and emission impacts of public education programs.  Areas that have not conducted surveys for their existing program, as well as areas that are just beginning a program, will find this method easy to implement.

The key feature of the survey method is the ability to collect information from area drivers on their self-reported changes in travel behavior and reasons for those changes on ozone action days.  The survey should be fielded on the evening of an ozone alert so as to minimize any issues of diminished recall.  As such, the method does not readily apply to seasonal programs.   The method asks respondents for changes in their travel behavior on the day of the survey, not about changes over an entire summer or winter season.  In contrast, seasonal program evaluations are more likely to involve a panel (multiple surveys of the same people) survey before, during and after the smog season.

Figure 3.1 enumerates the key steps in the measurement method.  The method begins, like any good planning process, with establishment of evaluation objectives in a measurement plan.   Why are you measuring program impacts and what do you need to say when you have completed the evaluation?  

The first phase of the quantification process involves the collection of survey data, including modification of the survey instrument, design of the survey protocol, and fielding of the survey on ozone alert days.  The survey results are then tabulated and key responses are summarized to use in estimating impacts.

The second phase of the process calculates emission reduction from the program.  Steps include the estimation of trip reduction (measuring the reduction of car use in response to the air quality message), translation of the number of trips reduced to the amount of vehicular travel (miles) reduced, and conversion of travel reduction to emission reduction (reduced tail pipe and evaporative emissions from reduced automobile use).  These reductions can be reported as emissions reduced per day and per season.  The cost per pound of emissions reduced can also be estimated so that the cost effectiveness of public education programs can be compared to other mobile and stationary source strategies.

Figure 3-1

Flow Chart of Measurement Method
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3.2 Key Features of the Measurement Method

The recommended method has two key features that may differentiate it from other approaches.  First, it relies on self-reported trip reduction among “qualified” drivers (those who reduced trips for air quality reasons in response to the program).  .  Second, and most importantly, it adjusts this self-reported trip reduction with a “correction” factor to account for the normal over-reporting of trip reduction among survey respondents.  Each is discussed below.

Self-reported Trip Reduction

It seems fairly straightforward to ask residents or drivers whether they reduced travel as a result of the public education campaign and advertisements asking them to do so.  However, when respondents sense what the socially acceptable answer might be, such as “I didn’t drive as much today,” they tend to provide this answer whether they did or didn’t actually change their behavior.   Early surveys asked respondents if they had heard the message asking them to drive less and if they indeed reduced driving.  This was clearly a leading question.  Other surveys asked if respondents increased, reduced, or traveled the same amount over their “normal” activity.  This is problematic because in people’s increasingly complicated lives, there is no longer such a thing as a “normal” or “usual” day or travel pattern.  

Therefore, this method gets at trip reduction by asking two key questions at the beginning and end of the survey.  Toward the beginning of the survey, area drivers are asked whether they “purposely” increased or decreased the amount of driving they did that day.  People can purposely change their travel habits for a variety of reasons, including irregular activities, such as doctor’s appointments or business meetings.  They can also change their travel patterns in response to public pleas to reduce trips in response to poor air quality.  Drivers are asked about increases and decreases in driving for that day so as to not bias their response or “tip” the survey’s purpose.  Then, late in the survey, respondents are asked why they reduced their driving and are not prompted with certain responses.  If they respond that they reduced their driving because of the ozone action program and its message, they are deemed a “Reducer.”  As such, the survey has been carefully designed to elicit honest and accurate responses to the issue of trip reduction.

Two of the key survey responses used to calculate travel and emission impacts are:

· The proportion of drivers who reduce trips as a result of the program

· The self-reported number of trips they reduce

Correction Factor

Developing clear, non-leading questions that provide the necessary data to measure the impacts of the program is an essential part of the research that underpins the recommended method.  However, the need to adjust self-reported trip reduction is the most crucial and unique aspect of the method.  At the outset of the research it was acknowledged that people tend to under-estimate the number of trips they take in a day or a week.  This is due to recall issues (hard to remember) or to the fact that people do not think of trips in the same way transportation analysts do.  To transportation professionals, a trip is travel from point A to point B for a given purpose.  So, if you drive from home to a convenience shop to get coffee and a donut and then on to work, this is two trips in the eyes of transportation planner – one shopping trip and one work trip.  To most people, this is a typical commute trip.  

Knowing this, the research was carefully designed to account for people’s recall and the ability to describe trip-making activity in a simple survey.  In the research, the questions mentioned above about trip reduction and reasons for that reduction, were included.  However, the survey used in the underlying research also included detailed “diary” type survey questions about each trip made in the past 24 hours.  This allows summary trip reduction responses to be compared to detailed trip making patterns.  

The research design also evaluated two types of drivers during alert days and other days.  “Reducers” (those saying they purposely reduced trip in response to ozone alerts or for air quality reasons) were surveyed on ozone alert days and also on non-alert days so that their actual behavior (actual change in trips made on alert and “normal” days) could be assessed.   The same survey was also undertaken among all drivers on alert and non-alert days as a control to see if people traveled differently on ozone action days, for whatever reason.

The correction factor was developed as a ratio of “estimated” net trip reduction over “self-reported” trip reduction to come up with an adjustment factor for self-reporting.  “Estimated” net trip reduction was derived from the careful research design that looked at alert day behavior and normal day behavior among reducers and all other drivers.  The survey results yielded an estimate of average net trip reduction of about 1.1 driving trips per reducer.

The correction factor was then derived by dividing the estimated net trip reduction findings (1.1 trips) by the self-reported number of trips reduced among reducers, which was 2.2 trips reduced on ozone action days according to the summary reduction questions asked in the survey.  






1.1 net trip reduction

Correction Factor    =

-------------------------------
=  0.5

2.2 self-reported reduction   

Thus, the research conducted in association with this reference revealed that people who reduce trips in response to ozone action programs and air quality issues tend to overestimate the number of trips reduced by an order of two to one.  The method recommended here adjusts self-reported trip reduction survey results, using the correction factor, to bring it more in line with the findings of the more detailed research on travel behavior.

3.3 Why Can the Method be Used in My Region?

The research was conducted in Sacramento, so why can the method be used in any area with an episodic emission reduction public education program that includes a message of reducing car use?  In a nutshell, the research developed a “relative” correction factor that is based on the relationship between summary responses and detailed responses of travel behavior on alert days and other days.  And, since survey methodologists agree that survey respondents tend to answer questionnaires in a similar fashion, the correction factor should be applicable to any city.

However, what if your city has a different transportation system or more effective media campaign?  Why discount trip reduction responses?  Well, if there are more transportation alternatives in your city and people use them, then their number of self-reported trips reduced may be higher.  If your media campaign is more aggressive, then the number of trips reduced may again be higher and the proportion of drivers who identify themselves as reducers will be higher.  Therefore, unique aspects of your program that might result in increased program effectiveness will be reflected in the two primary survey responses:  the proportion of reducers among drivers and the self-reported number of trips they reduce.  The correction factor simply adjusts for people’s tendency to over-report the number of trips they actually reduce.

Four

Planning the Evaluation

4.1        Preparing a Measurement Plan 

Program evaluation is often an afterthought to getting a new project off the ground or to annual ozone action program planning.  This is because the impetus for measuring travel and emission impacts may have come from other parts of your agency or from other organizations.

However, having decided why evaluation is a good idea, based on the information in Section Two, you are ready to integrate evaluation into the overall program planning process.  In fact, the results of yearly evaluations can become critical input for future program planning efforts.  

The overall evaluation planning process should be well integrated into the annual program planning process, just as you plan for advertising, changes to the message, air quality forecasting, and media relations.  As such, the overall annual program plans should include the resource and scheduling needs of the evaluation.  The detailed plans for the evaluation and quantification efforts should be included in a measurement plan.   

The measurement plan will guide the evaluation, assist any contractors (such as survey contractors) in accomplishing their activities, and allow key individuals and agencies to review the measurement approach and intended results.  For some air districts, this might mean having in-house air quality and transportation staff review the approach.  For those who are contemplating SIP credit, the measurement plan should be reviewed by your regional EPA office to assure it meets the appropriate rigor for quantification.

The measurement plan might include the following items:

· Evaluation objectives

· Intended data to be collected

· Sample size and method

· Evaluation responsibilities

· Evaluation costs

· Evaluation schedule

Each is discussed below and further detail provided in Sections Five and Six.  In addition to guiding the evaluation process, the measurement plan can be used as a guide for any evaluation contractor you might decide to retain to implement the evaluation, conduct the survey and/or prepare the measurement results.  This will also help develop an evaluation scope of work for competitively soliciting bids from prospective contractors.

4.2
Elements of a Measurement Plan

Evaluation Objectives

Just as with any good plan, it is important to establish objectives for the evaluation itself.  What are you trying to measure?  How will you know if you measured results in a manner that will stand up to outside scrutiny?  Some typical evaluation objectives might include:

· Measure travel and emission reduction impacts of the summer ozone alert program.

· Maintain objectivity and rigor throughout the quantification process.

· Report results and any needed explanations in a clear, straightforward manner.

· Finalize results within three months of the end of the ozone season.

