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ABSTRACT  
As one of the nation’s more populous cities, Denver experiences substantial traffic-related 

congestion, making its air quality one of the worst in the nation. In 2018, the City and County 

of Denver conducted a series of anti-idling campaigns to educate Denver school communities 

on their idling behaviors. Three Denver Public School campuses were selected to undergo 

three weeks of data collection and behavior change intervention experiments. Volunteers 

collected data during afternoon school pick-up by recording how many vehicles idled. After 

a week of baseline data collection, Denver introduced different idling reduction methods, 

first by placing anti-idling signs in pick-up lanes and then by sending home anti-idling 

pledges to parents through their child’s take-home folders. As a result, the school sites 

noticed a reduction in vehicle idling and idling duration from the first week of the study to 

the last. The results of this study support additional research planned by the City to measure 

the reduction in fine particulate matter due to behavioral interventions at schools.  
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ABBREVIATIONS & ACRONYMS  
 

ANOVA Analysis of variance statistical models 

CAIC Cincinnati Anti-Idling Campaign 

BC Black carbon 

DDPHE Denver Department of Public Health & Environment 

DPS Denver Public Schools 

EC Elemental carbon 

ECE Early Childhood Education 

GES Globeville, Elyria, Swansea neighborhoods  

GPS Global Positioning System 

LCI Lower confidence interval 

MOVES Motor Vehicle Emission Simulator model  

PNC Particle number concentration 

PM Particulate matter 

PM2.5 Fine particulate matter smaller than 2.5 μg/m3 in size 

TRAP Traffic-related air pollution 

Tukey HSD Tukey honestly significant difference statistical test 

UCI Upper confidence interval 

WHO World Health Organization 
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LIMITING EXPOSURE TO TRAFFIC-RELATED AIR POLLUTION NEAR DENVER PUBLIC 

SCHOOLS THROUGH ANTI-IDLING CAMPAIGNS 

 

INTRODUCTION 
Due to its location in the Rocky Mountains foothills, Denver, Colorado is susceptible to 

temperature inversions in which cooler air is trapped beneath warm air. Pollutants can 

become trapped in the inversion layer, as well. As the nation’s 21st most populous U.S. city 

(United States Census Bureau, 2019), Denver experiences substantial traffic-related 

congestion, making its air quality the 24th worst among major U.S. cities (American Lung 

Association, 2018).  

 

Air pollutant concentrations are affected by traffic. Xia et al. (2015) showed that areas closer 

to roads, especially near the main roads, had higher levels of carbon monoxide. A study by 

Brauer et al. (2013) demonstrated that compared to their sample background sites, fine 

particulate matter, or PM2.5, concentrations measured at near-traffic sites were higher. A 

substantial amount can be explained by traffic-related air pollution (TRAP). 

 

Denver’s poor air quality may lead to increased numbers of asthma-related hospital visits 

(American Lung Association, 2018). While all Denver residents will experience the effects of 

poor air quality, children are particularly vulnerable as children’s lungs are still developing 

(Buka et al., 2006). In 2018, 186,712 children were enrolled in the Denver Public Schools 

(DPS) district. 19,474 (10.8%) of these students have asthma (Denver Public Schools, 2019). 

In the United States, the national average for childhood asthma is 8.3% (Zahran et al., 2018). 

 

Children spend, on average, 38 hours of their week at school (National Center for Education 

Statistics, 2004). The location of their school campus may influence children’s health.  In the 

United States, about 8,000 public schools are located within 500 feet of a major roadway 

(Smith Hopkins, 2017). Eleven Denver Public Schools are within 500 feet of major roads with 

high vehicle traffic (Schmike, 2017). TRAP exposure is correlated to the exacerbation of 

existing asthma (Delfino et al., 2004) and has been shown to contribute to new-onset asthma 

(Jerrett et al., 2008). TRAP disproportionately impacts some populations, like those who live 
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in urban areas (McConnell, 2010). Studies suggest that TRAP-attributable childhood asthma 

is between 18 and 42 percent of all childhood asthma cases (Alotaibi et al., 2019). In addition 

to possible home exposure, TRAP exposure at schools can be specifically associated with 

asthma (McConnell, 2010). 

