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ABSTRACT

This paper seeks to determine the efficacy of California’s Smog Check Program. The Smog
Check Program regulates vehicle emissions by requiring biennial emissions testing. Between 2010
and 2017, California’s fine particulate pollution level average was 22.7% higher than the next
leading state, and 41.7% higher than the national average, leading them to implement and enforce
emissions testing for vehicles to control pollutants (US EPA & US Census Bureau, n.d.). Heightened
smog levels carry significant risk to humans and the environment, making them a major concern
(Romley et al., 2010). In this paper I use Multiple Regression and Synthetic Controls methods to
analyze the trends in vehicular pollutants across California counties with differing levels of
stringency of the Smog Check Program over time. The results of both methods show that there was
not a significant change in vehicle related pollutants between the county that increased its program
stringency to a higher level and the control groups that did not change.

INTRODUCTION

The purpose of this paper is to determine if increasing regulations on vehicle emissions, specifically by
requiring more robust tests, has a significant effect on state-wide air pollution, specifically Nitrogen Dioxide,
Carbon Monoxide, and Ozone. Because regulations and technology are advancing by the day, we would expect
pollution levels to slowly be declining. As a result, I will be measuring for any increase in the relative rate of change
in pollution levels compared to program areas with less stringent regulations. My research will help determine if
increasing restrictions improve air quality.

California is currently home to six of the ten most polluted cities in the United States. Year-round air pollution
in California has been consistently higher than the rest of the country (American Lung Association, n.d.). To combat
pollution, California spend nearly $30 billion between 2012 and 2015, which is approximately $25 billion more than
any of their closest geographic neighbors (US EPA, n.d.)

Air pollution is a considerable environmental and health risk. Between 2005 and 2007, air pollution cost
Californians $193 million in medical expenses and resulted in over 12,000 emergency room visits to treat asthma in
children 17 and under (Romley et al., 2010). Fifty-four percent of California’s CO2 emissions in 2013 could be
attributed to transportation (US EPA, n.d.).

The Smog Check Program, first implemented in 1984, was created to inspect vehicle emissions and control
smog levels across the state (SB 33). The program has undergone multiple amendments seeking to improve the
efficacy of the program by increasing the stringency of vehicle checks by implementing further testing using On
Board Diagnostics (OBDII) technology and enhanced tail pipe testing. For example, the Standardized Testing and
Reporting (STAR) program was implemented on January 1, 2013 to meet these higher standards set by amendment
AB-2289.

LITERATURE REVIEW

Few studies attempt to quantify the effect of the Smog Check program. The state of California’s Bureau of
Automotive Repair (BAR) is required to conduct an annual report of the performance of the program (Bureau of
Automotive Repair, 2019). However, this report only summarizes the percentage of vehicles tested at program
stations that pass or fail inspection without attempting to quantify the effect on air quality. The findings by BAR are
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interesting because they see about 18-20% of vehicles tested on the roadside failing their test. BAR attempts to
understand their findings by suggesting low-performing test stations may have inaccurately passed vehicles that
should have failed. Another factor is possible fraudulent test results, which they are attempting to reduce.

In 2000, a study on the Enhanced level of the Smog Check program found that repairs of vehicles 10 years or
older that fail then pass their inspection showed a significant reduction in local hydrocarbons (HC) and carbon
monoxide (Wenzel et al., 2000). Newer vehicles that were tested and passed their first inspection actually increased
their emissions over the months following inspection by a substantial amount. They also estimate that vehicles
exempt from the Smog Check program, because of their age, account for about 4-8% of on-road emissions.

The latest study conducted to examine the effects of the program was released in 2015 studying the
performance and quality of STAR stations and their local effect on smog levels (Sanders & Sandler, 2015). The
study found that the test and repair of older vehicles improved local air quality, and low quality (less restrictive)
STAR stations showed no significant impact on the local air quality. To this literature, this paper contributes an
alternative analysis of California’s Smog Check Program using regression methods, for complete counties, across
the state to provide a more causal estimate of program efficacy. This analysis provides insight into the large-scale
efficacy of the Smog Check program, going beyond the experimental studies done before on individual stations.

DATA

The data for this paper are all publicly available from government sources and cover the years 2000-2018. Air
quality data was gathered from the EPA (US EPA, 2016), Population estimates were taken from the California
Department of Finance (Department of Finance, n.d.), Program level information was estimated from California’s
Bureau of Automotive Repair, and Area data was taken from the California State Association of Counties
(California State Association of Counties, 2014). The California BAR also granted my request for program level
information at the ZIP code level, which I then aggregated up to the county level for this project. This formed a
panel set of data segmented by county and comprised of 974 observations across 55 counties. Of these 55 counties,
only San Francisco county to change all ZIP codes from Basic level to Enhanced.

There are limitations, despite the amount of reliable governmental data. Some important variables such as
vehicles on the road and travel time are omitted due to the lack of available data for all necessary periods in the
study.

Key Measures
The key dependent variables I will consider are:

e (CO 2nd Max 1-hr - a measure of the 2nd highest carbon monoxide level in a county during the year in parts
per million (ppm)

e NO2 Mean 1-hr - a measure of the annual mean nitrogen dioxide level in a county in parts per billion (ppb)

e  Ozone 2nd Max 1-hr - a measure of the 2nd highest ozone level in a county during the year in parts per
million (ppm)

These are chosen due to the availability and completeness of data, as well as because of their negative health
effects.

