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Abstract:  This paper examines how several regions in the U.S. measure travel and emission impacts from their ozone action day public education programs using telephone surveys of drivers.  It summarizes the evaluation experience of the San Francisco Bay Area’s Spare the Air program.  This scan paper identifies six other regions that are either 1) measuring travel behavior impacts or 2) measuring both travel and emission impacts.  It then discusses the key methodological issues related to the evolution of these public education programs from episodic to year-round programs.  This includes the principle issue of driver recall of discrete behavior changes made in response to an omnipresent campaign.

INTRODUCTION

Purpose

This paper summarizes a national review of Ozone Action Day surveys and their use to measure travel behavior change and resulting emission reduction impacts.  It also discusses the methodological implications of going to year-round campaigns.

Why Measure Emissions?

There are many and varied reasons to measure the emission reduction impacts of ozone action day programs, mostly grounded in the need to measure program performance over time.  The main reasons given for not measuring emission impacts were 1) because it is technically difficult to do so, or 2) the emission reductions are not needed for attainment as specified in the SIP.

The reasons for undertaking a systematic evaluation to measure behavior change and emission reductions include:

· To document effectiveness of program funded with CMAQ monies

· To provide management information on program effectiveness for program managers and board members

· To measure program progress and effectiveness over time

· To provide information on impacts to the public and the media

· To quantify emission reductions as part of Ozone Early Action Compacts or Voluntary Mobile Source Emission Reduction Program (VMEP) credits in a State Implementation Plan (SIP)

· To assess the cost effectiveness of public education programs in comparison to other mobile source emission reduction strategies.

Status of Public Education Programs

Many cities and regions of the U.S. use air quality public education campaigns to both raise awareness about how individuals can impact the environment and to solicit specific actions, especially from drivers to use their cars smarter.  Many of these programs are episodic (focus the campaign on ozone alert days) or are seasonal (implement the campaign during the entire summer ozone and/or winter CO season).  

More programs are now going to year-round campaigns, in part due to new requirements on particulate matter (PM 2.5) that is a year-round phenomenon.  The FHWA’s It All Adds Up to Cleaner Air program works with some 90 community partners to develop and implement air quality public education campaigns. (2)  This federal effort now emphasizes a year-round approach and had campaign focal areas for each of the four seasons, such as fuel efficiency and refueling during the summer ozone season, car tune-ups during the spring, trip-chaining during the winter, and mode shift in the fall.

How Information was Collected

Review of Existing Evaluations - The authors have been involved in the evaluation of several Ozone Action Day or Spare the Air programs in California, Tennessee and New York.  Recent survey reports, survey instruments and methodologies were reviewed from these areas.

Federal Inquiries – Two federal programs assist non-attainment areas with developing, implementing and evaluating air quality public education programs.   The US EPA’s Office of Transportation and Air Quality provides assistance on outreach.  That program produced guidance entitled “Demonstrating the Benefits:  A Program Planning and Evaluation Toolkit for Air Communicators” (1) which includes sample surveys with some questions on travel behavior.  

Internet Appeal – using the TDM listserv, operated by the Center for Urban Transportation Research at the University of South Florida, a broad appeal was made for contacts at agencies that performed ozone action program surveys.  The listserv included over 900 transportation professionals from around the world.  The inquiry specifically asked about programs that sought to measure travel behavior change, not just levels of awareness or opinions on air quality.

Specific Contacts – based on information provided by the federal program managers and leads provided by responses to the TDM listserv request, five cities were identified as performing surveys and using the data to measure travel behavior change and, in some cases, estimate emission reduction impacts.  The five cities (and their region) include:

1. Phoenix (Valley of the Sun region)

2. Austin (Capital Area)

3. Cincinnati (Ohio-Kentucky-Indiana region)

4. Louisville (including some of southern Indiana)

5. Birmingham (Jefferson and Shelby Counties)

Several areas that have employed surveys were contacted, but did not respond or provide information.  

This paper is outlined as follows:

· A brief evolution of measuring the impacts of the first ozone action day program, the Bay Area Air Quality Management District’s (BAAQMD) Spare the Air program.

· Other case studies of programs that only measure travel behavior changes (Phoenix, Austin and Louisville).