 

TRAP includes emissions from idling buses and cars. Diesel school buses have been 

associated with localized concentrations of black carbon (BC) (Richmond-Bryant et al., 

2009) and PM2.5(Li et al., 2009). A Cincinnati, OH study showed that local vehicle traffic at 

the test school was considered a major contributor of fine particulate matter, or 𝑃𝑃𝑃𝑃2.5, at 

that site (Ryan et al., 2013). When buses and cars are idling during pick-up and drop-off times 

at schools, the emissions of idling vehicles are associated with the levels of 𝑃𝑃𝑃𝑃2.5 in the air 

(Lee et al., 2018). 

 

In recent years, childhood asthma and exposure to air pollutants while at school has received 

national attention (Heath, 2011). The school-setting is a prime intervention point for 

behavior change programs to reduce pollution. In Cincinnati, a multi-organizational 

partnership developed and implemented a community-focused program to reduce TRAP 

exposure at Cincinnati Public Schools. Not only did this program drive awareness 

community-wide, but it also showed that increased community engagement could lead to a 

decrease in idling vehicles (Eghbalnia et al., 2013). These efforts indicated a reduction in 

local 𝑃𝑃𝑃𝑃2.5, elemental carbon (EC), and particle number concentration (PNC) (Ryan et al., 

2013). 

 

Preliminary conversations with community members have suggested that many Denver 

school children and their families are not aware of the connection between idling and its 

impacts on the environment and public health. Only 53 percent of Denver residents realize 

the potential effects of poor air quality (The National Citizen Survey, 2017). While several 

metro-area organizations and municipalities have implemented air quality, idling, and 

respiratory health-related campaigns (Sustainable America), there are no publicly available 

research results to confirm their reach or effectiveness to the knowledge of the author. 
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In 2018, Denver’s Department of Public Health and Environment (DDPHE) conducted a 

series of anti-idling campaigns to educate Denver families on their idling behaviors. Three 

Denver Public School (DPS) campuses were selected to undergo three weeks of data 

collection and behavior change interventions. In the first week, teams collected baseline data 

during student drop-off time at the schools. During the second week of data collection, 

mobile anti-idling signs were placed on sidewalks in front of the school’s pick-up and drop-

off areas each afternoon. On Thursday of the second week, an anti-idling pledge went home 

with students, educating students and families on their idling behaviors and their connection 

to childhood health. The third week of data collection sought to measure the behavior change 

in response to the anti-idling pledge. The objective of this paper is to analyze data collected 

during the campaign to measure the reduction, if any, in the number of cars and buses that 

idled to determine the effectiveness of DPS’s trial anti-idling campaign in reducing idling 

during the afternoon pick-up. 

 

METHODOLOGY  

Site Description 
Denver’s Department of Public Health and Environment’s 2018 anti-idling campaign took 

place at three elementary schools: Fairview Elementary (School A), Garden Place Academy 

(School B), and Swansea Elementary (School C). Fairview serves over 230 students in Early 

Childhood Education (ECE) through fifth grade. Fairview Elementary School is located in the 

Sun Valley neighborhood, about 500 meters from Interstate 25. Garden Place Academy 

serves over 250 ECE through sixth-grade students. Garden Place is situated in Denver’s 

Globeville neighborhood and is surrounded by Interstate 70 to the north, Interstate 25 to the 

West, and a railyard to the south. Swansea Elementary School has more than 460 ECE to fifth-

grade students in the Elyria Swansea neighborhood. The Globeville and Elyria Swansea area, 

nicknamed GES, houses a Superfund site (DDPHE, 2019) and has been coined “the most 

polluted zip code in the United States” (ATTOM, 2017). 

 

These schools were selected due to their higher than average asthma rates. In 2017, 16 

percent of Fairview Elementary students reported having asthma, and both Garden Place 
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Academy and Swansea Elementary observed 10 percent of their population living with 

asthma. The department also assumed due to the age of the students, elementary schools in 

the District tend to have high parental involvement in after school pick-up. 

Data Collection 
DDPHE tasked volunteers with visiting these elementary schools during the afternoon 

student pick-up to collect idling data. The volunteer pool primarily consisted of City and 

County of Denver employees that were recruited via email.  

