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Abstract

Environmental regulation seeks to limit pollution through strict emissions thresholds for ex-
isting cars, yet it remains unclear how frequently inspectors enforce these regulations and what
impact test manipulation has on policy efficacy. We demonstrate (1) that there is a distinct dis-
continuous drop in the distribution of emissions results at the regulatory threshold (2) that when
the state tightens emissions standards, over 50% of the vehicles newly at risk for failure now pass
instantaneously after the regulation changes. These improvements cannot be explained by legit-
imate repairs but are consistent with facilities exploiting procedural discretion in order to help
consumers evade the strengthened regulations.
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I. Introduction

Vehicle emissions are one of the most important determinants of environmental 
quality worldwide, accounting for over half of carbon monoxide emissions, 29% 
of hydrocarbon emissions, and 10% of total suspended particulate emissions in the 
United States (Ernst et al. 2003; Currie and Walker 2011). The severity of these 
externalities makes government regulation necessary for optimally limiting mobile 
source emissions. While one effective regulation is to control emissions levels in 
new cars, governments must also inspect older cars to ensure that deterioration 
does not generate excessive pollution.1 This regulatory testing of used cars typi-
cally employs strict emissions thresholds to assign a passing or failing status to a 
vehicle. Under strict application of the regulation, all vehicles emitting particulate 
levels above the threshold for that pollutant would be repaired or decommissioned. 
When the government desired a lower level of pollution, it could simply lower the 
thresholds. Marginal vehicles that had barely passed prior to the threshold decrease 
would then fail the emissions inspection and either be repaired or be replaced by 
cleaner vehicles. This marginal change in emissions thresholds would thereby im-
prove air quality. 

In a world with precise regulatory enforcement, the marginal benefit of such a 
policy change would be easily predictable. Yet agency concerns pervasive in the 
regulatory apparatus suggest otherwise. In the United States, most states delegate 
emissions inspections to private sector facilities.2 The historical debate on privati-
zation has largely revolved around trade-offs between the operational efficiency of 
the private sector and the reduced incentives for fraud in the public sector (Lazare 
1980; Voas and Shelley 1995). Private inspection facilities are responsible for test-
ing vehicles to ensure they are below the emissions thresholds and for reporting 
those vehicles that are not. Inspectors at these facilities have considerable discre-
tion in what constitutes a fair test. In order to avoid reporting inaccurate results, 
they are allowed to stop or repeat any test they feel does not accurately represent 
the vehicle’s true emissions. While this discretion may avoid some false positive 
results, it also provides considerable opportunity for moral hazard on the part of the 
expert agent. This moral hazard could produce behavior of questionable legality, 
as when an inspector repeatedly tests a marginal vehicle until it finally appears to 

1Davis (2008) and Currie and Walker (2011) show that other policies, namely driving restrictions 
and E-ZPass, can also reduce total emissions and improve health.

2A survey of state websites found that 27 states outsource inspection to multiple licensed private 
firms, 11 use state-run facilities, one uses both state-run and private facilities, and one uses a li-
censed private monopoly.
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be passing. It may also produce outright fraud, as when the inspector substitutes a 
cleaner vehicle in the test or diverts exhaust away from the testing equipment.3 

There is ample anecdotal (Lambert 2000; States News Service 2010) and aca-
demic (Hubbard 1998, 2002; Pierce and Snyder 2008; Oliva 2012) evidence sug-
gesting that private sector inspectors fraudulently pass vehicles that should fail in 
exchange for bribes or implicit promises of future business. While existing studies 
estimate average levels of emissions testing fraud, we take a marginal approach by 
examining only those vehicles which tightened emissions standards have put newly 
at risk of failing. More specifically, our paper examines how severely these agency 
concerns undermine the ability of a state government to decrease pollution by tight-
ening emissions standards. Understanding this impact is critical for policy because 
it helps us to predict the marginal effect of inspector discretion on future policy 
changes in mobile emissions standards, rather than estimating the average effects, 
as has been done in previous work. Our work further contributes to research on the 
gaming and efficiency of “notched” policies (Blinder and Rosen 1985; Sallee and 
Slemrod 2010) and to the growing field of forensic economics (Zitzewitz 2012). 

Using data from private emissions facilities in New York State, we examine the 
impact of the agency problem on the state’s implementation of stricter emission 
standards in 2003. A key dilemma in uncovering the extent of this manipulation 
is that it is intentionally kept secret. Although it is difficult to determine if any in-
dividual test is fraudulent, the distribution of all test results can offer evidence of 
systematic manipulation. We focus on each vehicle’s first test of each year, since 
the first test is when the inspector can first observe the failing condition of a vehicle 
prior to diagnosis and repair. Absent manipulation, one would expect the distribu-
tion of these initial emissions test scores to be continuous throughout the domain of 
possible scores. In fact, we find sharp discontinuities at the regulatory thresholds.4  
It looks as if many vehicles which would have had to be repaired in order to pass 
have simply disappeared.

 We investigate what happens to these missing vehicles by studying how the 
distribution of initial test scores changes when the regulation becomes more strin-
gent. We find that when the stringency of the regulation is tightened for two of the 
pollutants (hydrocarbons and nitrogen oxide), for approximately 50% of the ve-
hicles that would have passed the old test but are now at risk of failing the new one, 
test results have somehow shifted to the passing range. The observed distributions 
are consistent with inspectors illegally helping these vehicles pass.

3We note that while the emissions testing facility is not defrauding the customer, it is nevertheless 
engaging in fraud in the same way that financial auditors do when validating false financial state-
ments for their clients.