Episodic public education programs may also have quantifiable targets or objectives set for them.  In this case, the evaluation should attempt to measure fulfillment of or progress toward these awareness, travel or emission targets.

Data to be Collected

The measurement plan should carefully enumerate the data to be collected (Section Five) in order to estimate program impacts as described in Section Six.   This will include:

· The proportion of self-identified “reducers” among all drivers in the non-attainment area

· The self-reported number of trips reduced

· The reason for reducing trips (awareness of ozone action message or air quality concerns)

· The type of trips reduced (work and non-work in order to assess trip distance)

The data elements might also include other areas of interest to the episodic public education campaign and its overall assessment. This might include the level of program awareness, recall of the specific message and call to action, awareness of employer support programs, and awareness of the air agency itself.

One good way for enumerating the data items is to outline the questions for the survey itself.  This should begin with the recommended questions needed for impact quantification (see Section 5.1).  An outline of the question topics and flow of the survey should be an integral part of the measurement plan and assist your evaluation contractor.

Sampling Plan

Another item that is needed, and which can help your evaluation contractor, is a specification of the intended survey type, sample source, sample size, and survey protocol.  This reference manual makes recommendations in each of these areas, but you or your evaluation contractor could propose alternative approaches to accomplish the same level of quantification.   

· Survey type refers to how the survey will be fielded (e.g., telephone interviews).  

· Sample source is where you will get phone numbers from which to draw a random sample.  

· Sample size refers to the number of useable surveys that you need to get in order to estimate the key data items needed to measure impacts.   Specifically, you will need to decide how precise your estimates must be of the proportion of reducers and the average number of trips reduction in order to satisfy your evaluation objectives (see Attachment 2). You may need to adjust your survey plan in the middle of the ozone season if you are not getting enough surveys or if the variance around the key responses is higher or lower than expected.  

· Survey protocol refers to how you will field the survey.  In other words, will the survey be fielded the day of an ozone alert or the next day?

Evaluation Responsibilities

It is wise to also delineate who will be responsible for various elements of the evaluation.  In other words, which elements will be contracted to a research or evaluation contractor?  Which will be the responsibility of the public outreach staff and which handled by other agency staff?  Will you use a ad hoc or standing committee of reviewers to review the results of the evaluation?

Evaluation Costs

Many program evaluation efforts suffer from under-budgeting, so it is important to estimate the needed financial resources for the evaluation.  This might included needed staff time, contractor costs, separate survey costs, and reporting costs.  This reference was designed to allow an air district or other agency to evaluate their ozone alert program for an annual cost of $15,000 to $75,000 in contractor costs.  The lower bound of this estimate covers survey costs only and the upper bound includes surveying costs and contractor time to finalize the survey, tabulate results, and prepare an evaluation report. It is also important to note that survey length (in minutes) significantly affects surveying costs since the recommended method is a telephone interview.

Measurement costs can be minimized if you have a firm idea of the survey questions (including the specific questions provided here), the survey protocol, the sample size, and the data required for performing the measurement method and reporting results.    Contractor costs can be minimized if the telephone survey is out-sourced, but the survey preparation and report writing work is performed by agency staff.

Evaluation Schedule

Finally, it is important to develop an evaluation schedule that is well integrated into the overall annual ozone action program schedule.  If, for example, the ozone season goes from May to October, a very generalized schedule might be:


January
Develop Measurement Plan and RFP


February
Solicit Bids for Evaluation Contractor


March

Select Evaluation Contractor


April

Draft Survey Instrument and Sampling Plan


May 

Begin Surveying on Ozone Alert Days


August

Assess Sample to Date and Adjust


October
End Surveying


November
Tabulate Survey Results


December
Prepare Annual Evaluation Report

You may wish to perform an annual evaluation if you need to report results on an annual basis or to undertake annual adjustments to the program.  If documenting the impact does not require annual reporting, then biennial or triennial evaluations may be more appropriate.

Overall, a sound and well thought out measurement plan can help you prepare for your first evaluation effort and each evaluation thereafter.  The experience from each year should help to revise and strengthen the process and the effort in subsequent years.

The next two sections provide a detailed step-by-step guide for undertaking an evaluation of your episodic public education program.  A quick reference for key recommendations is provided in a boxed format.  

Five

Phase One – Data Collection and Tabulation

This section enumerates the specific steps, with examples, of how to prepare a survey, field the survey, and tabulate results in order to gather the necessary data to calculate travel and emission impacts from you ozone alert program.  The three steps in this phase, as shown in Figure 5-1, are:
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An example of a survey is included in Attachment 1.

Figure 5 –1

Phase One – Data Collection 

5.1 Preparing to Survey -  Step 1 
Section Four described the need for and elements of a measurement plan.  The measurement plan should outline the progression of steps necessary to evaluate your program and should be prepared by or with the ozone action program manager.  However, you will probably need to contract with an outside vendor or consultant to perform the survey and tabulate the results.  The measurement plan can become part of the solicitation for a vendor or consultant by helping interested bidders understand what you are intending to do.

However, the measurement plan will likely only outline the parameters of the evaluation and survey process.  We recommend that you request of your contractor that they prepare a sampling plan and draft survey instrument based on the information in the measurement plan and the sample information provided in this reference.   The sampling plan and certain survey parameters (length, method, etc.) can be included in the contractor’s proposal, but the specific sample size, protocol, sampling frame and survey questionnaire should be developed as a collaborative exercise between the contractor and the ozone alert program.

Quick Reference:  Use measurement plan as basis for retaining survey or evaluation contractor.

The following is a recommended survey and sampling plan based on the research project’s experience in Sacramento and San Francisco and includes information on the survey method, sampling frame, and sample size.

Survey Methodology

Since the objective of the evaluation is to assess the impact of the ozone alert message on all residents and drivers (as that is the target market), the recommended survey method is a Random Digit Dial (RDD) telephone survey of drivers within the non-attainment area or ozone alert targeted area.  This involves calling households and asking to interview drivers.  In Sacramento and San Francisco, we asked to first speak to the youngest male driver in the household.  Why the youngest male?  Experience has shown that women and older residents tend to answer the phone more than younger men, so this protocol assures that enough younger men are surveyed.  You can monitor the survey results to make sure you are getting a good representation of ages and sexes.

Quick Reference:  Use Random Digit Dial telephone survey of residents and drivers.

Sampling Procedure

To determine which households to call, a directory of residential telephone numbers is needed.  Telephone prefixes, that correspond to the zip codes within the target area, can be requested.  These lists are often bought from special vendors for this specific purpose.  A random sample needs to be drawn so that any resident and driver has an equal chance of being selected for the survey.  This randomization maximizes the likelihood that the survey sample is representative of all drivers in the area.

Quick Reference:  Obtain list of residential telephone prefixes within non-attainment area.

Sample Size

The number of surveys that need to be collected depends on how accurate you would like the estimates of key survey findings.  In order to measure impacts, the most important findings are a) the proportion of “reducers” among drivers and, b) the average self-reported trip reduction.  For example, if the survey finds that 4% of drivers purposely reduce driving trips, and your desired accuracy is an error range of  ± 1.2% was reasonable for the proportion of reducers, then the actual number may be between 2.8% and 5.2%.  Likewise, if the survey finds that the average number of self-reported trips reduced is 2.0 with a sample variance of 2, and your desired accuracy is  ± 0.5 trips, the actual average trip reduction could range from 1.5 to 2.5 trips reduced by reducers.

To meet this accuracy requirement for either proportion of reducers or self-reported trip reduction a sample size of 1,000 will be required. This conclusion depends on allowable error band. If you feel the above requirement is reasonable, i.e., 
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1.2% for proportion of reducers and 
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0.5 trips for mean trip reduction, then the sample size of 1,000 will be both necessary and sufficient to reach the requirement.  Attachment 2 provides additional guidance on how to determine the sample size if you desire different accuracy levels.
Quick Reference:  You should aim to collect at least 1,000 useable surveys.

Remember, to achieve 1,000 completed surveys, you will have to contact many more residents due to refusals, lack of drivers at home, and surveys terminated while underway.  Thus, a much larger sample is drawn (perhaps 3,000 – 5,000) to achieve 1,000 completed surveys.

Survey Instrument

You may already have a survey that you use during or at the end of the ozone season to assess awareness of and reactions to the public education campaign.  This may be undertaken by or for the public relations or advertising contractors you use or conducted by the air agency itself.  On the other hand, you may have never conducted a survey as part of your program.  In either case, in order to use the recommended measurement method, the questions you use for travel behavior and program awareness should be modeled after the recommended survey questions provided in this reference manual.

The research undertaken as part of this reference contemplated and tested various ways to ask about travel behavior changes and settled on an approach which asks drivers if they purposely increased or decreased their trip-making over the past 24 hours.  Of course, there are many reasons why someone might decrease the number of trips they make by car, including personal circumstances such as having the car in the repair shop.  However, one goal of the ozone action program is to induce people to purposely reduce their travel by car.  Therefore, questions toward the end of the survey then asks why they decreased car use and if they heard any messages regarding clean air over the past few days.  If they answer because they were aware of and responded to the public education message, or if they simply say they did it because of air quality concerns, and knew about the campaign, they are considered “reducers” in the measurement methodology.