· Other case studies of programs that measure travel behavior change and estimate resulting emission reductions (Sacramento, Birmingham and Cincinnati).

· A comparison of the research designs, survey instruments, and evaluation methodologies among all the program reviewed.

· A discussion of the methodological implications of year-round campaign evaluation.

· A set of conclusions and recommendations

EVOLUTION OF SPARE THE AIR MEASUREMENT IN THE BAY AREA

The Bay Area Air Quality Management District’s (BAAQMD) Spare the Air Program was implemented to “educate people about air pollution and encourage them to change their behavior to prevent it.”(3)  The BAAQMD has strived to measure levels of awareness and understanding about air pollution, as a result of the Spare the Air Program, and to measure behavior changes made in response to the Spare the Air call to action.  The BAAQMD has been a leader in adopting and enhancing measurement methods to measure the impact of Spare the Air on travel behavior and emission reduction.   They were the first air district to adopt the ARB/EPA “Method to Measure the Travel and Emissions Impacts of Ozone Action Public Education Campaigns.” (4)   

The Bay Area Air Quality Management District (BAAQMD), which serves the nine-county San Francisco Bay Area, began its summertime Spare the Air program in 1991, being one of the first air districts to target summertime ground-level ozone formation through a voluntary public education program.  

The BAAQMD has conducted regular program evaluations since 1996, annually since 1998, using independent contractors.  The evaluation methodology has evolved considerably over the past ten years.   Evaluation is conducted for two primary reasons:  to account for impacts of CMAQ-funded programs and to report impacts to policy-makers, the media and the public.   More recently, the evaluation results have been used to refine the public education campaign and its message.

The two critical pieces of survey information needed to estimate emission reductions are the proportion of residents (drivers) who reduce driving during episodes in response to the Spare the Air program and the amount of driving they reduce.  The nature of these questions required they be asked during or immediately after an ozone alert, not at the end of the summer season.  Survey conducted for the BAAQMD have always been conducted the evening after a Spare the Air day was announced.  Other inputs to the measurement method, average driving distance and average emission factors, can be acquired from regional planning sources.

The first survey, conducted in 1996, determined the proportion of residents who drove less than usual and knew it was a Spare the Air days (approximately 2.7%) and them assumed that the average reduction in travel was one round trip (two one-way commute trips).  The key survey question was:

Respondents were then asked why they varied their travel behavior and finally, were they aware it was a Spare the Air day.   As with the first survey, trip reduction was assumed (one round trip).   The proportion that reported reducing driving for air quality reasons on Spare the Air days ranged from 1.4% to 4.4%.

In 2002, the evaluation was enhanced to use the standardized methodology for the California Air Resources Board (mentioned in the introduction).  BAAQMD had served as a project partner on that research and decided to adopt the methodology for the Bay Area.  The so-called ARB method differed significantly from past survey methods in that it measured travel behavior change not only in terms of whether they reduce travel, but by how much.  Further, the method requires the adjustment of self-reported trip reduction, based on research conducted as part of the ARB study that showed drivers overestimate the amount of driving they reduce.

In addition to establishing knowledge that is was a Spare the Air Day (left until the end of the survey to avoid biasing the results), the critical question on driving behavior was modified to ask whether the driver purposely increased or decreased driving during the past day.  The proportion of reducers among all drivers was estimated to be 3.6% (2002) and 2.8% (2003).  

The survey also asked how many individual trips were reduced, the purpose of each trip, and how the car trip was reduced (e.g., walking, bus, carpooling, deferring errands, etc.).  The ARB method was developed using a complex research design that measured travel behavior on ozone alert and non-alert days as well as among self-identified “reducers” versus those who made no behavioral changes.

In 2004, enhancements were made to the core behavioral question to simply and clarify the question about travel reduction.  Respondents were given more specific examples of ways in which they decrease car travel.  These modifications likely picked up some reductions that were not accounted for in the previous surveys, notably drivers who link trips together as a response to Spare the Air days rather than make separate trips.  