My primary independent variable in each regression will be the "Program" variable, a categorical variable
representing the level of a program in the county in a given year. The variable is measured on three levels:

e CoO - Change of Ownership counties that only require an emissions check when a vehicle is sold. Areas
with these policies are generally more rural and less polluted initially.

e Basic - A general level of the program that checks emissions every two years after registration. Initial
pollution levels are marginal in these counties.

e Enhanced - A strict level combining CoO and Basic with further testing at STAR stations with higher
standards. These counties have higher than average initial levels of Ozone and Carbon Monoxide.
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Because some counties have many different ZIP codes of different program levels and for simplicity's sake, the
majority program level is used. There also exists a “Partial” program level that is considered Enhanced in this paper
as it contains many properties of the Enhanced program level.

Changes to the program levels in some ZIP codes led to interesting findings about how the program levels were
handled and made this project easier to interpret. ZIP codes in a Change of Ownership (CoQO) program level never
increased or eliminated their level of the program, meaning that their restrictions did not change over the course of
this study. Similarly, Enhanced program levels did not decrease or eliminate their program level over the course of
this study. Only program areas originally in the Basic program level increased their program level to Enhanced or
Partial, and never decreased or removed their program level over the course of this study.

IDENTIFICATION STRATEGY

I use a Generalized Difference-in-Differences (DD) to compare counties who increased their program level
from a less stringent one to more stringent to those that do not change. Thirteen counties increased their program
level between the years 2001 and 2003. All counties that increased their program level started in a Basic program
area and changed to an Enhanced level.

I use multiple regression to estimate the effect of increasing the Smog Check program level on three forms of
pollution (CO, NO2, O3). I use a Difference-in-Differences approach to estimate any increase or decrease in air
pollution levels in counties that change their program level relative to counties that do not. This will help determine
if implementing stricter emissions testing has a causal relationship with the reduction of air pollution.

The general equation to be estimated takes the following form:
In(y;;) = Bo + B1Program; x Post, + @; + 1, + &

A semi-log (log-lin) form is used as it is not logical for these particles to be completely eliminated from the
atmosphere. County fixed effect controls include factors such as Population, Area, and whether a county is near a
Coast or not. These are included because they can have a significant impact on pollution levels. As population
increases, we would expect pollution to rise due to a greater number of sources. The ocean along coastal counties
can absorb some of the air pollutants, which would reduce the number of particles left in the atmosphere.

The DD approach requires strong assumptions about parallel trends in pollutants, and, although policies are
constrained by geopolitical boundaries, air is mobile. So, I also use an alternative approach that aims to estimate
program impact for San Francisco county only. It is a large county by population and an important county for air
quality. In the 2010 census year, San Francisco contained nearly 805,000 people in about 47 square miles. I used a
Synthetic Controls method (Abadie et al., 2010) to build a control county that mimics the properties of San
Francisco. To do this, I sampled from other counties in California that were in a Basic program level and weighted
them to create a synthetic control county as the synthetic counterfactual San Francisco. The synthetic San Francisco
meets the parallel trends assumption by construction.

RESULTS
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Dependent variable:

Tog("co 2nd Max 1-hr™) Tog( 0Ozone 2nd Max 1-hr’) Tog("NO2 Mean 1-hr7)

(L (2) (3

Pgrm_change -0.045 0.033~ 0.050

(0.088) (0.018) (0.034)
Constant 1.733%%% -2.639%%% 2.716%%*

(0.210) (0.045) (0.080)
Observations 546 921 634
R2 0.704 0.879 0.932
Adjusted R2 0.668 0.869 0.925
Residual std. Error 0.352 (df = 486) 0.084 (df = 850) 0.139 (df = 577)
F Statistic 19.606%** (df = 59; 486) 87.907*** (df = 70; 850) 140.464#%** (df = 56; 577)

Note: *p<0.1; **p<0.05; ***p<0.01

Figure 1. R regression output for model outlined earlier.

In Figure 1, all three dependent variables are included in their own column. The “Prgm_Change” variable is the
Difference-in-Differences term of interest. Other explanatory variables have been omitted for the sake of brevity and
readability.

A change in program level is associated with -4.5, 3.3, and 5.0 percent change in county wide CO, O3, NO2
respectively, holding population, area, and coastal location constant and adjusting for non-parametric trends using
year fixed effects. However, only the estimated impact on ozone levels is significant within 90 percent confidence.
There is not enough evidence to support the hypothesis that an increase to Smog Check regulations will reduce air
pollution.

Synthetic Controls Results

My Synthetic Controls method provided similar results to the multiple regression models above. The Ozone
estimates were the only ones to be consistently below the synthetic control group in both periods, meaning that this
model is not good fit for this outcome. Because the Carbon Monoxide and Nitrogen Dioxide estimates varied, they
are not significant enough to support the hypothesis.
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Figures 2-4. Shows Synthetic Controls results graphically for the three dependent variables. Figure 2 (top left)
shows results for NO2, Figure 3 (top right) shows results for O3, and Figure 4 (bottom) shows results for CO.

Trends in the pre-period of the Synthetic Controls, see figures 2 through 4, indicate that this method is not a
good fit for this outcome. Overall, the two analyses do not provide compelling evidence of a reduction in pollution
due to the Smog Check program.

CONCLUSION

The methods used in this study were more likely to provide causal estimates of program efficacy, but no
significant reduction was notable. Limitations from a lack of station quality data and travel data may have
contributed to the lack of significance in these estimates. Assumptions as to when exactly programs changed also
had to be made when aggregating ZIP code data that may have impacted the results.

The results of this study were not as expected given the findings of other authors on this subject. Despite other
studies finding mixed results on how effective the Smog Check program has been, the consensus is that the program
has have a positive effect on reducing air pollution. Factors such a low-quality testing stations seemed to be a
primary concern for the lack of pollution reduction in some areas, as well as a possibility for testing fraud that would
leave high polluting vehicles on the road (Bureau of Automotive Repair, 2019).

The Smog Check program should not be eliminated or rolled back due to these findings, but instead careful
consideration should be given when evaluating an increase to testing requirements.
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