4For other uses of regression discontinuity in forensic economics, see Duggan and Levitt (2002), 
Wolfers (2006), Snyder (2010, 2012), and Forbes et al. (2011).
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An alternative explanation is that, in response to the new regulation, vehicles 
newly at risk are preemptively repaired prior to their first test. Our results cast 
doubt on this hypothesis by demonstrating a dramatic shift of vehicles from above 
to below the new threshold immediately after the policy change. We observe this 
large shift in tests occurring within a day and even within several hours of the 
policy shift. If these vehicles were being preemptively repaired, we would expect 
a more gradual change in the test results, taking into account the time needed to 
schedule and carry out repairs. Furthermore, there is little incentive for the owner to 
request legitimate preemptive repairs, since a second test following the repair of a 
car that has failed is free. This evidence casts considerable doubt on the alternative 
hypothesis of preemptive repair and suggests, instead, that a substantial number of 
vehicles pass as a result of inspectors abusing their discretion in direct response to 
the increase in regulatory stringency. 

Finally, we find no evidence that owners of automobiles newly at risk game the 
policy changes by having their cars inspected right before the change. We find that 
older vehicles—those more likely to fail the new threshold—were no more likely 
than newer cars to be inspected in the days leading up to the policy change.

This paper proceeds as follows: Section II describes the market for emissions 
testing; Section III describes our data; Section IV provides our methodology and 
results; Section V concludes.

II. The market for emissions testing

The federal Environmental Protection Agency (EPA) mandates that those states 
with serious air pollution problems must institute vehicle emissions programs, yet 
leaves the implementation of these programs to those state governments. Some 
states directly test vehicles at state-owned facilities, but many outsource some or 
all testing to licensed privately owned firms. Emissions inspectors working at these 
private facilities are legally required to follow strict testing procedures, but there 
is still ample opportunity to cheat. First, the procedures themselves allow for some 
discretion in how the tests are conducted. Second, the dynamometer-based tailpipe 
testing common in many regions allows skilled mechanics to make temporary ad-
justments that allow almost any vehicle with excess emissions to pass an emissions 
test without addressing the underlying causes of the excess pollution. Third, even 
the most polluting cars can be certified clean when inspectors simply substitute 
other cars during the test. Evidence from Hubbard’s (1998) study of California in-
spections suggests that such fraud is quite common, while a 2001 covert audit pro-
gram in Salt Lake City, Utah found nearly 10% of the facilities overtly testing one 
car in place of another (Groark 2002). Massachusetts found that vehicles retested 
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by the state had substantially higher levels of emissions than had been reported by 
the testing facilities.5 

In our focal state, a driver registering a vehicle weighing less than 8,500 pounds 
and newer than 1981 must have it tested for hydrocarbons (HC), carbon monox-
ide (CO), and nitrogen oxide (NOx), choosing any licensed facility to conduct the 
test.  In order to pass, the vehicle’s emission score for each of these pollutants must 
fall below a given threshold. Two measurements are taken for each pollutant: one 
covering the full four-minute dynamometer test and one covering only the last 150 
seconds of the test. As long as the vehicle passes one of these measures, it passes 
that part of the test. If a vehicle were to fail the four-minute hydrocarbons test, for 
example, but at least pass the 150-second test, it would be given a passing score on 
hydrocarbons. The only way to fail is to fail both of these tests.6 We represent these 
pass criteria in Figure 1.

While many areas in the United States now test post-1996 model cars using 
OBDII, an on-board diagnostic system, the less accurate and more easily manipu-
lated tailpipe testing with a dynanometer is still used in much of the world, includ-
ing much of the United States.7 Since vehicles made prior to 1996 generate con-

5This report, published by the Massachusetts Office of the Inspector General, can be found at http://
www.mass.gov/ig/publ/emissrpt.pdf.

6These two measures are highly correlated, although the four-minute tests are easier to pass and 
thus tend to be the binding constraints for a passing result.

7Thirty-four states still use tailpipe testing, although most tailpipe tests are now restricted to pre-
1996 vehicles, many of which are the worst polluters in operation.

Figure 1: Passing an emissions inspection

Pass four-minute 
or final-150-second 
hydrocarbons test

Pass four-minute 
or final-150-second 
nitrous oxide test

Pass four-minute or 
final-150-second car-
bon monoxide test

and and

Pass Test
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siderable mobile source pollution, dynamometer testing is still a critical means for 
providing environmental regulation even in states with OBDII testing. 

A licensed inspector conducting a dynamometer test follows a state-prescribed 
sequence that measures emissions output at different engine loads (revolutions 
per minute). The inspector is allowed two tests to pass a vehicle, with the second 
chance designed to account for margin of error in test results and for the possibility 
that the engine was not properly warmed up prior to testing.8 Inspectors strictly fol-
lowing protocol would conduct the first test, the results of which would be provided 
to the state via electronic transmission. If the car passes, it is issued an inspection 
sticker and is then legal for registration.  If the car fails the first test, the inspector 
can choose to run a second test.  Cars passing the second test are issued stickers and 
can legally register.  