In 2004, the proportion of drivers in the region who reduced car trips due to Spare the Air or air quality reasons was 7.24% and the most common ways to reduce travel was linking or simply not making a trip.  In 2005, the proportion of reducers was 7.3%, reducing an average of two self-reported trips per day. (5) 

CASE STUDIES

Experience of Regions That Measure Travel Behavior Changes Attributable to Ozone Action Day Programs

Many regions in the U.S., who operate ozone action day or other episodic or seasonal air quality public education programs, conduct surveys to assess the success of those campaigns.  The most common means for this is assessing awareness of campaign and recall of specific messages.  These surveys are most often conducted after the season has ended and measure the proportion and type of resident that is aware of the campaign.  This is partially due to the fact that many of these campaigns use paid and unpaid advertising and desire to know if they have reached their intended target markets.

Fewer regions, however, attempt to measure the reaction of residents to the campaigns and, specifically, their calls to action.  This section summarizes the experience of three regions that measure travel behavior changes (since one core message of the public education campaigns is to reduce driving or refueling).  The next section summarizes the experience of three regions that both measure travel behavior change and estimate resulting emission reductions, as is the case in the Bay Area.  

Phoenix, Arizona 

The Clean Air Campaign of Maricopa County, Arizona was begun in 1987 and now includes several elements, including a Summer Ozone Season awareness campaign, winter pollution season awareness campaign, rideshare week, bike week, etc. (6)   During the summer ozone season, two types of alerts are issued:  health watches and high pollution advisories.  Much of the mass media information is provided in the winter and spring, before the advisories begin.

Since 1999, Valley Metro (the transit and ridesharing agency) has conducted telephone surveys to assess the effectiveness of the Summer Ozone Season campaign.  The research design includes both a “Pre-Ozone Season” survey in March to gauge levels of awareness and action before the season starts, and a “Post-Ozone Season” survey in October to measure the impact of the program during the summer. (6)

The key indicators included in the Ozone Surveys include awareness of high pollution advisories and actions taken in response to the advisories among those that were aware.Phoenix does not calculate emission reductions from these reported behavioral changes.
  

Program administrators and their evaluation contractors have recently decided to switch back to an episodic survey approach and are implementing this new approach in the summer of 2006.

Austin, Texas
The Austin Area (Travis, Williamson, Bastrop, Hays and Caldwell Counties) Ozone Action Day (OAD) Program – the OAD program was begun in 1993.  Since 1996, the public/private partnership Clean Air Force of Central Texas
, has operated the program and its public education and outreach (8).  The ozone action day alert and response programs are now part of the region’s Early Action Compact for meeting the 8-hour standard for Ozone.  The program also includes notification to over 300 businesses, to individuals via e-mail, and work with some 30 Clean Air Partner businesses.

The Austin area does not undertaken an annual survey targeted to the Ozone Action Program.  Rather, they use a periodic regional commuter survey to ask a variety of questions, including one specific question about knowledge of and reaction to the OAD program.  The so-called CAMPO Transportation Issues Survey is conducted for the Capital Area Metropolitan Planning Organization. (9)   It has been conducted in 1994, 1997, 2001, and in 2004.

The key indicators sought in the one OAD question are 1) familiarity with the OAD program and actions taken on those days among those with familiarity.

The Austin region does not calculate emission reduction impacts from its Ozone Action Day program.  However, since the OAD program is part of the approved Early Action Compact, the status of the program and participation levels (employers, awareness, etc.) are reported to the state and EPA.  However, the OAD Program is not committed to reduce emissions for attainment, and, thus, the region does not plan to quantify emissions in the near future.

Louisville, Kentucky

The Kentuckiana Air Education (KAIRE) Program was formerly known as the Kentuckiana Ozone Prevention Program.  It is administered by the Louisville Metro Air Pollution Control District and funded with CMAQ funds allocated by the two state departments of transportation.  The program now targets both ozone and particulate matter in the metro area.  

Therefore, the program has recently shifted from issuing ozone action day alerts to air quality alerts.  The KAIRE program has been a partner with the It All Adds Up to Cleaner Air program cited in the introduction.  

The Louisville region has conducted air quality surveys in 2002 and 2004 (10).  Called the “Awareness, Perceptions and Behaviors Air Quality survey, it has been conducted as a before/after study in four waves, corresponding to the spring prior to a new campaign being implemented (Wave I), the fall of 2002 to measure awareness and behavior after the first year (Wave II), the spring of 2004 to measure awareness after two years of the campaign, but before it began again in the third year (Wave III) and in the fall of 2004 to measure after the summer campaign (Wave IV).