The recommended survey questions to be added to your ozone season telephone survey are included on the next few pages.  These questions can be added to other questions you might want to include, such as:  general awareness of the campaign; knowledge of specific messages; changes in other behavior, such as use of consumer products or gardening equipment; knowledge of the air agency; and key demographics.  Again, these should coincide with the evaluation objectives in your measurement plan.  It is important to reduce survey bias by not mentioning air quality or the environment in the introduction to the survey and by asking questions about awareness of the campaign after asking about behavior changes.  This will minimize the possibility that the respondent is answering questions based on perceived “green” responses instead of actual behavior.  An example of the complete survey used to evaluate the Bay Area Spare the Air program, and a summary of responses for each question, is included in Attachment 1.

Recommended Survey Questions

To Determine Proportion of Reducers  - ask of all respondents

1A
We’re interested in the travel behavior of people in the region.  Sometimes people will purposely increase the amount of driving they do in a day.  An example of purposely increasing driving would be if a person decided to drive to the store when they normally would have walked, bicycled or taken a bus.  Between 6PM yesterday and 6PM tonight (or other 24-hour time period, based on survey), did you purposely increase the amount of your driving?

(If respondent asks to clarify what purposely increasing driving is, say “It means deciding to drive someplace when you usually travel there without driving’)



Yes   

_____



No

_____



DK/NA 
_____

1B
Sometimes people will purposely decrease the amount of driving they do in a day.  An example of purposely decreasing driving would be if a person decided to take a bus, walk, bike or ride with someone else to work when they normally would have driven, or if someone decided to simply not take a trip they would have normally taken in a car.  Between 6PM yesterday and 6PM tonight (or other 24-hour time period, based on survey), did you purposely decrease the amount of your driving?

(If respondent asks to clarify what purposely increasing driving is, say “It means deciding to travel someplace without driving when you normally would have driven or deciding not to take a trip you would normally take in a car’)



Yes   

_____ (go to Question 2)



No

_____



DK/NA 
_____

(Note:  It is vital to ask both about increasing and decreasing trips in the screener so as not to bias the response)

To Determine Self-Reported Trip Reduction – ask of respondents who decreased trips only

2A
You indicated that you purposely decreased the amount of driving you did between 6 PM yesterday and 6 PM tonight.  I’d like to ask you about the driving trips  you purposely decrease during this period?  A ‘trip’ is defined as traveling from one place to another and then stopping.  For example, leaving your house and going to the store is one trip.  Leaving the store and going to work or coming back home is another trip.  Another example of a trip is leaving your house and going to the bus or train station.  Taking the bus or train to work would be a second trip.  How many driving trips did you purposely decrease during this period?

1 _____

2 _____

3 _____

4 _____

5 _____

6 _____

7 or more   
_____

None
_____

DK/NA
_____

Refused
_____

2B
Thinking of the (first/second/third…) driving trip you DECREASED, how did you decrease the trip?

Didn’t take trip
_____

Carpool passenger
_____

Public Transportation
_____

Bicycle
_____

Walk
_____

Worked at Home
_____

Other
_____

Refused
_____

2C
(If Answered ‘DIDN’T TAKE TRIP’ to Question 2B for this trip, ask): What was the purpose of the trip going to be?  (Any other answer to Question 2B for this trip, ask):  What was the purpose of this trip?

Going to or from work
_____

Shopping
_____

Other (school, errands..)
_____

Don’t know
_____

Refused
_____

2D
Why did you purposely decrease this driving trip? (Don’t prompt for specific answers):

Ozone Alert Program (name) 

or ads asking people to drive less


_____ 

Air quality reasons




_____ 

Other




_____ 

Ask Questions 2B-2D for each trip the respondent reports that they decreased.

3A
In the past two days, have you heard, read or seen any advertisements or news broadcasts about the Ozone Alert Program (name), or poor air quality, or requests to drive less in this area?

Yes   
_____

No
_____

DK/NA 
_____

(Note:  This question can be replaced by an air district-developed question to determine whether or not the respondent knew it was an Ozone Alert day.)

Question 2B, how the trip was reduced, is optional, but important to capture how many trips were simply avoided versus due to mode change.  These questions can be added to any awareness, attitude, and demographic questions needed for market research or other program evaluation efforts, as long as the trip-related questions are asked first to avoid inserting any bias from the other survey questions.  

Quick Reference:  In order to use the recommended measurement method and correction factor, it is highly recommended you use the basic questions provided here.
The information provided below and in Section Six provides specific instructions on how to use these questions to calculate travel and emission impacts.

Whether you modify an existing survey or create a new one from scratch and whether you develop it yourself or have your evaluation contractor develop the survey instrument, it is recommended that you have several people review it for clear language, logic, and specific attributes like the skip pattern and length.  You may wish to have your contractor pre-test the survey instrument with around 10-20 individuals to check the length and to uncover any confusing language.  

You may also wish to have the survey translated into other key languages, corresponding to your intended target market.  

Remember, that the development and overall cost of the survey is more than drafting the questions.  It will include survey development and the back and forth required to refine the questions, pre-testing, translation, and then the computer-programming necessary to have the survey available on a Computer Assisted Telephone Interview (CATI) system.

Survey Costs

In San Francisco, where the survey covered questions about trip reduction, consumer product use, and general awareness of the program and air district, the approximately 10 -12 minute survey costs $10.00 - $20.00 per completed survey.   As stated earlier, the entire measurement effort, including planning, surveying, calculating impacts, and reporting, should cost around $15,000 to $75,000, including survey costs (lower estimate) and consultant costs (higher costs).  The cost estimates provided here are based on the research team’s experience with the surveys used in this study as well as the total survey and contractor costs of current STA evaluations in California.  The cost of the survey can be reduced by limiting the number of questions beyond those essential for evaluation purposes, as question duration (interviewing time) tends to drive surveying costs.  If the survey only included those questions included above, the cost would be lower.  Using the recommended survey questions provided here will also save contractor time and costs in survey development and pre-testing.  After an evaluation scope of work is developed, the standard practice is usually to obtain bids from prospective contractors through an open “request for proposal” process. This allows an air district to compare different proposals and costs and to choose the contractor that best meets their needs.

Quick Reference:  The cost per completed survey will be around $10.00 - $20.00 for a 10-12 minute survey, including awareness and other questions in a standard follow-up survey.

5.2
Conducting the Survey -  Step 2
The actual conduct of the survey involves calling residents the evening of an ozone alert and then completing enough surveys over the course of the smog season to meet the sample size requirement without collecting all the surveys at one period.

Survey Protocol

The RDD survey should be conducted the evening of an ozone action day.  So, for example, if an alert were called on a Tuesday afternoon for Wednesday, the surveying would commence Wednesday evening.  In Sacramento and San Francisco, the survey was conducted from 6:00 to 9:00 p.m.  If the episode lasted several days, surveys were conducted each night.  

This presents somewhat of a dilemma for telephone survey vendors.  The episodic nature of these public awareness campaigns means that surveyors will only have about 24 hours notice to prepare to survey.  They must assure they have enough telephone interviewers on duty for the next night and may need to juggle other surveys being conducted at the same time.  Most survey vendors will build this uncertainty into their surveying costs, but it is important to inform prospective vendors of this issue in advance.

Surveying also needs to be distributed over the entire ozone action season.  This is important to capture the changes in program effectiveness over time and to avoid results being influenced by outside circumstances on a given day.  For example, in the Sacramento research, one of the episodes for which surveys were collected coincided with a major wildfire north of Sacramento that brought smoke to the region.  Had all the surveys for the season been conducted on during that one episode, the findings from the evaluation might have been significantly influenced by the presence of smoke.  As it turned out, researchers found some variation in program effects from the beginning to the end of the season, but not from one year to the next.  This might suggest that programs increase in effectiveness as residents are exposed to the public education message during the season.

Your survey or evaluation contractor will need to carefully decide how many surveys to collect during each episode.  Again, this creates substantial uncertainty as the number of episodes and episode days varies from year to year and cannot be predicted.  It is recommended that you collect at least 50% of the needed surveys early in the season, unless a large number of episode days occur in the first month or two.

Quick Reference:  The survey should be conducted the evening after an ozone alert is called.

Readjust Sample Size

It is further recommended that you or your evaluation contractor monitor the survey process so that you can adjust the sample size or survey days if necessary.  

It is important to check error range around each of the two key indicators (proportion of reducers among all drivers and self-reported average trip reduction) to see if your survey sample is meeting the requirements.  If the range of error is significantly higher than the interval suggested here, you may need to increase your sample size by collecting more surveys.

You should also monitor the number of surveys being collected on a cumulative basis.  If you have a lot of ozone alert days early in the season, you may wish to decrease the number of surveys per evening or even days you collect surveys.  On the other hand, if you do not have any episode until the middle of the summer, you may need to increase the number of surveys you attempt to get each evening.

Quick Reference:  Monitor survey progress throughout the season to determine whether the sample size or number of days surveyed needs to be adjusted. 
5.3
Tabulating Results -  Step 3
At the end of the ozone season, or when an adequate sample is collected, the results should be tabulated for use in the subsequent calculation steps and for general use.