Cars that fail the second test must be repaired before registration, with repairs 
reported to the state prior to the vehicle being retested at the customer’s choice of 
facility. Repairs may involve simple (but time-intensive) engine seal replacement 
or more expensive catalytic converter replacement.  These repairs often result in a 
vehicle passing its retest, since they correct the fundamental mechanical problem 
causing excessive pollutants. In some cases, however, the car will continue to fail, 
because either the mechanical problems are too extensive to fix or the repairs are 
too expensive for the customer to afford.  Consequently, if the vehicle has received 
over $450 in repairs, the owner is allowed a one-year exemption from the Depart-
ment of Motor Vehicles (DMV).  The facility must retain receipts for these repairs 
on-site in case of a DMV audit. The facility could potentially write fraudulent re-
ceipts, but the risk of more serious tax fraud penalties makes this behavior unlikely. 
If a vehicle has already received a one-year exemption and still cannot pass, the 
owner can either junk it or resell it to a region with less stringent emissions require-
ments.9

The loophole in this sequence is that the inspector is allowed to abort the first 
test twice, just in case he or she fails to follow the designated RPM trace or the 
testing machine malfunctions, both of which are unusual events.  Aborted tests do 
not have to be reported to the state. So while this option may keep a few cars from 
failing unfairly, it also makes it easy for inspectors to avoid failing a vehicle. They 
are warned that a car is likely to fail—and how near it is to the threshold—before 
they have to report any results to the state.10  

8Catalytic converters are ineffective at low temperatures.
9This option has interesting implications for the market for heavy-emitting vehicles.  Davis and 

Kahn (2008), for instance, show that NAFTA caused many high-emissions vehicles to move to 
Mexico, where they replaced cars with even worse emissions.

10In some cases, the inspector might not even need pretesting to predict failure, in which case he or 
she could illegally alter the car before starting the test.
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An inspector willing to fraudulently pass vehicles can stop the test and make 
temporary adjustments to change the results. The inspector may use fuel additives, 
adjust the tailpipe probe, or divert exhaust before it reaches the tailpipe. Even more 
nefariously, he or she may use a technique called “clean-piping,” conducting the 
official test on another car known to be clean.11 In theory, a mechanically inclined 
customer could make some of these adjustments before coming in for the inspec-
tion, but since inspectors are required to check for such tampering, it is difficult for 
customers to cheat without the complicity of the mechanic.

An inspector intending to help a gross polluter pass could just let the vehicle 
fail the first test, then run a second test after making illegal adjustments. Yet this is 
risky, as the state might well take note of such different test results without any re-
ported repairs to account for them. It is much easier and less risky for the inspector 
to simply abort the first test, make the illegal adjustments, and report the fraudulent 
passing results as the first test. 

Inspectors have strong incentives to do things like this. Hubbard (2002) found 
that customers are more likely to return to inspection stations that have passed 
them. Firms in the emissions testing market tend to profit from passing older cars, 
in particular, as this ensures that cars most likely to need future repairs will remain 
on the road. Customers whose cars fail emissions tests are likely either to retest the 
vehicle at another facility12 or to buy new or newer cars that need little if any repair 
work. In testimony to the power of these incentives, the California Bureau of Auto-
motive Repair noted that “it appears, based on BAR enforcement cases, that some 
stations improperly pass vehicles to garner more consumer loyalty for delivering 
to consumers what they want: a passing Smog Check result” (California Bureau of 
Automotive Repair 2011, p. 22). 

In contrast, the incentives to fail a vehicle are weak, even for facilities that 
might retain the customer for immediate repair work. Emissions repair bills are 
limited to the $450 necessary to receive a one-year waiver, which is much less than 
the annual service and repair bill the facility could charge in subsequent years. Ed-
munds.com estimates the annual service and repair costs of a five-year-old Chev-
rolet TrailBlazer, for example, at $2,089, with older vehicles having even higher 
annual revenue potential. 

There is a clear cost to society of allowing polluting cars to pass emissions tests: 
significantly greater air pollution in urban areas.  The three tested pollutants—CO, 
HC, and NOx—all have proven health consequences.   Carbon monoxide, an odor-

11The use of clean-piping is further discussed in Hubbard (1998) and Oliva (2012) and has been 
confirmed anecdotally.  

12This is similar to the “audit shopping” studied in the accounting literature (e.g., Davidson et al. 
2006). Bennett et al. (2013) find that a higher number of proximate emissions facilities increases 
both a facility’s pass rate and car owners’ switching behaviors.
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less poisonous gas, inhibits the transport of oxygen from blood into tissues and 
can cause general difficulties in the cardiovascular and neural systems (Utell et al. 
1994).  HC and NOx, when combined in the presence of sunlight, form ground-
level ozone that can aggravate respiratory problems, especially in children, and 
may cause permanent lung damage (Utell et al. 1994). A 10-year study of children, 
conducted by the University of Southern California, linked air pollution to higher 
school absenteeism due to respiratory problems, reduced lung function growth, and 
asthma (Gauderman et. al 2002). Health costs from vehicle emissions were esti-
mated to be between $29 billion and $530 billion in 2001 in the United States (U.S. 
Environmental Protection Agency 2001).

III. Data

Our dataset comes from the New York Department of Environmental Conservation. 
In New York, emissions testing is conducted by licensed private firms. We use ve-
hicle inspections conducted on gasoline-powered vehicles in downstate New York13 
under 8,500 pounds just before and after the state implemented a policy change 
on April 1, 2003 that lowered the threshold for two of the measured pollutants. 
We segment our sample by vehicle model years because the policy decreased the 
threshold most severely for vehicles with model years between 1983 and 1990, less 
so for vehicles manufactured between 1991 and 1995, and not at all for vehicles 
manufactured in 1996 or afterward. Furthermore, we limit our sample to vehicles 
tested three months before and after the policy shift.14 

Our data include vehicles owned by individuals, corporations, fleets, and govern-
ment agencies, although we are unable to directly observe vehicle ownership. The 
data collected during inspections include inspection date, inspection time, vehicle 
identification number (VIN), facility identifier, inspector identifier, and inspection 
results. These data allowed us to uniquely identify vehicles, including characteris-
tics such as make, model, year, and odometer reading. The detailed information on 
the time and location of an inspection and on the vehicle’s characteristics allows us 
to control for most predictors of vehicle deterioration and likely emissions. 