The key indicators sought in the one OAD question are 1) awareness of the air quality alerts, 2) awareness of the KAIRE media campaign, 3) familiarity with practical ways to prevent pollution, and 4) likelihood in participating in a recommended activity.  Therefore, the survey did not ask, have you taken any action?  Rather it records how likely respondents are to take the action.  

The Louisville survey is part of a research design that is different from others studied here.  The design surveys drivers before and after the summer KAIRE program to assess awareness and behavior, but infers causality by looking at “everyday behavior” and gauging whether it changes during the ozone season.   It does not seem to be designed to measure travel behavior change as a result of the ozone action day program’s episodic message…rather it gauges respondents likelihood to respond.  The Louisville Metro APCD does not use the survey to calculate emission reductions.  They rely on the agencies that operate the transit and commuter rideshare programs to measure travel behavior changes resulting from those efforts.

Experience of Regions That Measure Emission Reductions Attributable to Ozone Action Day Programs

A few regions both measure travel behavior change and use this information to estimate resulting emission reductions.  However, the survey data used and method for estimating emissions differs in all three regions.

Sacramento, California

The Sacramento Valley has had a general awareness campaign since 1989, under the auspices of the Cleaner Air Partnership.  The ozone action day program, which was begun in 1995, is called the Spare the Air program and is managed by the Sacramento Metropolitan APCD.    The program is very similar to that operated in the Bay Area and San Joaquin Valley and all three programs coordinate and cooperate with one another.

Evaluations of the Sacramento Spare the Air program have been conducted annually since 1995 (with the exception of 1997).  The evaluation methodology has evolved over the past ten years as Sacramento researchers refined their methods and worked to make the methodology consist with the ARB method.  This involves both revisions to the questions themselves and a design that includes surveying on control days to assess whether people claim to reduce travel in response to Spare the Air on non-alert days. (11)

The key indicators of behavior change included in the Sacramento survey are:  1) change in travel frequency on a Spare the Air day, 2) the number of trips reduced, 3) reason for that change and 4) knowledge that it was a Spare the Air day or recall of information about air quality.   

The Sacramento survey has documented a significantly lower proportion of reducers (1% - 2%) than in the Bay Area, but a higher average self-reported trip reduction.  The correction factor for adjusting self-reported trip reduction is based on control responses gathered on non-Spare the Air days rather than the ARB correction factor.  In the case of 2004, the control survey days did not document trip reduction for air quality reasons in the region as a whole, so no adjustment was made.  Thus, the Sacramento survey includes an annual control specific to the region, but it is a very different type of control than that used in the ARB research to develop the correction factor. 

The Sacramento survey defines reduction as decreased travel over “normal” or “usual” behavior.  A respondent could actually drive more on a Spare the Air day, due to other factors, but still avoid or reduce some trips due to Spare the Air.  Therefore, the Sacramento method may actually undercount reducers.  Likewise, the question about how many trips were reduced is clarified by adding “to reduce air pollution.”   This might serve to inflate average trip reduction.  The Bay Area survey simply asked if drivers increased or decreased travel yesterday and how many trips.  It later classifies reductions for air quality reasons based on later questions about awareness.

Birmingham, Alabama

The Alabama Partners for Clean Air (APCA) is a coalition of some 20 public, private and non-profit organizations in the Birmingham area committed to achieve and maintain compliance with clean air standards.   The Ozone Action Program, which was begun in 1997, issues Air Quality Alerts (red or orange corresponding to the national Air Quality Index).  The program includes both ozone precursors and particulate matter, hence the switch from ozone to air quality alerts.  On air quality alert days, bus fares are reduced to $0.25 and many businesses display flags that read ”Air Quality Alert – Take Action.”  Carpools are also offered gas cards as part of a Commuter Challenge program, which is now year-round.  Based on readings from 2003 – 2006, the Birmingham region is in attainment for ozone for the 8-hour standard. 