Generally, the results should first be tabulated as a set of “frequencies” for each question and possible response.  This will be in the form, for example, of the number and percentage of respondents you say they have heard an ad or a news broadcast mentioning the ozone alert.  These are sometimes called “top lines” because they can be tabulated and presented on the survey form itself.  In other words, the number and percent of each response can simply be filled into a blank survey form for easy referral.  This will also help to report survey results on other issues, such as awareness or knowledge of the air agency.  Top lines are provided for the Bay Area sample survey in Attachment 1.

From the questions, the proportion of reducers can be derived (expressed as a percent of total drivers that have reduced their trip making as a result of the program).  This will be derived from Questions 1B (reducer?), 2D (why reduce?) and 3A (aware of message).  If the respondent said yes, they reduced trips in 1B AND they did so in response to the program or for air quality reasons in 2D AND they were aware of the ozone message, they are considered a reducer for the purposes of determining the proportion (%) of reducers among all drivers.  This can be determined by running a conditional cross-tabulation of these questions.

The average number of self-reported trips reduced can be derived from Question 2A (how many trips reduced).  From Question 2C on trip purpose (what would the purpose of the trip have been), the proportion of work and non-work trips reduced can be derived.  This proportion is used to determine the average trip length reduced, which is used to estimate the change in vehicle miles traveled.

Quick Reference:  The survey results should be tabulated to allow for general results to be reported and key numbers generated for use in the method.
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The ozone season is over -- you have collected the necessary survey data –now you can calculate the travel and emission impacts of your public education program.  The measurement phase includes three steps, as shown in Figure 6-1.  Travel and emission impacts include the calculation of vehicle trips reduced (number of cars taken off the road), the vehicle miles of travel reduced (the amount of car use reduced), and the reduction of automobile emissions (key pollutants removed from the air).

The next three steps include:

Step 4 – Calculate Trips Reduced

Step 5 – Calculate Miles Reduced

Step 6 – Calculate Emissions Reduced 

Figure 6-1

Phase Two - Calculating Impacts

This section provides a simple method for calculating trip, VMT and emission reductions resulting from episodic public education campaigns.  Armed with:

· survey results on the proportion of reducers, 

· the average self-reported number of trips reduced, 

· the trip reduction correction factor,

· the proportion of work and non-work trips reduced, 

· information on the total number of drivers in the area, and 

· their average travel distance for commute trips and other trips, 

…you can calculate the travel and emission impacts of your program.

6.1 Calculating Trip Reduction -  Step 4 

Using data gathered via the telephone survey, the first part of the impact calculations will result in an estimate of the total number of vehicle trips reduced from the public education campaign.  

The basic steps include:

Step 4a – Estimate Total Number of Reducers

Apply the proportion of reducers determined from the survey [Questions 1B (yes – decreased trips), 2D (in response to Spare the Air or air quality reasons), and 3A (yes, aware of Spare the Air message)] to the population of all drivers in the region to determine the total number of commuters who reduced trips on ozone action days.

Step 4b – Estimate Average Trip Reduction

From Questions 2A and 2D, determine the average number of trips reported by each reducer from the survey.

Step 4c – Apply Correction Factor to Self-reported Trip Reduction

Apply the recommended correction factor for adjusting self-reported trip reduction to derive adjusted average trip reduction. This corrects for the over-reporting of trips reduced by survey respondents in a summary question.

Step 4d – Estimate Total Adjusted Trips Reduced

Apply the adjusted number of trips reduced to the estimated total number of reducers in the population of drivers from Step 4a to derive total trips reduced.

Step 4e – Allocate Trips Reduced to Work and Non-work Trips


In order to correctly apply the emission factors in Step 6, the proportion of work trips (commute) and non-work trips (school, shopping, errands, entertainment, eating out, etc.) needs to be applied to total adjusted trips reduced.  Using the proportion of work and non-work trips reduced from Question 2C, the number of trips reduced for each of these two types of trip purposes can be estimated.

Quick Reference:  To determine the number of trips reduced as a result of the ozone action program, apply the proportion of reducers to the number of drivers in the region and then multiply the corrected average number of trips reduced to derive the adjusted total trip reduction for the region.

To illustrate the application of the method, the following calculations are provided from the Bay Area case study (see Section Eight.  The case study provides a background on the program and summarizes the results of the evaluation that used the recommended method.

Bay Area Example

Using results from the recommended survey Question 2 and applying the recommended method, including the correction factor to the Bay Area Spare the Air campaign for 2002, the following trip reduction impacts can be calculated:

Step 4a – Estimate the Total Number of Reducers

The proportion of reducers from the survey can be extrapolated to the total population of drivers in the region to estimate the total number of users.  


In the Bay Area, the proportion of reducers was approximately 3.6% of drivers, based on the survey results.   The number of licensed drivers in the Bay Area was approximately 4,750,000 in 2002 (according to regional planning sources).  Therefore, there would be 171,000 reducers.  These reducers form the basis for trip, VMT and emission reduction estimates.

   
4,750,000 (drivers in region) x 0.036 (% reducers) = 171,000 

Step 4b – Estimate the Average Trip Reduction

The average number of self-reported trips can be derived for the sample of reducers from the survey (that reduced for Spare the Air or air quality reasons).  

In the Bay Area, the average self-reported trip reduction was 2.6 one-way driver trips.    

Step 4c – Apply Self-Reported Trip Reduction Correction Factor

From the research, a correction factor was developed to relate the actual trip reduction to stated reduction (2.6 trips reduced).  This correction factor is 0.50.  Thus, due to over-reporting of trips reduced, respondents claim to have reduced twice as many trips than they actually do based on detailed analysis of behavior on Spare the Air and non-Spare the Air days and among reducers and non-reducers.


In the Bay Area, the 2.6 average stated trips reduced, when adjusted with the trip reduction correction factor (0.50) would be 1.3 trips reduced per reducer.

2.6 (self-reported trips reduced) x 0.50 (correction factor) = 1.3 adjusted trips reduced.

Step 4d – Estimate Total Adjusted Trips Reduced

To estimate the total number of trips reduced, the adjusted trip reduction factor is applied to the total reducers.  

In the Bay Area, the 171,000 reducers, each reducing an adjusted average of 1.3 trips, would realize an overall regional Spare the Air day trip reduction of 222,300.

171,000 (reducers) x 1.3 (average adjusted trips reduced) = 222,300 (total trips reduced)

Step 4e - Allocate Trips Reduced to Work and Non-work Trips


The total adjusted trips reduced need to be allocated to work and non-work trips in order to apply emission factors in Step 6 (as noted below, if you do not have differential emission factors for commute trips versus all trips, you do not need to undertake this sub-step).


In the Bay Area, the survey found that work trips comprised 13% of trips reduced and 87% were from non-work trips.   Thus, 28,899 work trips were reduced and 193,401 non-work trips reduced.


222,300 x 0.13 = 28,899 

222,300 x 0.87 = 193,401

6.2 Calculating VMT Reduction –  Step 5 

In order to estimate emission reductions, both the number of vehicle trips and the amount of travel, in terms of miles of travel, needs to be estimated.  To estimate vehicle miles of travel (VMT) reduction, regional average trip lengths are used.  Why not simply ask survey respondents how far they would have traveled?  Research has shown that people have a hard time estimating mileage for all but the most routine of trips – such as commuting.  Since the ARB research also showed that a majority of the trips reduced are not commute trips, the survey should not be used to estimate distance.  Rather, a common practice in trip reduction evaluations is used, relying on regional average trip lengths from planning sources.

Step 5 – Applying Regional Trip Lengths to Trips Reduced

In this method, the number of work trips and non-work trips is used to estimated VMT reduction.  Average trip distance for each type of trip (from regional planning sources --these distances are often used in regional transportation models and other analyses) are applied to the adjusted trip reduction results to derive VMT reduction.

Quick Reference:  Apply regional average trip lengths for work and non-work trips to total trips reduced for each type of trip to derive total VMT reduction.

This process of converting trip reduction to VMT reduction is illustrated in the Bay Area example.

Bay Area Example
Step 5 – Applying Regional Trip Lengths to Trips Reduced
The Bay Area survey found that work trips comprised 13% of trips reduced and 87% were from non-work trips.   Using these proportions, Step 4e estimated that 28,899 work trips and 193,401 non-work trips were reduced.  The average trip length of a work trip is 13.69 miles and the average length of a non-work trip is 5.37 miles, according to regional planning sources.  To estimate VMT reduction, the adjusted trips reduced are multiplied by the average trip length for each type of trip.  Applying the average trip length for each type of trip to the adjusted number of trips reduced for each, the program reduced 395,627 miles of work travel and 1,038,563 miles of non-work travel.  This equates to a total of 1,434,190 miles of travel reduced.

28,899 work trips x 13.69 miles = 395,627 work trip miles reduced 

193,401 non-work trips x 5.37 miles = 1,038,563 non-work miles reduced

6.3 Calculating Emission Reduction –  Step 6 

The primary reason for evaluating the impact of your episodic public education campaign is, in one way or another, linked to its ability to reduce automobile emissions, clean the air, and contribute to your overall attainment strategy.  Emission reduction calculations are really the easiest part of the method as they simply require application of standard emission factors to the trip and VMT reductions derived from the survey.  Separate emission factors for work trips (commute trips) and for all trips are used, if available.  