13There are different regulations for vehicles in upstate New York.
14Our results do not change if we alter the window size. We also present results for a two-week 

window.
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IV. Empirical methods and results

To establish evidence of discretionary passing by repair stations, we first examine 
the entire distribution of emissions results for vehicles tested by the state in 2003.  
The inspection generates six measures: the amount of HC, NOx, and CO pollut-
ants for both four-minute and 150-second components of the test. A bright-line rule 
determines whether the vehicle has passed or failed each component of the test. If 
a measure is below a threshold designated by the state, it passes that component of 
the test; otherwise, it fails. 

We exploit a policy change in April 2003 that lowered the threshold such that 
many cars that had passed in the previous year would not meet the new criteria. 
This policy change was an attempt by the state to reduce overall vehicle emissions 
and airborne particulates by requiring vehicles that had barely passed emissions 
tests in the previous years to be repaired or replaced. This policy change defines 
cars into three categories: never pass, pre-pass, and always pass. Never pass ve-
hicles failed under both the old and new policies, pre-pass cars passed only under 
the old policy, and always pass vehicles passed under both policy regimes. Table 
1 provides summary statistics on all tests within three months before and after the 
policy shift, separating the tests into our three model-year samples (1983-1990, 
1991-1995, and 1996-2002). Based on observable vehicle characteristics, there ap-
pears to be little difference in the vehicles brought in before and after the change in 
threshold, a point we will focus on later in our identification.

Table 1A: Summary statistics for model-years 1983-1990

Variable Observations Mean Observations Mean
Result 94,945 .853 117,857 .791
Always pass 94,945 .708 117,857 .791
Pre-pass 94,945 .145 117,857 .059
Never pass 94,945 .147 117,857 .150
Odometer 94,945 114,393 117,857 111,267
Model-year 94,945 1988.128 117,857 1988.097

Time period: Three months 
after policy change

Time period: Three months 
before policy change
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In Figures 2a and 2b, we show what happens to the distribution of the four-min-
ute and 150-second hydrocarbons results when the threshold is lowered for model-
year 1983-1990 vehicles. The dots represent the distribution of test results within 
three months before the policy shift (between January 1 and March 31 of 2003) 
and the X’s represents the distribution of test results within three months after the 
policy shift (between April 1 and June 30 of 2003).15 Vehicles with a hydrocarbon 
emissions reading just below the earlier (higher) threshold would have passed the 
hydrocarbon test prior to the policy shift but, without repairs, would have failed that 
test after the policy shift. Similarly, Figures 3a - 4b present the distributions of test 
results for nitrogen oxide and carbon dixoide before and after the policy change.

15 For each density function we calculate the percentage of observations that fall within a given 
bin. Extreme observations to the right of the distribution have been trimmed. In specification (1), Y 
is the percentage of observations for a given emissions level. For example, in Figure 2 there are 658 
vehicles with a four-minute hydrocarbon reading of 0 prior to the policy change, which represents 
0.6% of the entire sample. Therefore, Y=0.006 when X=0.

Table 1B: Summary statistics for model-years 1991-1995

Variable Observations Mean Observations Mean
Result 161,115 .919 200,608 .911
Always pass 161,115 .899 200,608 .911
Pre-pass 161,115 .02 200,608 .004
Never pass 161,115 .081 200,608 .085
Odometer 161,115 109,557 200,608 105,443
Model-year 161,115 1993.17 200,608 1993.17

Time period: Three months 
after policy change

Time period: Three months 
before policy change

Table 1C: Summary statistics for model-years 1996-2002

Variable Observations Mean Observations Mean
Result 238,564 .979 117,857 .979
Always pass 238,564 .979 117,857 .979
Pre-pass 238,564 0 117,857 0
Never pass 238,564 .021 117,857 .021
Odometer 238,564 58,164 117,857 55,587
Model-year 238,564 1998.701 117,857 1998.713

Time period: Three months 
after policy change

Time period: Three months 
before policy change
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Figure 2a: Impact of policy change on distribution of results of four-
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For the tests prior to the change in regulations, the figures show small disconti-
nuities at the old thresholds.16 But for hydrocarbon and nitrogen oxide tests after the 
change in regulations, the figures clearly show significant discontinuities at the new 
regulatory thresholds. Since our data represent the first tests conducted to comple-
tion by the inspectors, these shifts in the discontinuity cannot have resulted from 
repairs conducted in response to failed tests, but instead likely represent inspector 
manipulation—possibly in response to aborted and therefore unreported tests. One 
can see that the magnitude of this manipulation has been significant, since the in-
creased mass in the distribution is at very low emissions levels. This suggests that 
inspectors are unlikely to be simply warming up vehicles or adjusting the tailpipe 
probe in order to nudge failing cars to the passing side of the threshold; it is much 
more likely that they are using more serious manipulations such as clean-piping 
(Oliva 2012). We also note that the discontinuities are more defined for the four-
minute tests, which reflects the fact that these are the easier of each pair of tests to 
pass and thus form the binding constraint for a passing test result. 

As presented in Table 2, we estimate the significance of these discontinuities for 
all six emissions measurements, both before and after the threshold changes, using 
the following specification:

In equation (1), T is an indicator equal to one if the observations of the density 
function are to the right of the thresholds in Figures 2a-4b. The constant c is used 
to center the polynomials at the cutpoint in the distribution. We estimate the density 
function using cubic polynomials estimated separately on each side of the thresh-
old. The magnitude of the discontinuity in each distribution is given by the param-
eter t. Our results show that the discontinuity is significant for all the pre-April 1 
tests, which use the old thresholds. The discontinuity is also significant for many of 
the tests after the policy change, which use the new thresholds. The tests are consi
stent with the visual evidence in Figures 2a-4b.