The Regional Planning Commission of Greater Birmingham is a partner within the APCA.  Part of their responsibility is to evaluate the air quality alert program.  Since 2003, the RPC has contracted for two types of surveys, a brief (7-8 questions) questionnaire fielded the night of air quality alerts and a longer (40 questions) survey fielded after the ozone season is over. (12)

The key indicators sought in the Air Quality Alert survey are 1) awareness that an air quality alert was called that day, 2) how or where the respondent received the alert and 3) if and what actions were taken in response to the alert  

The RPC uses the results of the survey to estimate emission reductions from only one action – carpooling.  Staff feels that is a conservative use of the information, rather than trying to take credit for all actions that reduce emissions.  

The Birmingham survey is the only evaluation efforts found outside of California that undertakes surveys during ozone episodes rather than solely before or after the season.  A brief, standardized survey is used so that comparisons can be made across episodes and program years.  Only one response is used for calculating emission reductions – the proportion of those that are aware an alert was called who said they took action in response by carpooling or vanpooling.  

Given similarities with the northern California methods, two aspects of the Birmingham research design are worth noting.  First, surveying takes place in the early afternoon, in addition to the evening.   This may affect the sample, such as the fact that 32% of the respondents were retired or unemployed.  Second, the survey asks about aware of the air quality alerts before it asks about behavior change.   This might have the effect of influencing responses, since the respondents know the purpose of the survey and the “desired” answer in terms of actions taken.

Cincinnati, Ohio

The Regional Ozone Coalition (ROC) of the Ohio-Kentucky-Indiana (OKI) region was formed in 1994 as a voluntary association of local governments, organizations businesses committed to reducing smog in the Cincinnati region.   The ROC addresses smog problems through public and business education, involvement and outreach.  The campaign is entitled “Do Your Fair Share for Cleaner Air.”  Using EPA’s air quality index, Smog Alerts are called on days when ozone levels are expected to reach unhealthy levels.  In the mid-1990s, the program was evaluated using two methods:  surveys and ridership counts.   Surveys were used to assess awareness and behavior changes, but changes in transit ridership (due to a fare reduction) were used to estimate emission reductions resulting from the alert program.  The program is now evaluated using findings from a regional survey as described below.

The Ohio-Kentucky-Indiana Regional Council of Governments (COG) currently participates in a broader regional survey entitled the Greater Cincinnati Survey, which probes public awareness, perceptions and participation in a number of programs (transit, ridersharing, recycling, etc.).   The Greater Cincinnati Surveys from 2002 and 2004 were used to evaluate the program. (13)  The GCS has conducted twice yearly since 1978. 

The key indicators sought in the air quality portion of the GCS are 1) awareness of actions residents could take to keep smog from forming, 2) familiarity with the campaign and smog alerts, 3) whether they have personally changed their behavior in reaction to the smog alert and how, and 4) whether they would take the same action on non-smog alert days.     

The OKI Regional COG has used the results of the 2002 and 2004 GCS to estimate emission reductions from reduced driving.  Using the proportion of all residents (from the survey) who report taking fewer trips or driving less, the COG uses annual emission factors to estimate daily emission reductions on smog alert days.  


The Cincinnati program estimates emission reductions in a manner similar to that used in northern California.  The proportion of driving reducers is applied to the adult population of the region to estimate trip reduction, VMT reduction and emission reduction.  The average trip distance appears to be for all trip purposes, so to the extent the program is reducing commute trips the evaluation is conservative.  However, as did the Bay Area in the earliest years of its evaluations, the Cincinnati region assumes one round trip reduced by those who reduce travel.   The GCS is also conducted after the smog season, so recall issues about actual behavior change as a result of a given alert may be problematic.

COMPARISON OF MEASUREMENT APPROACHES

This research identified six regions in the U.S., in addition to the Bay Area, that are currently or moving toward quantification of travel behavior and emission reduction impacts of their ozone action day programs.   Three currently measure travel behavior changes resulting from their ozone action programs (Phoenix, Austin and Louisville), but do not translate these behavior changes into emission reductions.  Three programs studied here quantify emission reductions from the travel behavior changes (Sacramento, Birmingham and Cincinnati).  

The Table 1 provides a comparison of the programs examined, in terms of the research design, sample size and key findings on awareness, travel behavior change and emission reduction.

General Comparisons

· All six program explored are episodic, in terms of ozone action day alerts and notification, but have seasonal elements in terms of public education, outreach and advertising.

· Several are renaming their episodic ozone programs to air quality alerts in order to account for both ozone precursor and particulate matter exceedences.