Emission Factors

Estimating emission reductions is a simple process if you have “per-start” and “per-mile” vehicle emission factors that can be applied to the results of trip and VMT reduction results.  Then all you need to do is to multiply the VMT reductions by the appropriate emission factors expressed in grams per mile and the trip reductions by the appropriate emission factors expressed in grams per trip, and then convert the answer into pounds or tons.  The only thing that may take time and effort in this step is obtaining these emission factors, which can be developed from the mobile source emissions model used in your region or by obtaining average emission factors developed by the air quality agency in your state.

If the analysis is being performed in California, you will use the EMFAC model or factors developed from it.  If the analysis is being performed anywhere else in the United States you will use the MOBILE model.  As of this writing, the most recent version of the MOBILE model is MOBILE6.  The MOBILE model is developed by EPA.  The most current version of the EMFAC model is EMFAC2002.  The EMFAC model is developed by ARB.

If you are not familiar with the appropriate model, you can probably obtain the appropriate emission factors from your state air agency, your regional EPA office, or your local air district.  In each case you would ask to speak with someone in charge of mobile source emission modeling.  You would request emission factors for the year you want to analyze and specify that the factors be for averaged for light duty automobiles and trucks (passenger vehicles likely to be used as personal use vehicles).  You will need to specify which pollutants you need (see next paragraph), and that you need gram per mile exhaust and evaporative emissions as well as trip end emission factors.  If the agency cannot produce differential factors or commute trip-ends (per start) versus all trips, then the single per-start or per-mile factor can be applied to the total trips or VMT reduced (without having to established work versus non-work trips reduced).  The example below uses the EMFAC model, since the study and case examples leading to development of this reference manual were developed in California.  By using the California emission factors, other regions would produce conservative estimates of emission impacts as the California vehicle fleet is cleaner than other states due to its more stringent emission standards.

The emission factors used in the examples presented here were provided by ARB, based on EMFAC2000, version 2.02.  For program evaluations conducted in 2003 and beyond, newer EMFAC2002 factors should be used.  They are provided in Attachment 3, along with an explanation for their use, implications of using the newer emission factors, and guidance for non-California applications.

Step 6 – Estimate Emission Reductions

Using the California Air Resources Board’s (ARB’s) or other locally-derived average auto emission factors for the given program year, the emission reductions from the public education campaign can be estimated by applying the Trip End emission factors to total vehicle trip reduction and VMT emission factors to total VMT reduction.  This analysis is performed for nitrogen oxides (NOx), reactive organic gases (ROG), and particulate matter (PM10).   If you have different emission factors for your state (e.g., not California), or also want to include Carbon Monoxide (CO) estimates, these emission factors can easily be substituted in the method by using emission factors developed with the MOBILE emission model.  

Quick Reference:  Apply trip end and VMT emission factors for each key pollutant to the work and non-work trip and VMT reduction estimates to derive total emissions reduced per day by pollutant.
NOx, ROG and PM10 emission reduction calculations are provided for the Bay Area example.

Bay Area Example

This example uses emission factors from the EMFAC2000 model in order to maintain consistency with local air quality planning practice.  It is recommended that any subsequent analyses use the most recent version of the EMFAC model (currently EMFAC2002).  EMFAC2002 has additional data and refinements listed in the section after the example calculation.

The following emission factors were used for program year 2002 based on EMFAC 2000 Version 2.02:

	Analysis Period
	2002

	ROG
	

	VMT   (g/mile)
	0.813

	commute trip ends (g/trip end)
	2.363

	average trip ends (g/trip end)
	1.413

	NOx
	

	VMT (g/mile)
	0.881

	commute trip ends (g/trip end)
	0.905

	average trip ends (g/trip end)
	0.757

	PM10
	

	VMT (g/mile)
	0.224


Step 6a – Estimate NOx Reductions

Using a Trip End NOx emission factor for 2002 of 0.905 grams per trip end for commute (work) trips and 0.757 grams per average (non-work) trip end and a VMT factor of 0.881 grams per mile, the estimated emission reduction for each Spare the Air day is 1.58 tons as derived for the Bay Area thusly:

a)
28,899 work trips (starts) reduced x 0.905 grams/start =  26,154 grams per day


193,401 non-work trips reduced x 0.757 grams = 146,405 grams per day


26,154 grams + 146,405 grams = 172,559 grams = 380 lbs. or  0.19 tons per day NOx reduced

b) 
1,434,190 miles reduced x 0.881 grams/mile = 1,263,521 grams = 2,783 lbs. or 1.39 tons per day

c) 
308 lbs. + 2,783 lbs. = 3,091 lbs. NOx per Spare the Air day

d) 
0.19 tons + 1.39 tons = 1.58 tons NOx per Spare the Air day

Step 6b – Estimate ROG Reductions

Using a Trip End ROG emission factor for 2002 of 2.363 grams per trip end for commute (work) trips and 1.413 grams per average (non-work) trip end and a VMT factor of 0.813 grams per mile, the estimated emission reduction for each Spare the Air day is 1.66 tons as derived for the Bay Area thusly:

a)
28,899 work trips (starts) reduced x 2.363 grams/start =  68,288 grams per day


193,401 non-work trips reduced x 1.413 grams = 273,276 grams per day


68,288 grams + 273,276 grams = 341,564 grams = 752 lbs. or  0.38 tons per day ROG reduced

b) 
1,434,190 miles reduced x 0.813 grams/mile = 1,165,996 grams = 2,568.3 lbs. or 1.28 tons per day

c) 
752 lbs. + 2,568.3 lbs. = 3,320.3 lbs. ROG per Spare the Air day

d) 
0.38 tons + 1.28 tons = 1.66 tons ROG per Spare the Air day

Step 6c – Estimate PM10 Reductions 

Using a VMT PM10 emission factor for 2002 of 0.224 grams (from EMFAC 2000, v.2.02), the estimated emission reduction for each Spare the Air day is 0.354 tons as derived for the Bay Area thusly:

a) 1,434,190 miles reduced x 0.224 grams = 321,259 grams = 707.6 lbs. or 0.354 tons per day

Note:  EMFAC2002 has “trip end” emissions associated with PM10.  As shown in the examples for NOx and ROG, these emissions should be included in the total emission reduction calculation when using the method with the emission factors included in Attachment 3.

Step 6d – Estimate Average Daily Emission Reduction
The emission reduction calculations will be for a given Spare the Air Day.  In a SIP, the reductions would likely be expressed in terms of tons per average ozone season day.  If you are just evaluating the ozone program impacts for the purposes of an attainment demonstration, you can use the first technique to estimate emission reduction per ozone day and for the sum of all ozone days.  To estimate total program emission reductions, you should:

a) multiply the Spare the Air Day daily emission reductions by the number of Spare the Air Days in the ozone season to estimate total emissions reduced over the season

If you want to estimate the impact for each day during the ozone season, to compare with any SIP estimates or to compare with other episodic measures, you should:

b) divide the total emissions over the season by the total number of days in the ozone season to arrive at a daily average emission reduction to report in the SIP.  

Seven

Reporting Results

The final, and equally important, step in measuring the impacts of your ozone alert program is the reporting of results.  The form of this reporting depends on the primary audience for the information.  However, a clear and well-written evaluation report and concise executive summary should be able to satisfy different needs, such as:  agency management and board, internal air quality technicians, the media, other agencies (such as ARB and EPA), etc.   

There are several key components of the report that should be included in any comprehensive evaluation report:

· An explanation of the purpose of the evaluation

· A description of the public education campaign and its objectives

· A listing of episode days and any other occurrences on those days 

· A description of the survey process and levels of acceptable error

· A summary of all the survey findings

· A summary of the quantitative findings (trips, miles and emissions reduced)

· An interpretation of other findings (such as awareness and other issues)

· Conclusions and implications for future years

· An explanation of the quantification method and correction factor

· An appendix with the measurement calculations

· An appendix with the survey instrument

The summary of quantitative findings will need to show the results in terms of vehicle trips, VMT and emission reductions per episode day.  The results of the evaluation cannot be applied to all days of the year or the ozone season, only to the number of alert days called for that year.  This is because travel may only be reduced on those days.

When comparing across multiple years, it is important to show the trip and VMT reduction results for comparative purposes.  Emission reduction findings will be affected by changes in emission factors.  Emission factors change as the vehicle fleet changes and gets cleaner and as the science of emissions modeling improves.  When comparing results across different years and regions, it may be better to compare the proportion of reducers and the average adjusted self-reported trip reduction as performance measures of program effectiveness.

Using the recommended method and standardized survey questions should allow air districts and others to confidently measure and interpret program impacts and begin to allow for more comparisons over time and across regions.  This will serve to increase the confidence that policy makers have in episodic public education campaigns to deliver measurable emission reduction benefits.

Eight

Case Study:  Bay Area Spare the Air Program

This reference manual utilizes data from the Spare the Air program implemented by the Bay Area Air Quality Management District (BAAQMD) in the summer of 2002.  The survey questions recommended in Section Five were incorporated into the BAAQMD’s survey instrument to get at both program awareness and travel behavior change.