 

Data collection ran through April and May of 2018. On April 10th, principals at Fairview, 

Garden Place, and Swansea consented to the study. Depending on volunteer availability, each 

school was monitored two to five times per week. Collection weeks were staggered due to a 

limited number of volunteers, but idling patterns were observed at each school for three 

weeks (Figure 1). Fairview Elementary School’s testing began the week of April 16th, 2018 

and ran through the week of May 5th. Garden Place Academy’s data collection ran from the 

week of April 23rd through the week of May 5th. Swansea Elementary School’s testing period 

lasted from the week of April 16th through the week of May 5th.  

 

During the first week of observations at each school, baseline idling data were collected for 

cars and buses that were idling around the school campus. No intervention methods were 

taken during this period. During the second week of observation at the schools, temporary 

anti-idling signs (Figure 2) were placed along major pick-up corridors to communicate to 

parents that idling is not permitted while dropping off and picking up children. The third 

week of observations began after an anti-idling pledge was sent home in the students’ 

‘Thursday-folders’. Temporary idling signs were not placed at schools during the third week 

(Appendix 1). The pledge was delivered in both English and Spanish, and parents were 

encouraged to sign the commitment and reduce idling during pick-up and drop-off. 
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Figure 1. Anti-idling intervention timeline. 
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Figure 2. Temporary anti-idling signs at Fairview Elementary School. 

 
Source: DDPHE, 2018. 

 

Paper observation sheets (Appendix 2) and clipboards were used by volunteers to collect 

idling data. These observation sheets were used to log location data, including the school 

name and the road(s) that were being observed. Date and data collection start and end times 

were recorded. The observation sheet also incorporated weather data, including 

temperature, cloud cover, and precipitation. To prevent duplication of data, the last three 

digits of a car’s license plate, make, model, and color were recorded. For school buses, just 

the bus number was recorded. All cars that had a passenger inside were assumed to be 

waiting to pick-up a child from the school and were noted. If a vehicle was idling, their start 

and end time were collected. 

 

Two or more volunteers would arrive at the school at least ten minutes before the afternoon 

bell to begin observations and would stay for about 20 minutes after the bell. Start and end 

observations were recorded on the data collection sheet. During the second week of 

research, volunteers were also tasked with placing and removing the temporary anti-idling 

signs and the beginning and end of each observation. Volunteers divided up and observed 

different roads for idling buses and cars. After observations were complete, a single 

volunteer would collect all observation sheets and confirm that necessary information such 
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as date, location, and data-collector name was documented. The observation sheets were 

then turned over to the project manager.  

Data Analysis 
Paper observation sheets were transferred to the researcher, where they were digitally 

transcribed to an Excel workbook and converted into a text file. Data were statistically 

analyzed to test the hypothesis that there is a measurable reduction in the number of cars 

that idled after behavior-change measures were implemented. The analysis compared week 

one and week three of the anti-idling campaign to determine if there is a reduction in the 

average vehicle idling duration as well as the percentage of cars and buses that idled. The 

analysis also compared Fairview Elementary, Garden Place Academy, and Swansea 

Elementary’s average anti-idling durations and percentages. RStudio Cloud alpha was used 

to perform statistical analyses using the programming language R with the base package 

version 3.6.0. 

 

To compare the mean number and percentage of idling cars and buses from week one to 

week three, a two-sample Student’s t-test was conducted. This test was implemented in R 

relating columns WEEK and IDLE using the command t.test. WEEK referred to the week 

observed; the first week (1), second (2), or third (3). IDLE referred to the indication if a 

vehicle was idling. Vehicles observed idling received a Y for yes and an N for no. For analysis 

in R, Y was recoded as 1 and N was recoded as 0. The null hypothesis for this t-test is was the 

mean difference is equal to zero. This assumed that the results of this test will be equal. This 

test also assumed the alternative is a non-zero difference with a confidence interval of 95 

percent, that variance is not equal, and that the two data groups are independent of each 

other. A two-sample t-test was also used to compare mean idling duration during week one 

and week three of the study. The same assumptions were used to compare WEEK and TIME. 

TIME indicates how long a vehicle was observed idling. Time was recorded in minutes. A 

two-sided sample test wass used to remove any assumption that the mean idling percentage 

or time is less in week three than in week one.  
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To compare the idling percentages and times among the three schools, an analysis of 

variance (ANOVA) was performed using the command aov in RStudio Cloud to relate the 

columns IDLE and SCHOOL. The ANOVA tests estimated statistical significance between the 

means. Using the outcomes of the ANOVA test, the command TukeyHSD was used to run 

Tukey's Honestly Significantly Different (HSD) Test. The Tukey’s HSD compared all pairs of 

means for a more detailed comparison of all three schools. 