16These discontinuities in the pretest period are likely due to a combination of leniency and the 
legitimate attrition of failing cars from operation in prior years.

Y T X c T X c(1) [ ( ) ( ) ]i
n

i
i

n
,1

1

3

,2∑α τ β β ε= + ⋅ + − + ⋅ ⋅ − +
=
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Note:  * and ** indicate significance at the 5% and 1% confidence levels, respectively. Parentheses 
contain standard errors. All discontinuities estimated using equation (1). Slight differences in obser-
vations are a function of different bin sizes, which were chosen to make the results approximately 
comparable. The abbreviation g/mi stands for grams per mile.

Table 2a: Estimated discontinuities for model-years
1983-1990 prior to the policy changed

Measure Passing
threshold Bin size Time period

Estimated 
jump at 

threshold
Number of 
observations

Four-minutes 
hydrocarbons 1.2 g/mi .01 g/mi January 1 -

March 30
-.0017

(.0003)** 150

Final-150-sec-
ond hydrocar-
bons

.75 g/mi .01 g/mi January 1 -
March 30

-.0015
(.0004)** 150

Four-minute 
nitrous oxide 2.5 g/mi .02 g/mi January 1 -

March 30
-.0007

(.0001)** 147

Final-150-sec-
ond nitrous 
oxide

2.5 g/mi .02 g/mi January 1 -
March 30

-.0007
(.0002)** 147

Four-minute 
carbon mon-
oxide

15 g/mi .15 g/mi January 1 -
March 30

-.0024
(.0003)** 148

Final-150-sec-
ond carbon 
monoxide

12 g/mi .15 g/mi January 1 -
March 30

-.0013
(.0003)** 146
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In order to identify manipulation by emissions inspectors, we implement a re-
search design that exploits the sharp policy shift in the regulatory thresholds. Us-
ing only those emissions tests within three months of the policy change, we define 
three categories of vehicle. The first group, never pass, is those cars whose emis-
sions results for each of the three pollutants always (both in the focal year and the 
previous year) exceed both the old and new thresholds on either the four-minute or 
150-second measurement.17 These vehicles would fail the test both before and after 
the environmental standards were tightened. The second group, pre-pass, is those 
cars for which the emissions scores were between the old and new thresholds. They 

17As explained earlier, a vehicle passes an emissions test so long as it passes either the four-minute or the 
150-second test for each of the three emissions dimensions (HC, NOx, and CO).

Table 2b: Estimated discontinuities for model-years
1983-1990 after the policy changed

Measure Passing
threshold Bin size Time period

Estimated 
jump at 

threshold
Number of 
observations

Four-minutes 
hydrocarbons .8 g/mi .01 g/mi April 1 -

June 30
-.0030

(.0004)** 150

Final-150-sec-
ond hydrocar-
bons

.5 g/mi .01 g/mi April 1 -
June 30

-.0030
(.0006)** 150

Four-minute 
nitrous oxide 2.0 g/mi .02 g/mi April 1 -

June 30
-.0008

(.0001)** 147

Final-150-sec-
ond nitrous 
oxide

2.0 g/mi .02 g/mi April 1 -
June 30

.0001
(.0002) 147

Four-minute 
carbon mon-
oxide

15 g/mi .15 g/mi April 1 -
June 30

-.0020
(.0004)** 148

Final-150-sec-
ond carbon 
monoxide

12 g/mi .15 g/mi April 1 -
June 30

-.0009
(.0002)** 146

Note:  * and ** indicate significance at the 5% and 1% confidence levels, respectively. Parentheses 
contain standard errors. All discontinuities estimated using a seventh-degree confidence interval. 
Slight differences in observations are a function of different bin sizes, which were chosen to make 
the results approximately comparable. The abbreviation g/mi stands for grams per mile.
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would pass if tested before April 1, but would fail afterward. The third group, al-
ways pass, is those cars whose emissions results were low enough to pass in either 
regulatory period. Figures 2 and 3 show these three categories for the hydrocarbons 
and nitrogen oxide tests. Figure 4, which presents the unchanged carbon monoxide 
threshold, has no pre-pass group.

The key to our analysis is to identify the probability that a vehicle falls into each 
of these three ranges of emissions. If inspectors are not manipulating emissions 
tests, we would expect the probability for each category to remain approximately 
constant across short periods of time for the first emissions test observed. The num-
ber of cars in the always pass category, for example, should be about the same on 
any two consecutive days. While overall emissions levels may gradually decrease 
as vehicles are repaired and replaced, this change should be relatively continuous.  

If, however, customers or inspectors are manipulating tests in response to the 
policy change, we can expect a discontinuity between the day before and the day of 
the policy switch. Inspectors who observe a vehicle falling into the pre-pass range 
on March 31 will allow the test to run to completion and legitimately pass the car. 
On or after April 1, however, some inspectors, observing a likely pre-pass result, 
would stop the test, manipulate the vehicle into the always pass range, and rerun 
the test, with the car appearing clean in the reported results. We would then observe 
that the number of pre-pass vehicles discontinuously drops on April 1, while the 
number of always pass vehicles discontinuously increases. 