· Several medium-sized urban areas are initiating or enhancing ozone action day programs as part of Ozone Early Action Compacts with EPA.

· However, most programs are not included as formal control strategies identified for attainment.  As such, measurement of travel and emission impacts are being undertaken for program management, public relations and funding accountability reasons.

Findings on Surveys and Measurement

· All the regions studied use RDD telephone surveys among adult residents within the program area.
· The survey sample size varied considerably, from 300 completed responses to almost 2,000.  Most of the targeted air quality surveys ranged from 300-1,000 and the multi-purpose surveys used considerably larger samples. 
· Four of the programs survey on ozone action days (the afternoon or evening after an alert has been called).  Two other areas survey in the fall (as part of broader transportation or public opinion surveys) and two use a before and after design to measure awareness and behavior right before and right after the summer ozone season.
· The before and after research design provides an interesting contrast to the episodic survey method.  In essence these programs infer behavior change attributable to the ozone action day program by comparing behavior during the season to that other times of the year.
· One program (Sacramento) measures travel behavior change on control days (non-Spare the Air days) so that these changes can be subtracted from Spare the Air behavior to assess the impacts directly attributable to the alerts.  The same program also measures “seasonal” travel behavior changes among those who modify their behavior during the entire summer in response to air quality concerns.
· Most surveys measure travel behavior change by determining whether the respondent was aware of the program or the alert and then if they took any action in response.  This is somewhat opposite the BAAQMD and ARB approaches which measure travel behavior change and then ascertains the reasons for the change and awareness of Spare the Air.
· Most program that measure travel behavior, but not emissions, assess the proportion of respondents who report making certain desirable changes in response to the air quality alert.  This derives the proportion of adults or drivers who change travel behavior as a result of the program (e.g., drive less, shift mode, combine errands) that reduce vehicle miles of travel (VMT).  Other driving behavior changes, that do not reduce VMT, include refueling in the evening, keeping cars well maintained, and even avoiding drive-thru establishments (reduce idling).
· Evaluations in the Bay Area and Sacramento measuring the proportion of driving reducers and the self-reported number of trips they reduce.   One other program uses the survey response of “drive less,” but not mode shift, to estimate emission reduction and another uses the proportion who shift to carpooling and vanpooling, but not other travel behavior changes.
· The proportion of reducers and average number of trips reduced is crucial to estimating emission reduction impacts.    Two of the programs do not measure the number of trips reduced, but assume two trips reduced (one round trip) as did the Bay Area before using the ARB method.  All four programs that currently measure emission reduction use average trip length from planning sources rather than from air quality surveys.
Program Impacts

· Comparing impacts across regions is problematic because of differences in research designs, survey questions, survey protocols, and analysis techniques.
· Awareness of the ozone action day program, or the air quality public education campaign in general, ranged considerably (13% - 90%) which is perhaps as much a reflection of how the question was asked than regional differences in awareness levels.
· The proportion of respondents who made travel behavior changes to reduce the use of their cars ranged from 1.4% to 12.6%.  Again, the differences in this impact indicators are more due to the definition of travel change and the type of changes counted.
· The proportion of reducers, among those aware it was a Spare the Air day and did so for air quality reasons (i.e., the ARB definition) ranged from 1.4% to 7.3%, based on the most recent survey reports.  The average number of self-reported car trips reduced by these respondents ranged from two one-way trips to 3.6 trips.
· Finally, the total emission reduction (ozone precursors plus oxides of nitrogen ranged from 0.58 tons per alert day to 3.82 tons per day.   These findings are as much affected by the size of the region and local emission factors as it is by survey results.
Implications of Year-round Campaigns

As many program across the U.S. evolve into year-round campaigns, aimed at inducing cleaner travel behavior throughout the year, the implications for evaluation are significant.  New requirements for attainment of PM2.5 standards are moving most regions to employ year-round campaigns.  While ozone precursors are generally a summertime issue (due to temperature and sunlight conditions) and CO is sometimes a winter issue (due to inversion), PM is a more constant issue.