 

RESULTS 

Vehicle idling duration results 
On average, the number of cars and buses that idled at each test school decreased from week 

1 to week 3 (Table 1). During the baseline data collection week, an average of 77 minutes of 

idling duration was recorded. By the third week, there was an average reduction of almost 

25 minutes. In the first week, Swansea Elementary had the greatest idling duration, with cars 

spending a total mean time of 96 minutes idling per day. Unlike Fairview and Swansea, 

Garden Place’s average idling duration, however, increased by 23 percent. 

Table 1. Daily average vehicle idling duration results (in minutes). 
  Fairview Garden 

Place 
Swansea Total Average 

Week 1- Average 
vehicle idling duration 

68.2 67.5 96 232 77.2 

Week 3- Average 
vehicle idling duration 

39.3 80.3 38.5 158 52.7 

 

There is a statistically significant difference between the Swansea and Fairview for time 

vehicles spent idling at each school (Table 2).  
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Table 2. Tukey HSD test comparing vehicle idling duration over test period at each test 
school. 

aov=formula (TIME ~ SCHOOL) 
                                                   Difference    LCI        UCI       p-value 
Garden Place- Fairview     -0.525          -1.43      0.38      0.361 
Swansea- Fairview             -1.36             -2.35    -0.366   0.004 
Swansea- Garden Place     -0.833          -1.8        0.14      0.108 
 
LCI= lower confidence interval 
UCI= upper confidence interval 

Percentage of idling vehicle results 
All three schools saw a reduction in the percentage of cars and buses that idled (Table 3). 

During the first week of observations, 47.6 percent of vehicles idled. By the third week, there 

was a documented 17.5 percent reduction (47.6 to 30.1 percent). 

Table 3. Average daily percentage of vehicles that idled.   

  Fairview 
Garden 
Place Swansea Average 

Week 1- Average Percentage 
of Idling Vehicles 43.8% 45% 54% 47.6% 

Week 3- Average Percentage 
of Vehicles Idling 39.8% 18% 32.5% 30.08% 

 

Quantity of idling vehicle results 
Due to the small p-value (2.2e-16) of the t-test comparing the quantity of idling vehicles, 

there was a small but statistically significant difference between idling vehicles in week 1 

and week 3.  Overall the number idling reduced by 1.31 vehicles. (Table 4). Swansea 

Elementary observed an increase in the number of vehicles that idled (from 13 to 15 

vehicles).  
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Table 4. Quantity of daily vehicles that idled. 

  Fairview 
Garden 
Place Swansea Total Average 

Week 1- Average 
Number of Idling 
Vehicles 

11 9 13 33 11 

Week 3- Average 
Number of Idling 
Vehicles 

7 7 15 29 10 

 

For the vehicles that did idle, there is a noticeable reduction in outliers as there was a 

reduction in vehicles that idled for long periods of time (25 or more minutes) (Figure 3). 

Figure 3. Idling durations in minutes per week among vehicles that idled per school. 

 
Note: A = Fairview, B = Garden, C = Swansea. 

 

The Tukey HSD tests determined that there is not a statistically significant difference 

between the number of cars and buses that idled at Swansea and Fairview or Swansea and 
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Garden Place but there is a measurable difference between Garden Place and Fairview (Table 

5).  

Table 5. Tukey HSD test comparing the number of idling vehicles over the test period at 
each test school. 

aov(formula = IDLE ~ SCHOOL) 
 
                                                 Difference    LCI          UCI         p-value 
Garden Place- Fairview    0.158             0.070     0.246     0.001 
Swansea- Fairview             0.09             -0.001      0.181     0.054 
Swansea- Garden Place   -0.068           -0.16        0.022     0.181 
 
LCI= lower confidence interval 
UCI= upper confidence interval 

 
DISCUSSION 
The results of this study support the hypothesis that vehicle idling was reduced as a result 

of anti-idling education. The number of vehicles that idled, the percentage of vehicles that 

idled and idling duration were reduced. However, because the number of vehicles that pick-

up students every afternoon varies, the number of idling vehicles is not representative of the 

effectiveness of an anti-idling campaign. The largest change in observations was in the 

reduction of idling durations among vehicles that idled. 