Such a discontinuous change is important for identification due to the possibil-
ity of preemptive repair.  Since legitimately and permanently repairing vehicles 
takes time to schedule and complete, particularly when parts need to be ordered, 
it is an unlikely alternative explanation for such a discrete shock. We would likely 
observe no change to cars in the never pass range, as inspectors would manipulate 
the tests for these vehicles at similar rates both before and after the policy change. 

Figure 5 presents the daily frequencies of model-year 1983-1990 vehicles fall-
ing into each of the three categories, measured between January 1 and March 31, 
2003.  The discontinuity in the always pass category is immediately evident.  On 
April 1, 2003, the frequency of vehicles below the new threshold discretely in-
creases, the frequency of vehicles in the pre-pass range drops dramatically, and the 
frequency for the never pass range appears unchanged. 
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In Figures 6a and 6b, we repeat our frequency plot for the always pass and pre-
pass categories using percentages of cars tested before and after the policy change 
for each hour during which at least 100 cars were tested.18 These figures address 
the possible explanation of preemptive repair, since vehicles tested in the morning 
hours of April 1 are unlikely to have been identified as failing and then legitimately 
repaired and retested all in the early morning. These vehicles could, however, eas-
ily have been identified as failing and then manipulated and retested all in the early 
morning, using common techniques such as clean-piping. Since these cars would 
have passed on March 31, they are also unlikely to have been tested a few days ear-
lier and preemptively repaired.19 The discontinuities for always pass and pre-pass 
are still obvious at the hourly level. The visual results for always pass and pre-pass 
vehicles in Figures 6a and 6b are consistent with inspectors beginning to manipu-
late tests for pre-pass vehicles exactly when these cars fall below the regulatory 
threshold: the first hour of business on April 1, 2003.

18Hours with fewer tests were highly imprecise. Larger gaps represent weekends.
19Vehicle owners have some flexibility on when to test their vehicle, so long as the test occurs prior 

to the expiration of the previous year’s certification.
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To statistically test for the presence of a jump on April 1, we run linear prob-
ability models measuring the likelihood of vehicles appearing in each of the three 
categories. We use a standard approach similar to specification (1), regressing a 
dummy variable indicating whether the vehicle fell into one of the possible results 
categories on (a) a dummy variable indicating if the test was done after the policy 
change and (b) relevant control variables. Our specification includes fixed effects 
for eight-digit vehicle identification number (VIN) as well as a vehicle odometer 
cubic. The first eight digits of the VIN identify the manufacturer, year, model, and 
body and engine specifications and thus control for most vehicle-specific character-
istics.  In our most extensive specifications we use separate cubic time functions on 
either side of the threshold for polynomial smoothing.20  We also include controls 
for time of day (morning, afternoon, or evening) and day of week.21  The identifica-
tion strategy involves demonstrating that the treatment variable causes a discrete 
increase in the probability of falling into the always pass category and a discrete 
decrease in the probability of falling into the pre-pass category, while controlling 
for time trends and other potential predictors. For this model, we use the sample 
of model-year 1983-1990 vehicles within three months of the policy change, since 
these cars faced the largest increase in test stringency.

We present our results in Table 3.  Columns 1 and 2 represent linear probabil-
ity models predicting the likelihood of falling into the always pass category, with 
Column 2 including cubic polynomial smoothing and control variables.  Standard 
errors are clustered at the facility level.  Our results suggest a 9% increase in the 
likelihood of falling into the always pass category starting April 1 and are robust 
to the inclusion of control variables. This suggests that vehicles are immediately 
shifted below the new regulatory threshold on the day of the policy change.  Col-
umns 3 and 4 represent similar linear probability models predicting the likelihood 
of a vehicle falling into the pre-pass category between the two regulatory thresh-
olds.  In each model we observe a 9% drop in the likelihood on the day of the regu-
latory change. Columns 5 and 6 repeat the linear probability model for the never 
pass category. These results show no change in the likelihood of falling into this 
category after the policy change. The results from these regression discontinuity 
models strongly support the visual evidence in Figures 5 and 6 and are consistent 
with inspectors manipulating emissions tests on pre-pass vehicles the moment the 
new threshold takes effect. 

20 The specification is similar to (1) except that the assignment variable is time and the threshold 
is April 1, 2003.

21 Morning is defined as before 10 a.m., afternoon as between 10 a.m. and 3 p.m., and evening as 
after 3 p.m.  Results are robust to these choices.
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Table 4 supplements this analysis by estimating the model using only tests from 
one week before and after the policy change, with similar results.22 The one differ-
ence in this model is an estimated decrease in never pass vehicles. This disconti-
nuity could be interpreted to suggest that inspectors increase their leniency even 
toward the most polluting cars.

22 We exclude controls for day of the week in this model since we have only two of each in this nar-
row time period. The number of facilities—and thus the number of clusters—is reduced, since some 
facilities did not perform inspections during this more narrow time period.

Table 3: Test results three months before and after the
policy change for model-years 1983-1990

Independent
variables

(1) (2) (3) (4) (5) (6)

Post policy change .084
(.003)**

.092
(.008)**

-.086
(.002)**

-.085
(.006)**

.003
(.002)

-.007
(.006)