The episodic evaluation methods tend to be most effective and accurate when used during episodes (telephone survey the evening after an ozone alert day).  This helps with respondent recall as to discrete travel behavior changes (e.g., did you do anything difference today than you normally do, or that you did a day or so ago?).  However, when considering an ongoing program, discrete travel behavior changes may be hard to detect.  For example, given limited data collection resources, researchers will not be able to survey every night in order to catch the sporadic nature of travel responses to ongoing campaigns.  If surveys are conducted periodically throughout the year (to control for seasonality), then discrete travel behavior changes in the interim period will depend on the accuracy of recall of respondents.  In other words, if a driver, upon hearing or seeing a message on linking trips, decides to chain a number of trips on a given day, the accuracy of measuring the behavior change will be dependent on the clarity of recall, if the behavior change was many days or weeks before the telephone interview.

This will require carefully constructed research designs that address these recall issues in retrospective surveys.  Survey frequency will have to be often enough to minimize the recall period within reasonable data collection resources.

CONCLUSIONS AND RECOMMENDATIONS

While some similarities existing (such as RDD telephone surveys and attempting to measure behavior change directly attributable to the alert program), the evaluations studied exhibited considerable variety in terms of research design, sample size and results.

However, given that most regions are not including their ozone action day programs as a control strategy toward attainment of the ozone standard, it is very encouraging to see that many regions are still committed to measure the impact of their programs.  Most employ annual or biennial surveys to create time series data on program awareness and behavior change.  Methodological and analytical enhancements are being made to increase the accuracy of the findings.

This leads to several recommendations that will allow for the coordination and dissemination of evaluation methods and findings:

· All involved air districts should continue to publish the annual survey results and program impacts and seek opportunities to broadly disseminate the information in the region, the state and nationally.

· An informal working group could be formed among agencies that operate or evaluate ozone action day programs.  This working group could convene at the annual National Air Quality Conference to compare experiences and coordinate with one another.   This group could also lead the discussion on evaluation issues related to ongoing campaigns.

· Survey and evaluation results could be posted on the AIRNOW website (http://airnow.gov) and enable internet discussions of methods and findings.
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Table 1 - Comparison of Ozone Action Day Program Survey Experience

	Location
	Year
	Design*
	Sample Size
	Aware **
	Proportion Reducing Travel**
	Emission Reduction**

	Bay Area
	2005 (since 1996)
	Survey on episode days
	315 (1,250 planned)
	68%
	7.3%   (aware of and in respond to alert); report 2.0 trips reduced
	1.5 tons of NOx per day;     1.7 tons of ROG per day

	Phoenix
	2005 (since 1999)
	Survey before and after season
	501
	81%
	12%  (of those aware of alerts)
	Not used to estimate emission reduction

	Austin
	2004 (since 1994)
	Survey after season
	1,607
	90%
	2% - 7% drive less, carpool, bus or walk (of those aware of alerts)
	Not used to estimate emission reduction

	Louisville
	2004 (since 2002)
	Survey at beginning and end of season
	300
	77%
	More drivers refuel after 6 pm (16% after vs. 14% before)
	Not used to estimate emission reduction

	Sacramento
	2004 (since 1995)
	Survey on episode days and control days
	1,989 (alert) 1,452 (control)
	56%
	1.4% (aware of and respond to alert); report 3.6 trips reduced
	1.16 tons of ROG/NOx combined per day

	Birmingham
	2005 (since 2003)
	Survey on episode days
	429     (for 3rd episode)
	56%
	12.6% combined trips and 4.4% carpooled (of those aware of alerts)
	0.29 tons HC per day and 0.29 tons of NOx per day, based on carpooling (2003)

	Cincinnati
	2004 (since 2002)
	Part of larger regional survey conducted in fall
	1,611
	51%
	8% drove less; 1%-2% used alternative modes   (among all respondents)
	2.12 tons VOC per day; 1.7 tons of NOx per day


Notes:

*  A surveys were telephone interviews using Random Digital Dialing

**:  Caution should be exercised when comparing survey results across regions.  Differences in research design, survey instruments, and analytic methods cause findings to not always be directly comparable.
� Corresponding author 


�  Valley Metro does conduct a survey of all commuters in the region (TDM Survey) and from the proportion that use alternative modes (21%), they estimate that 6.5 million miles of travel are being reduced daily (assuming the travel would have been by driving alone) resulting in 109 tons of combined pollutants being reduced.  They do not directly, however, attribute these impacts to the TDM or Clean Air programs.
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