 

Swansea Elementary School demonstrated the greatest quantity of idling vehicles, the 

percentage of idling vehicles, and overall time spent idling. Swansea has a larger population 

than the other test schools (100 or more students), which may contribute to the higher 

number of vehicles and idling duration. Weather should also be factored into the results of 

this study.  The average recorded temperature during observations at Garden Place Academy 

increased approximately 15 degrees Fahrenheit from the first to the last week. Garden Place 

observed an increase in idling duration during this time. An increase in temperature could 

encourage more drivers to run their air conditioning while waiting in the car.  

 

Several have identified a connection between vehicle idling at schools and air pollution. A 

study in Cobb County, GA utilized a Global Positioning System (GPS)-based idling detection 
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system in their school buses to track idling (Xu et al., 2013). School bus drivers would be 

notified if they were idling by email, call or text. Reports were also sent to fleet management 

administrators. As a result of these alerts and reports, idling duration per bus per day was 

reduced by 33 percent. Because these buses moved from school to school, Xu et al. utilized 

the Environmental Protection Agency’s Motor Vehicle Emission Simulator (MOVES) model 

to estimate emissions. The MOVES model estimated that throughout the study, 0.025 tons of 

PM2.5 emissions were reduced. Unlike the study with DPS where parents and guardians were 

engaged indirectly (through signage and pledge forms), Cobb County interacted directly with 

bus drivers to measure idling, which drove their statistically significant reduction. Individual 

contact may have contributed to a larger reduction in idling duration (33 percent compared 

to a 24.5 percent reduction in vehicles at DPS schools). Long-term enforcement will need to 

be in place to ensure a long-term change in idling behaviors.  

 

A study in Chiayi City, Taiwan measured PM2.5 concentrations around a school site before 

and after idling restrictions. Lee et al. measured particle pollution around the campus but 

did not record the number of vehicles in their sample area. The study measured PM2.5 mass 

and PM0.1 number concentrations for four hours each day, two during morning rush hour 

and two during afternoon rush hour. They utilized two stationary monitoring sites and a 

mobile sensor at an elementary school campus. After baseline levels were measured, two 

inspectors monitored vehicles during the second round of sampling to confirm vehicle 

engines were off. It was determined that mobile sources contributed most of the PM2.5 and 

it was reduced around the school campus after idling was restricted. Exposure to 

atmospheric PM2.5 levels fell from 54 percent to 45 percent. Unlike the interventions at 

participating DPS schools, which encouraged individuals to turn off their car’s engines, the 

study in Chiayi City did not incorporate education into their enforcement and instead made 

it mandatory for vehicles to turn off their engines in the drop-off and pick-up area. 

Consequently, the school site may not see long-term benefits of reduced particle pollution 

that they may have seen from the addition of an educational component. Because the 

PM2.5 concentrations after idling restrictions still exceed the World Health Organization 

(WHO) 24-hour mean guideline of 25 μg/m3 , more studies are needed to understand if 

enforcing idling restrictions an effective way to control emissions surrounding a school.  
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In Harlem, NY, a study looked at pollution from idling and passing vehicles at several schools 

along a road corridor. Richmond-Bryant et al. monitored  PM2.5 and BC concentrations using 

stationary monitoring stations over several hours during afternoon pickup. This study 

positioned a sampling cart where most children gather for after school pick-up and collected 

data at a minute resolution. Like the DPS anti-idling campaign, this NYC study also used 

visual observations to identify passing vehicles and recorded idle start and stop time. 

Dissimilarly from the DPS data collection, Richmond-Bryant et al. also recorded vehicles 

stopped at red lights within the study area. This study also differentiated between diesel and 

gasoline vehicles. While they found that idling from cars was not a statistically significant 

contributor to these pollutants, passing trucks and buses did statistically significantly impact 

PM2.5 and BC concentrations. Idling cars only contributed to 2.93 percent of traffic-related 

variability. School buses accounted for 99.6 percent of idling diesel vehicles observed. School 

buses had a statistically significant impact on localized BC concentrations. These results, as 

well as the lack of change in bus idling observed at participating DPS sites, support the need 

for educational initiatives directed at school bus drivers. Unlike the DPS or Chiayi studies, 

local air pollution along the corridor in Harlem was influenced by a street canyon effect 

caused by tall buildings. Street canyons can trap traffic-related pollutants and could allow 

for increased concentrations.  