2002 Bay Area Spare the Air Program

The BAAQMD, serving the nine-county San Francisco Bay Area, initiated its summer ozone alert program, called Spare the Air, in 1991.  This was the first of its kind in the U.S.  The goal of the Spare the Air program is to educate the public about actions they can take to improve air quality on days when air quality is expected to be poor.

The Spare the Air program implemented in the summer of 2002 built upon the experience with past summer efforts.  During the entire summer ozone season (June 3 – October 10, 2002), the Spare the Air campaign includes general outreach, promotion and advertising (billboards, TV and radio ads) that convey the general message of air quality awareness and actions residents can take to contribute to air quality improvement.    The BAAQMD’s Spare the Air program includes employer and youth outreach as part of its public education efforts.

At the heart of the Spare the Air program are ozone alert activities put into place in anticipation of an unhealthful air quality day.  When the federal 8-hour standard for ozone precursors is forecast to be exceeded, the BAAQMD undertakes the following steps:

1. Approximately 14,500 residents and employees are notified by e-mail of Spare the Air being called for the next day.

2. Some 1,700 companies are notified as well, requesting they notify their employees of Spare the Air and actions they can take, including not driving to work the next day (using public transit, carpooling, bicycling, walking, etc.).

3. The print media, TV and radio stations are notified so they can pass the word on to the general public.

4. Notices are posted on the BAAQMD’s web-site and toll-free telephone hot-line.

In the summer of 2002, seven Spare the Air days were called during the summer ozone season.  As reported in Section Six, use of the recommended measurement method resulted in the estimation of 1.58 tons of NOx and 1.66 tons of ROG being reduced on each Spare the Air day.

Nine

Additional Resources 

Additional resources exist on the topic of measuring the benefits and impacts of voluntary trip reduction strategies.

California Air Resources Board

The California Air Resources Board offers evaluation tools to measure the impacts of trip reduction strategies, both public sector strategies such as carpool and vanpool programs and employer-based trip reduction programs.  Two automated set of methods are available as part of ARB’s Cost Effectiveness Analysis Tools:

“Automated Methods to Find the Cost Effectiveness of Funding Air Quality Projects for FY 2000-2001” (Updated May 2002)

“Determining the Cost Effectiveness of Employer TDM Programs” (Updated May 2002)

Both can be downloaded at http://www.arb.ca.gov/planning/tsaq/eval/eval.htm. For further information, contact Jeff Weir in ARB’s Transportation Strategies Group (916-445-0098, jweir@arb.ca.gov).

U.S. Environmental Protection Agency

The U.S. Environmental Protection Agency is currently developing a toolkit to show the benefits of public outreach programs, tentatively entitled “Outreach and Partnerships:  Demonstrating the Benefits.”    For more information, contact Susan Bullard, EPA Office of Transportation and Air Quality (bullard.susan@epa.gov).

Several reports exist on the topic of Episodic Control programs and other Voluntary Mobile Source Emission Reduction Programs, including:

“Guidance on Incorporating Voluntary Mobile Source Emission Reduction Programs in State Implementation Plans (SIPs),” memorandum from Richard D. Wilson (Acting Assistant Administrator for Air and Radiation) to EPA Administrators, October 23, 1997.  A copy can be found online at http://www.epa.gov/otaq/transp/vmweb/vmdesign.htm.

“Voluntary Mobile Source Programs:  Crediting Innovation and Experimentation,” brochure (EPA-420-K-97-004).  A copy can be found online at http://www.epa.gov/otaq/transp/vmweb/vmpoldoc.htm.

“Quantification of Episodic Control Programs:  Technical Report (EPA-420-R-97-006, May 1998).  This report examines methodologies used by five ozone action day program to quantify benefits and lessons learned.

“Community Action Programs:  Blueprint for Program Design – Technical Report,” (EPA-420-R-99-006, March 1999).  This report provides an overview of design aspects of an ozone action day program, emphasizing best practices.

For information on including emission reductions from ozone alert programs in your SIP, contact your regional EPA office, or Mark Coryell at the EPA Office of Transportation and Air Quality (coryell.mark@epa.gov). 

Attachment 1

Example of Survey

2002 Bay Area Spare the Air Survey and Top Line Responses

Godbe Research & Analysis

December 2002

Toplines (881 Interviews)

BAAQMD Spare the Air Study
CONVENTIONAL ROUNDING RULES (.5 OR ABOVE IS ROUNDED UP TO THE NEXT WHOLE NUMBER, AND .4 OR BELOW IS ROUNDED DOWN TO THE PREVIOUS NUMBER) APPLY TO THE PERCENTAGES ON THE FOLLOWING PAGES. AS A RESULT, THE PERCENTAGES BELOW MAY NOT ADD UP TO 100 PERCENT.
Hello. My name is _____, and I’m calling on behalf of GRA, a public opinion research firm. We’re conducting a survey concerning issues of importance to residents of the Bay Area region and we’d like to get the opinions of a driver in your household. It should just take a few minutes of their time. 

(IF NEEDED) This is a survey only and I am not selling anything.

For statistical reasons, I would like to interview the youngest male driver who is at home right now.

(IF MALE DRIVER NOT AVAILABLE)

Then I would like to interview the youngest female driver who is at home right now.

(IF NO DRIVER EVER IN HOUSEHOLD, TERMINATE. IF DRIVER IN HOUSEHOLD BUT NOT CURRENTLY AVAILABLE, ATTEMPT TO SCHEDULE CALLBACK.)

(IF THE PERSON ASKS WHO THE SURVEY IS FOR, LET THEM KNOW THAT YOU CAN TELL THEM AT THE CONCLUSION OF THE INTERVIEW)

i.
Do you regularly drive a vehicle four or more days per week?


Yes
84%
(SKIP TO Q1)


No
16%

ii.
What is your reason for not driving four or more days per week?


Don’t have a car/driver’s license
19%
(SKIP TO Q10)


Economic/convenience related
4%
(SKIP TO Q10)


Air quality related
2%
(SKIP TO Q10)


Other (SPECIFY:)
75%
(SKIP TO Q10)

1. We’re interested in the travel behavior of people in the Bay Area -- specifically the number and types of trips that they make in a day. A ‘trip’ is defined as traveling from one place to another and then stopping. For example, if you left your house and went to the store, that is one trip.  Leaving the store and going to work or coming back home is another trip. Another example would be if you left your house and went to the bus or train station, which is one trip.  Taking the bus or train to your work would be a second trip.  (MAKE SURE THEY UNDERSTAND WHAT A ‘TRIP’ IS).

Please take a moment to think back over your day.  Excluding any trips that were made ‘on-the-job’, such as driving a delivery truck, as well as any trips made on an airplane, how many trips did you make today?


Mean Number of Trips Overall
3.03


00 to 01
25%


02 to 03
38%


04 to 05
25%


06 to 07
8%


08 to 10
4%


11 to 20
1%


21 to 30
0%

IF Q1 = 0 or 99 SKIP TO Q3
2. Sometimes people will purposely increase the amount of driving they do in a day. An example of purposely increasing driving would be if a person decided to drive to the store when they normally would have walked, bicycled, or taken a bus.  Did you purposely increase the amount of your driving today?

(If respondent asks to clarify what purposely increasing driving is, say “It means deciding to drive someplace when you would usually travel there without driving.”)


Yes
7%


No
93%

3. Sometimes people will purposely decrease the amount of driving they do in a day.  An example of purposely decreasing driving would be if a person decided to take a bus, walk, bike or ride with someone else to work when they normally would have driven, or if someone decided to simply not take a trip they would have normally taken in a car.  Did you purposely decrease the amount of your driving today?

(If respondent asks to clarify what purposely DECREASING driving is, say “It means deciding to go someplace without driving when you normally would have driven or deciding not to make a trip that you would normally would have made in a car.”)


Yes
17%


No
82%
(SKIP TO Q10)


(DON’T READ) DK/NA
1%
(SKIP TO Q10)

4. You indicated that you purposely decreased the amount of your driving today. How many driving trips did you purposely decrease today?


Average trips decreased
1.89


1 to 3
90%


4 to 6
8%


7 to 10
0%


Refused
2%

Ask Q5 Through q9 for each trip decreased (Q4)


Numbers presented in Q5 through Q9 represent the overall responses for all trips reduced.

5. Thinking of the (first/second/third…) driving trip you decreased, how did you decrease this trip? 


Did not make the trip today
38%
(SKIP TO Q7)


Carpool/vanpool passenger
15%



Public transportation
3%


Combined trips
3%
(SKIP TO Q7)


Bicycled
6%
(SKIP TO Q7)


Walked
21%
(SKIP TO Q7)


Worked from home (telecommuted)
0%
(SKIP TO Q7)


Used the Internet to complete a task



(other than telecommuting)
0%
(SKIP TO Q7)


Other (SPECIFY:)
10%
(SKIP TO Q7)


Refused
3%
(SKIP TO Q7)

6. Did you have to drive or be driven somewhere to catch your ride, such as to a transit stop or a Park and Ride lot?


Yes
34%


No
66%


(DON’T READ) DK/NA
0%

7. (IF Q5 = 1 THEN ASK:) What was the purpose of the trip going to be?  (IF Q5 = anything other than 1, ask:) What was the purpose of this trip?