Cubic polynomial 
of days No Yes No Yes No Yes

Cubic polyno-
mial of days * Post 
policy change

No Yes No Yes No Yes

Cubic odometer 
controls No Yes No Yes No Yes

VIN group effects No Yes No Yes No Yes

Day of the week 
effects No Yes No Yes No Yes

Time of day ef-
fects No Yes No Yes No Yes

Manufacture-year 
effects No Yes No Yes No Yes

Observations 212,802 212,802 212,802 212,802 212,802 212,802

Clusters 3,711 3,711 3,711 3,711 3,711 3,711

Dependent variable:
Always pass

Dependent variable:
Pre-pass

Dependent variable:
Never pass

Note:  * and ** indicate significance at the 5% and 1% confidence levels, respectively. Parentheses 
contain standard errors clustered at the facility level. Saturday and Sunday are jointly coded as one 
business day. Time of day is an indicator for morning (before 10 a.m.), mid-day, or evening (after 3 
p.m.). The results are robust to this choice.
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One could worry that self-selection might be biasing the magnitude of our re-

sults. If owners of cars at risk of failing attempt to take the test before the policy 
change, our parameter might be incorrectly estimated. Intuitively, a driver would 
need to be unusually sophisticated and well-informed to engage in this strategy. 
Nevertheless, we present evidence that suggests that people did not rush to get 
their vehicles tested before the policy changed.  If this had been the case, we would 
expect a significant bump in the number of 1983-1990 models being taken in for 
inspection just prior to April 1 to avoid the new test which they might not pass.  

Table 4: Test results one week before and after the
policy change for model-years 1983-1990

Note:  * and ** indicate significance at the 5% and 1% confidence levels, respectively. Parentheses 
contain standard errors clustered at the facility level. Saturday and Sunday are jointly coded as one 
business day. Time of day is an indicator for morning (before 10 a.m.), mid-day, or evening (after 3 
p.m.). The results are robust to this choice.

Independent
variables

(1) (2) (3) (4) (5) (6)

Post policy change .084
(.007)**

.127
(.029)**

-.084
(.005)**

-.079
(.021)**

.000
(.005)

-.048
(.024)*

Cubic polynomial 
of days No Yes No Yes No Yes

Cubic polyno-
mial of days * Post 
policy change

No Yes No Yes No Yes

Cubic odometer 
controls No Yes No Yes No Yes

VIN group effects No Yes No Yes No Yes

Day of the week 
effects No Yes No Yes No Yes

Time of day ef-
fects No Yes No Yes No Yes

Manufacture-year 
effects No Yes No Yes No Yes

Observations 17,069 17,069 17,069 17,069 17,069 17,069

Clusters 3,122 3,122 3,122 3,122 3,122 3,122

Dependent variable:
Always pass

Dependent variable:
Pre-pass

Dependent variable:
Never pass
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In Figure 7, we present the daily volume of inspections three months before and 
after the April 1 policy change; we see no considerable difference. The 1983-1990 
models—those most affected by the policy change—show no difference relative 
to newer vehicles. In fact, the pattern of inspections for those vehicles and for the 
1991-1995 vehicles, which had smaller threshold changes, is similar to the pattern 
of inspections for post-1995 vehicles, for which there was no change in regulation 
at all. 

Table 5 follows suggestions by McCrary (2008) to test endogenous sorting more 
formally; it presents regression discontinuity models similar our prior models but 
with dummy variables for the three model-year categories as dependent variables.23 
Models with polynomial smoothing in Table 5 show no identifiable discontinuity 
following the policy change, consistent with our argument that customers are not 
preemptively testing at-risk cars prior to the policy change.  Finally, in unreported 
results, we find no economically significant differences in the odometer readings, 
testing weight, or age of the vehicles being inspected before and after the policy 
change, consistent with the implication from Table 1.

23These models exclude vehicle characteristics, which would be endogenous regressors.
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V. Conclusions

In this paper we use a regression discontinuity design to identify the strategic manip-
ulation of emissions tests by licensed private inspectors. As state-licensed experts 
charged with enforcing environmental regulations, inspectors are given discretion 
to gather and use information in the process of testing for the purpose of ensuring 
the fairness and accuracy of their results. Yet they can also use this discretion and 
information to manipulate the test by aborting it in process and then making tem-
porary adjustments or substitutions that allow the vehicle to fraudulently pass. This 
manipulation is motivated by the moral hazard of attracting and retaining repeat 
repair-and-service business (Hubbard 2002). The many older cars in our sample 
provide consistent business for mechanics, who are likely to suffer financially if 
customers take their business to more lenient facilities or choose to replace their 

Table 5: Predicting the percentage of cars tested each day based
on level of exposure to a more stringent policy

Independent 
variables

(1) (2) (3) (4) (5) (6)

Post policy 
change

-.004
(.001)**

-.004
(.010)

-.005
(.001)**

-.001
(.004)

.009
(.001)

.004
(.004)

Cubic poly-
nomial of 
days

No Yes No Yes No Yes

Cubic 
polynomial 
of days * 
post policy 
change

No Yes No Yes No Yes

Observations 1,120,688 1,120,688 1,120,688 1,120,688 1,120,688 1,120,688

Clusters 3,837 3,837 3,837 3,837 3,837 3,837

Dependent variable:
Model-year: 1983-

1990

Dependent variable:
Model-year: 1991-

1995

Dependent variable:
Model-year: 1996-

2002

Note:  * and ** indicate significance at the 5% and 1% confidence levels, respectively. Parentheses 
contain standard errors clustered at the facility level.
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cars with newer, more reliable ones. 
We exploit a policy change that, on April 1, 2003, lowered the pass threshold based 
on the vehicle model-year, thereby immediately putting hundreds of thousands of 
previously compliant vehicles at risk for failure. 