 

In 2010, an additional study was conducted by researchers in association with the Cincinnati 

Anti-Idling Campaign (CAIC). Eghbalnia et al. monitored air pollution at four Cincinnati 

Public Schools for five days before and after idling interventions were conducted. This study 

monitored PM2.5, EC, and PNC. Like the DPS-selected schools, the four schools selected for 

this study were chosen due to their high asthma prevalence. Air monitoring sites were 

installed at each school as well as at a nearby background site. During the first five days of 

data collection PM2.5 levels at school sites exceeded that of their background sites. After 

interventions were implemented, three of the four schools no longer exceeded 

concentrations at their background site. Two schools noticed statistically significant 

reductions in PM2.5 concentrations. Only one school observed a statistically significant 

reduction in EC. Three schools and their background sites recorded a statistically significant 
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reduction in PNC. These results suggest that their anti-idling campaigns were successful in 

reducing local TRAP at their sites.   

 

Another publication by Ryan et al. outlines the details of the 2010 CAIC intervention and its 

impacts. The CAIC indicated a decrease in bus idling due to their direct intervention with 

school bus drivers. All Cincinnati Public School bus drivers viewed an anti-idling video and 

presentation during their training program. Additionally, at the four test schools, parents 

received idling reduction packets and pledges, students participated in “air-quality 

assemblies”, and school staff completed an online video and survey. Both the DPS and CAIC 

campaigns sent home letters and anti-idling pledge forms to parents at participating schools. 

However, the CAIC awarded teachers, students, and parents with incentives for turning in 

their signed pledge forms. The researchers also sent pre- and post-questionnaires to school 

staff and administrators to identify their knowledge of idling impacts and local idling 

policies. Consequently, participants were more likely to answer these questions correctly 

after the educational interventions. Additionally, as a result of the CAIC campaign’s efforts, a 

32 percent reduction in idling was documented. The CAIC was much more hands-on than the 

DPS anti-idling campaign and incorporated multiple stakeholders and incentives which may 

be why they measured a greater reduction in idling than at Denver schools. Both campaigns 

utilized a lot of employee resources to complete. Neither strategy may be cost-effective in 

the long term, and it would not be easy to scale-up to incorporate additional participating 

schools. 

 

Similarly, to the DPS campuses observed, three of the Cincinnati schools were neighborhood 

schools (Ryan et al., 2013). The neighborhood Cincinnati schools had fewer buses (less than 

11) and did not reflect statistically significant changes in PM2.5 and BC concentrations. The 

researchers also noticed that the school that covered a larger geographic area and had many 

more buses than the other test schools. Additionally, the presence of researchers was found 

to influence idling behaviors. Therefore, they believe that school districts with a greater 

number of buses in their fleet may see the greatest impact on PM2.5 concentrations as a result 

of anti-idling campaigns. 
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These studies suggest that anti-idling campaigns and idling enforcement around schools 

contribute to the reduction of local PM2.5 concentrations. They also demonstrate that diesel 

school buses and their drivers are a prime intervention point for anti-idling campaigns and 

reduction of PM2.5 concentrations. At the DPS test schools, parents and guardians were able 

to be influenced by the anti-idling campaign, but it was harder to influence the individual 

behaviors of school bus drivers. School bus drivers may benefit more from a DPS-lead 

initiative, which could include idling education in driver training and a well-enforced policy 

that sets time limitations on allowable idling duration for school buses. The results of this 

study and the diesel school bus-related air pollution studies can be shared with DPS in the 

hopes of influencing a district-wide policy. Additionally, the District could benefit from an 

anti-idling campaign that also monitors PM2.5 concentrations.  

 

All three schools in this study are considered “neighborhood” schools. These schools mostly 

serve students who live within the school’s service area. Many neighborhood schools in the 

district offer limited school bus routes and are in walking or biking distance of student’s 

homes (DPS, 2019). Other schools like Montessori, Choice, or technical schools do not serve 

a particular boundary and may see more cars and school buses during student pick-up and 

drop-off. These schools would likely benefit more greatly from anti-idling campaigns.  