Going to or from work
13%


Going to or from school
3%


Shopping (mall, groceries)
34%


Recreation and entertainment (out for dinner,



movies, beach, gym)
17%


Scheduled appointments, lessons, or practices



(doctors, music, little league, soccer)
4%


Other (SPECIFY:)
21%


(DON’T READ) DK/NA
5%

8. How many miles would you say that this trip was, or would have been? (IF RESPONDENT SAYS THEY ARE UNSURE, ASK THEM TO GIVE THEIR BEST ESTIMATE)


Average miles of reduced trip
9.05


1 to 10
76%


11 to 20
16%


21 to 50
5%


51 to 100
2%

9. Why did you purposely decrease this driving trip? (Do NOT prompt for specific answers)


32 of the 881 respondents (3.6%) indicated they decreased at least one trip because of Spare the Air ads or air quality reasons.


Spare the Air or ads asking people to 



drive less
 25%


Air quality reasons
5%


Other
71%

 

10. OK, let me change subjects a bit. I’m going to read through a short list of activities, and as I read each, please tell me if you would normally do this activity. Would you normally use _____ today? (IF RESPONDENT INDICATES THEY WOULD NORMALLY PERFORM AN ACTIVITY, FOLLOW WITH:) Did you actually _____ today?

RANDOMIZE

NORMALLY USE?


ACTUALLY USE TODAY?


Yes
No
DK/NA
Yes
No
DK/NA

A.
Aerosol hairspray
14%
85%
1%
71%
29%
0%

B.
Insecticides
12%
88%
0%
39%
61%
0%

C.
Air fresheners
24%
76%
1%
61%
39%
0%

D.
Cologne or perfume
40%
59%
0%
76%
24%
0%

E.
Lighter fluid for barbeques
12%
87%
1%
19%
80%
1%

F.
Gas powered garden


  equipment
11%
89%
0%
29%
71%
0%

G.
Furniture polish
15%
84%
1%
28%
72%
0%

H.
Household cleaner sprays
41%
58%
0%
43%
57%
0%

FOR EACH ITEM IN Q10 IN WHICH THE RESPONDENT NORMALLY USES AN ITEM, BUT DID NOT TODAY, ASK Q11
11. Why did you choose not to use _____ (ITEM FROM Q10) today? (DO NOT READ ITEMS BELOW)

36 of the 881 respondents (4.1%) indicated they did not use at least one product listed in Q10 because of Spare the Air ads or air quality reasons. End of the season analyses will detail product usage.



Percentage of those




who said they normally use 




product that did not
Percentage of total



use product that day 
sample (881) that chose



because of STA or
not to use product because



air quality concerns
of STA or air quality concerns

A.
Aerosol hairspray
4.000%
0.568%

B.
Insecticides
5.769%
0.681%

C.
Air fresheners
1.442%
0.341%

D.
Cologne or perfume
1.130%
0.454%

E.
Lighter fluid for barbeques
3.636%
0.454%

F.
Gas powered garden


  equipment
7.447%
0.795%

G.
Furniture polish
2.256%
0.341%

H.
Household cleaner sprays
3.836%
1.589%

12. In the past two days, have you heard, read, or seen any news stories or public service announcements about Spare the Air, poor air quality, or requests to drive less in this area, or to not use certain products that affect air quality?


Yes
63%


No
36%
(Skip to Q15)


(DON’T READ) DK/NA
1%
(Skip to Q15)

13. Where did you see or hear the news story, advertisement, or public service announcement? (DON’T READ CHOICES: MULTIPLE RESPONSE PERMITTED)


Television
58%


Radio
37%


Magazine
0%


Newspaper
10%


On a website
2%


Mail piece
1%


Billboard
15%


Other
5%


Don't recall
1%

14. What do you remember about the story, advertisement or announcement? 

Verbatim responses have been coded into the following categories. As multiple responses were allowed for this question, the numbers add to more than 100 and thus represent the percentage of individuals - among those who said ‘Yes’ to Question 12 - who mentioned a particular message.


STA Day
43%


Heat / High temperatures
23%


Poor air quality / smog
16%


Use public trans
6%


Carpool
11%


Ride bike
2%


Walk
1%


Don't BBQ
5%


Don't drive
31%


Don't use aerosol
3%


Don't use gas-powered tools
2%


Don't use lawn mowers
5%


Wait until PM for certain activities
4%


Conserve energy
4%


Other
28%


Can't remember
4%

15. Are you currently employed full time, employed part time, self-employed, a student, a homemaker, retired or are you not currently employed right now? (MULTIPLE RESPONSE PERMITTED)


Employed full-time
45%



Employed part-time
10%


Self-employed
13%


Student
8%



Homemaker
7%
(SKIP TO Q20)


Retired
16%
(SKIP TO Q20)


Not employed
9%
(SKIP TO Q20)


(DON’T READ) Refused
1%
(SKIP TO Q20)

ASK Q16 ONLY IF Q15 = 4

16. How do you normally commute to school? (MULTIPLE RESPONSE PERMITTED)


Drive vehicle alone
54%


Carpool
13%


Vanpool
2%


Public transit
15%


Bicycle
6%


Motorcycle
-0%


Walk or jog
18%


Online schooling from home
2%


Other
2%


Refused
2%

ASK Q17 ONLY IF Q15 = 1, 2, OR 3 OTHERWISE SKIP TO Q20
17. How do you normally commute to work? (MULTIPLE RESPONSE PERMITTED)


Drive vehicle alone
80%


Carpool
8%


Vanpool
0%


Public transit
7%


Bicycle
3%


Motorcycle
1%


Walk or jog
3%


Online schooling from home
0%


Other
7%


Refused
1%

18. Does your employer notify you of poor air quality days?


Yes
12%



No
86%



(DON’T READ)  DK/NA
2%

19. Does your employer encourage you to drive less, car pool, or use public transportation on poor air quality days?


Yes
24%



No
72%



(DON’T READ) DK/NA
4%


20. OK, let me change gears a bit. Have you ever heard of _____? (CODE DK/NA AS ‘NO’)

RANDOMIZE
Yes
No 

A.
Bay Area Air Quality Management



District
56%
44%

B.
Metropolitan Transportation 



Commission
56%
44%

C.
The Spare the Air Campaign
75%
25%

QUESTIONS 21 AND 22 ARE TO BE ASKED FOR EACH Q20 ITEM THAT THE RESPONDENT HAS HEARD OF (=1)

21. Generally speaking, would you say you have a favorable or unfavorable opinion of _____ (ITEM FROM Q20), or do you have no opinion either way? (GET ANSWER THEN ASK:) Would that be very or somewhat (favorable/unfavorable)?

	
	Bay Area Quality Management District
	Metropolitan Transportation Commission
	The Spare the Air Campaign

	Very favorable
	18%
	15%
	47%

	Somewhat favorable
	23%
	19%
	30%

	Neutral
	41%
	45%
	18%

	Somewhat unfavorable
	5%
	6%
	2%

	Very unfavorable
	4%
	5%
	1%

	DK/NA
	9%
	10%
	2%


22. In the past six months, have you heard, read, or seen any news story, advertisements, or public service announcements about (ITEM FROM Q20)? (CODE NOT SURE AS ‘NO’)

	
	Bay Area Quality Management District
	Metropolitan Transportation Commission
	The Spare the Air Campaign

	Yes
	38%
	37%
	70%

	No
	60%
	62%
	30%

	Refused
	2%
	1%
	1%


To wrap things up, I have a few background 

questions for comparison purposes.

A. Including yourself, how many licensed drivers live in your household?


0 to 1
27%


2 to 3
63%


4 to 6
9%


7 to 10
0%


Refused
1%

B. In what year were you born?


18 to 24
11%


25 to 34
18%


35 to 44
20%


45 to 54
20%


55 to 64
14%


65+
15%


Refused
3%

C. What ethnic group do you consider yourself a part of or feel closest to? (IF RESPONDENT HESITATES, READ LIST) 


Caucasian/White
64%


Latino/Hispanic
10%


African-American/Black
5%


Korean-American
0%


Japanese-American
0%


Chinese-American
2%


Vietnamese-American
0%


Other-Asian-American
7%


Pacific Islander
1%


Mixed
0%


Other
6%


DK/NA
4%

D. I have just one more question for you. I am going to read some income categories. Please stop me when I reach the category that best describes your total household income.


$49,999 or less
26%


$50,000 to $74,999
18%


$75,000 to $99,999
17%


$100,000 to $149,999
15%


$150,000 to $199,999
5%


$200,000 or more
5%


(DON’T READ) DK/NA/Refused
16%

Those are all the questions I have for you. 