Given the considerable public welfare implications of increased mobile emis-
sions (Ashenfelter and Greenstone 2004; Currie and Neidell 2005; Currie et al. 
2009a, 2009b; Agarwal et al. 2010; Currie and Walker 2011; Fowlie et al. 2012), 
the argument for granting inspectors the discretion to stop tests in process seems 
tenuous. Although eliminating this discretion seems an obvious remedy, inspectors 
motivated by financial gain will likely find other ways to manipulate the system, al-
beit less precisely as they try to predict which vehicles require pretest manipulation. 
And given the low number of facilities detected and penalized by the state (States 
News Service, 2010), current levels of enforcement seem insufficient to deter ma-
nipulation. Our results therefore seem to justify increased investment in the moni-
toring of private inspection facilities, particularly when the state is implementing 
decreased thresholds that immediately put new cars at risk for failure.

Privatizing government regulatory enforcement may yield efficiency gains 
from competition and customer choice, but these gains come with considerable 
social cost through moral hazard for leniency. The state must give experts discre-
tion in order to make full use of their knowledge and expertise, but must also ac-
knowledge that this discretion can be abused for profit. Inspectors’ discretion has 
strong implications for the state’s ability to achieve regulatory goals by strengthen-
ing environmental standards; the private-market experts charged with inspection 
may have little incentive to enforce tighter standards and significant opportunity to 
circumvent them. Privatization in enforcement may therefore yield an additional 
cost not normally considered in outsourcing decisions: losing the option value of 
ratcheting up regulatory standards in the future.

It is important to note that the test manipulation we observe could actually serve 
the public welfare if the threshold were too low, such that the welfare benefits of 
repairing the marginal pre-pass vehicles were less than the costs. We find this to be 
unlikely in our setting, given the welfare calculation from Currie et al. (2009). Their 
estimates that increased standards in New Jersey saved 449 infant lives worth $2.2 
billion annually suggest that the benefits to New York far outweigh the foregone 
costs of legitimate repairs. Given that our model parameters suggest that 9% of all 
fleet vehicles were illegitimately passed after the policy change, this welfare benefit 
could fund a lot of repairs for these polluting vehicles. For example, it could fund 
$1,100 in repairs for two million cars, which would be 9% of a total fleet of 25 
million vehicles, far more than there actually are in New Jersey or downstate New 
York. Given such numbers, it is difficult to believe that manipulating the test results 
for these marginal vehicles could bring a net public welfare gain.
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We note that, while our identification strategy involves estimating the fraudu-
lent passing of only those vehicles newly affected by the policy change, the impli-
cations of our results go far beyond these “marginal” polluters. If emissions inspec-
tors were only passing marginal polluters because they were close to the threshold, 
then the social welfare impact of this fraud might be small. It would be somewhat 
analogous to police officers giving warnings to drivers only slightly exceeding the 
speed limit while arresting more serious offenders.24 

While we cannot directly observe leniency toward more extreme “gross” pol-
luters, it is hard to believe that the same strong incentives that motivate inspectors 
to fraudulently pass marginal polluters do not also motivate leniency toward gross 
polluters. Furthermore, extensive remote testing procedures by analytical chemists 
at the University of Denver show that the worst five percent of all vehicles produce 
half of total emissions, with the worst one percent producing over twenty percent 
(Stedman 2002; Stedman et al. 2009).25 These distributions are clearly inconsistent 
with the emissions distributions in Figures 2-4, suggesting that many gross pol-
luters are indeed being fraudulently passed and that the social welfare impact of 
fraudulent testing may be much larger than we can identify in our analysis.

While this paper’s implications for environmental policy and fraud are discour-
aging, there might seem to be a positive implication of our results; namely, that 
experts are willing to work hard to serve their clients, which seems to contrast with 
some evidence of moral hazard by experts, particularly car mechanics (Schneider 
2012). But in reality, our focal expert—the inspector—serves two principals: the 
government that authorizes and licenses him and the customer who selects and pays 
him.  What our results may therefore suggest is that, much like the supervisor in 
Tirole’s (1986) three-tiered agency model, any expert willing to break the law will 
serve whichever player offers the best reward. So even if our results suggest that 
licensed experts are indeed willing to break laws to serve their clients, the welfare 
implications of this are not necessarily positive. Equivalent client-serving behav-
iors—such as doctors or pharmacists illicitly providing narcotics, attorneys suborn-
ing perjury, or private schools facilitating test fraud—all carry similarly trouble-
some welfare implications.

Finally, our results raise questions about whether emissions testing programs are 
24There are notable differences, however, between police leniency and inspector leniency.  First, 

police do not have the strong incentives to provide leniency that inspectors have. Second, drivers are 
unable to choose which police officer pulls them over, nor do police officers need to compete with 
one another for this opportunity. Finally, police leniency for marginal offenses is arguably efficient 
because marginal speeding tickets are likely to be thrown out in court if challenged unless the officer 
testifies—time the officer could better spend on duty stopping more egregious violations.

25These statistics are taken from multiple states with active testing programs, including California, 
which has one of the most strict and active programs. To the best of our knowledge, such tests have 
never been conducted in our focal state.
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worth their considerable cost, given the widespread fraud suggested here. We note 
that the considerable welfare gains from reduced emissions (Currie et al. 2009b) 
and the relative efficiency of reducing pollution through mobile versus other sourc-
es (Fowlie et al. 2012) suggest that, even with such reduced efficiency, emissions 
testing is likely to be welfare-enhancing.  The larger implication, however, is for 
how to adjust these programs to make them both more effective and more fair to 
the drivers who are unwilling to solicit fraud yet who suffer its environmental and 
health costs. Perhaps the most promising direction is technology that takes discre-
tion away from highly incentivized private inspectors and also reduces the time 
burden to vehicle owners. Remote sensing detectors, which can be installed on 
freeway ramps, seem like promising solutions to these problems if they can be ap-
plied beyond the limited number of states that currently use them (Burgard et al. 
2006). 
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