 

All aforementioned studies were conducted during small windows (days or week) and did 

not analyze long-term air quality trends. It would be beneficial for future studies to include 

long-term monitoring to determine how weather (temperature and humidity), wind (speed 

and direction), and individual behaviors change pollution concentrations throughout the 

year.  

  

Other municipalities are leading anti-idling campaigns. East Suffolk Council, UK conducted 

an anti-idling campaign at schools in 2019 and found that when asked,  80 percent of drivers 

were willing to turn off their vehicles (East Suffolk Council, 2019). In the City of Denver, 

where idling policies are not well enforced, individual willingness to change their behaviors 

is instrumental to measurable idling reduction. The State of Maryland’s Idle Free MD 

program offers free resources to discourage idling in communities including flyers, signs, 
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and social media posts (Maryland Department of the Environment, 2019). Maryland joins 

the City of Fort Collins, CO and St Albans, UK among others with free online printable 

materials. The City of Denver and DPS could benefit from free online resources on their air 

quality and transportation pages. Empowering community groups to support their own anti-

idling campaigns is more resource-effective than the volunteer-intense anti-idling campaign 

strategy conducted during the study period. 

 

This study was done to support the call for additional grant funding through the Bloomberg 

Mayors Challenge and therefore came with limitations like resources and time. Data were 

collected on paper by a limited number of volunteers, leading to gaps in data. Volunteers 

observed multiple vehicles at a time and therefore estimated vehicle idling durations. 

Multiple volunteers also recorded observing vehicle occupants turning off their vehicles 

when they noticed volunteers were watching them. Volunteer presence may have been an 

additional, and unintentional, cause of decreased idling. All schools received varying days of 

observations due to inadequate volunteer availability. This led to varying sizes in the data 

sets at each school. 

 

CONCLUSIONS 
This anti-idling program lives on through the Bloomberg Mayors Challenge grant, now 

known as Love My Air Denver. Both Garden Place Academy and Swansea are still participants 

of this program along with a half-dozen DPS schools. The program has expanded to include 

parent and student-led aspects of the campaign, including the design of anti-idling signs by 

art classes (DDPHE, 2019). Future research is planned by the grant to measure the reduction 

in fine particulate matter due to behavioral interventions at schools including anti-idling 

campaigns. Currently, DDPHE is monitoring PM2.5 at ten DPS campuses with plans to expand 

to 40 by 2021 through the Love My Air program. Since the 2018-2019 school year, these 

schools started monitoring PM2.5 concentrations and school nurses started recording 

asthma indicators such as inhaler usage. In the 2019-2020 school year, in addition to 

collecting air quality and health metrics, these schools are opting-in to educational and 

intervention programs. Programs include air quality curriculum, training and materials for 

school nurses, low-emission event plans, and anti-idling campaigns. 
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These programs aim to empower individuals to reduce their contributions to PM2.5 pollution 

in their community as well as to reduce their own exposure. Researchers are currently 

comparing weekly PM2.5 concentrations measured at each school to their aggregated weekly 

asthma indicator data to understand if a correlation between increased PM2.5 concentrations 

and increased asthma indicators at the site exists.  
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Appendix 1: Take-home anti-idling pledge  
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Appendix 2: Data observation sheet 
 


	ABSTRACT
	ABBREVIATIONS & ACRONYMS
	ACKNOWLEDGEMENTS
	INTRODUCTION
	METHODOLOGY
	Site Description
	Data Collection
	Figure 1. Anti-idling intervention timeline.
	Figure 2. Temporary anti-idling signs at Fairview Elementary School.

	Data Analysis

	RESULTS
	Vehicle idling duration results
	Table 1. Daily average vehicle idling duration results (in minutes).
	Table 2. Tukey HSD test comparing vehicle idling duration over test period at each test school.

	Percentage of idling vehicle results
	Table 3. Average daily percentage of vehicles that idled.

	Quantity of idling vehicle results
	Table 4. Quantity of daily vehicles that idled.
	Figure 3. Idling durations in minutes per week among vehicles that idled per school.
	Table 5. Tukey HSD test comparing the number of idling vehicles over the test period at each test school.


	DISCUSSION
	CONCLUSIONS
	REFERENCES CITED
	Appendix 1: Take-home anti-idling pledge
	Appendix 2: Data observation sheet