Thank you very much for participating. This survey was sponsored by the 

Bay Area Air Quality Management District

E. Respondent's Gender:


Male
45%

Female
55%
Region:


Alameda
21%


Contra Costa
14%


Marin
4%


Napa
2%


San Francisco
13%


San Mateo
10%


Santa Clara
23%


Solano
5%


Sonoma
7%

Episode Date:


07/09/02
23%


07/10/02
22%


07/11/02
8%


08/09/02
11%


08/10/02
13%


09/19/02
23%

Attachment 2

Sample Size Determination

Several factors need to be considered in determining the sample size:

a) proportion of reducers, denoted as p;

b) desired accuracy of the proportion of reducers, or allowable error band, denoted as Lp;

c) variance of average self-reported trip reduction, denoted as (2
d) allowable error band for self-reported trip reduction, denoted as Lx
e) confidence level-- we recommend using 95%.

Two sample size requirements need to be determined:

1. Sample size requirement to meet allowable error band for proportion of reducers, Lp

Proportion of Reducers 

The proportion of reducers follows the binomial distribution, with p being the proportion of reducers among the general population.  The required sample size  is:





n = 4pq/ Lp 2


where
p is the proportion of reducers;



q=1-p;



Lpis allowable error band, e.g. 1.2%, or any number you desire.

   

2. Sample size requirement for reducers to meet allowable error band for self-reported trip reduction, Lx
Self-Reported Trip Reduction

We can reasonably assume that the average trip reduction 
[image: image6.wmf]X

is approximately normally distributed when n is large enough (>=30). If you want to estimate the true mean of the self-reported trip reduction within Lx trips with 95% confidence, then the sample size required is



Nreducer = 4(2/ Lx 2

 

 where  (2 is variance of average self-reported trip reduction.




Lx is allowed error band, e.g.0.5 trips, or any number you desire.

Please note that n in the first formula, proportion of reducers, is the sample size from the general population, while Nreducer is the sample size for reducers. You will need to meet both sample size requirements and the minimum number of reducers is 30.

Attachment 3

California Average Auto Emission Factors 

EMFAC2002 Average Light Duty Passenger Vehicle Emission Factors for 2003 - 2005

(Fleet of Light-Duty Passenger Vehicles, Light-Duty Trucks, and Motorcycles)

	Analysis Period
	2003
	2004
	2005

	ROG
	
	
	

	VMT   (g/mile)
	0.523
	0.470
	0.424

	commute trip ends (g/trip end)
	1.873
	1.721
	1.578

	average trip ends (g/trip end)
	1.364
	1.250
	1.144

	NOx
	
	
	

	VMT (g/mile)
	0.686
	0.604
	0.539

	commute trip ends (g/trip end)
	0.769
	0.722
	0.675

	average trip ends (g/trip end)
	0.695
	0.650
	0.613

	PM10
	
	
	

	VMT (g/mile)
	0.218
	0.218
	0.218

	     running exhaust only (g/mile)
	0.013
	0.013
	0.013

	     tire and brake wear (g/mile)
	0.021
	0.021
	0.021

	     road dust (g/mile)
	0.184
	0.184
	0.184

	commute trip ends (g/trip end)
	0.014
	0.015
	0.015

	average trip ends (g/trip end)
	0.008
	0.008
	0.008

	CO
	
	
	

	VMT (g/mile)
	6.190
	5.591
	5.060

	commute trip ends (g/trip end)
	16.291
	15.023
	13.862

	average trip ends (g/trip end)
	11.834
	10.888
	10.031


Source:  EMFAC2002, Version 2.2, statewide, average annual emissions, light-duty cars and trucks plus motorcycles.  The rate summary model output report (rts) used for commute trip end calculations is based on temperature 75 degrees F and 50% humidity.  The VMT factors equal running exhaust plus running losses divided by daily VMT. The average trip end factors equal statewide start emissions plus hot soak emissions divided by daily trips. 

The commute trip end factors are based on an “off-model” calculation that equals statewide start emissions for a commute-type pre-start soak distribution plus hot soak emissions divided by daily trips.  The commute trip end factors do not reflect the soak distribution used in EMFAC2002.  Instead, the factors are calculated using a special commute-type pre-start soak distribution based on an analysis of the 1991 Statewide Travel Survey for all day home-work and work-home trips. 

PM10 VMT factor includes motor vehicle exhaust, tire wear, brake wear, and entrained road dust. The road dust portion of the PM10 factor is based on U.S. EPA’s Compilation of Air Pollutant Emission Factors (AP-42, January 1995).  Silt loading and vehicle weight data used as inputs to EPA’s equation are from Improvement of Specific Emission Factors  (BACM Project No. 1), Final Report, Midwest Research Institute, March 1996.  Vehicle trip reductions may have little, if any, effect on road dust emissions from high volume facilities thought to be in equilibrium, i.e., the dust is fully entrained due to the heavy traffic.  The road dust PM10 factor, however, may be multiplied times total VMT reductions as it has been scaled down to reflect emissions from lower-volume local and collector roads only.

NOTES:  (1) The factors do not include medium-duty vehicles (5751 to 8500 GVW); however, emissions from medium-duty vehicles used as passenger vehicles have an insignificant effect on the average emission factor (1% or less) when added to the emission factors given for light-duty vehicles.  (2) Light-duty vehicle emission standards require progressively cleaner fleet average emissions.  This accounts for the gradual decrease in fleet average emission factors over time.  

Source:  California Air Resources Board (January 2003)

TO USE THE TABLE to find emissions related to Spare the Air Days:  1) select the year you want to analyze (years after 2005 will require a new EMFAC run; however it is expected that a newer version of EMFAC would be appropriate for use for 2004 and later analysis years in any case; 2) multiply daily miles reduced by the VMT factor, 3) multiply the number of trips reduced by the average trip end factor; 4) add VMT emission reductions to trip end emission reductions; 5) divide by 454 grams/lb to get lbs of emissions per Spare the Air Day; 6) repeat for each pollutant of interest. (Note:  Use the commute trip end factor when analyzing work trips.  Use the average trip end factor when analyzing a variety of trip types.  The VMT factor is the same in both instances.)

Differences in Versions of EMFAC

The EMFAC model is maintained and updated regularly by the California Air Resources Board.   EMFAC2000 was used in the example calculations in order to maintain consistency with the Bay Area SIP calculations.  For reference, below we list the refinements included in the EMFAC model between EMFAC2000 and EMFAC2002.  The gram per mile and the trip end emission factors are lower in the EMFAC2002 model than they were in the EMFAC2000 model, which will decrease the estimated effectiveness of the program.

EMFAC 2000 was updated to EMFAC2001 to include the following refinements, which cumulatively led to some changes in emission factors for affected vehicle classes.

· Elimination of Diesel Start Emissions 

· Adjusted the fuel Correction Factors for Low Sulfur Diesel 

· Corrected the Benefit Estimate for USEPA 2007+ Heavy-duty standards 

· Modified the Benefit Estimate for LEVII/Tier II (Low Emitting Vehicles)

· Added Additional Chassis Dynamometer Data for Heavy-Duty  

· Gasoline Powered Trucks 

· Included LEVII and Tier II Programs 

· Added Evaporative Emissions for ZEVs (Zero Emission Vehicles)

· Added New Standards for Urban Buses 

· Modified the Air Conditioning Correction Factors based on Public Comment 

· Updated Idle Emission Rates 

· Updated School Bus Activity Estimates 

· Updated Unregistered Vehicle Estimates

EMFAC2001 was updated to EMFAC2002 to include the following additional refinements:

· Revised Implementation Schedule for LEVII 

· Correct Monthly Average Gasoline RVP  (Reid Vapor Pressure)

· Correction to 2007+ HDD (Heavy Duty Diesel) PM Emission Rates 

· Extended Idle for Heavy-Duty Trucks 

· Modification of Passenger Car Mileage Accrual Rates 

· Update Speed Distribution 

· Update Vehicle Miles Traveled 

· Update Population and Registration Distributions

· Revise Phase 3 Gasoline Fuel Correction Factor Start Date 

Standards-Ratio Factors for Tire Wear and Brake Wear PM 

· Revising the Cutpoints for the Enhanced Inspection and Maintenance

   
Program

Additional information for non-California users:

This methodology was developed in coordination, and with funding from EPA, FHWA, and agencies within California.  The focus is on California examples and uses the California emission factor model EMFAC.  However, many areas in the U.S. may find this methodology helpful in evaluating their Spare the Air programs.

The methodology would be applied exactly as described, except for the use of the MOBILE6 model in place of the EMFAC model.  As noted above, the model can be run by the agency evaluating the program or output from the model for a specific area may be obtained from your local air district, state air agency, or regional EPA office.  The model may be downloaded from http://www.epa.gov/otaq/m6.htm,   Regional EPA offices can be contacted by going to www.epa.gov/region-of-your-choice (e.g. www.epa.gov/region01).  There are ten regions in the U.S.  If you are not sure what region you are in, you can type “regional offices” into the search box at the top of EPA’s main page and a list of regional office websites and states covered will appear.  
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� USEPA, “   “  Office of Mobile Sources, EPA420-F-97-022, December 1997.


� USEPA,  “Guidance on Incorporating Voluntary Mobile Source Emission Reduction Programs in State Implementation Plans”  Memorandum from Richard Wilson to EPA Regional Administrators, 10/24/97.,   p. 2..


� USEPA, op cit, p. 10
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