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Abstract

We use a series of natural experiments with traffic data to examine how criminal behavior is deterred by various penalty schemes.  We contrast the response to a very low probability maximal penalty to the response to shifts of fines and probabilities in more ordinary punishments.  Low probability, very high sanctions are not completely effective at deterring criminal behavior.  In fact the numbers imply that a set of criminals are risk loving with respect to these schemes.  This may explain why such high-variance schemes are rarely implemented in practice. With regard to ordinary penalties we find large responses to both the size of the penalty and the probability of apprehension.
 

I. Introduction

An important result in the economics of crime and incentives is the optimality of imposing harsh punishment combined with low certainty. This is known as Becker’s (1968) proposition. The rationale is that it is possible to keep expected utility of potential criminals, and thus the degree of deterrence, constant by various combinations of penalties and probabilities of apprehension.  Since some penalties, like fines, do not impose social costs, the welfare maximizing scheme is the highest possible sanction coupled with low probability of apprehension.  Kolm (1973) phrased this result as “hang tax evaders with probability zero.”

It is puzzling that this apparently robust result differs so much from reality. Extreme sanction is an exception and not the rule, especially for relatively light crimes. This has generated extensive research attempting to rectify this contradiction. The major competing explanations are based on the following concepts: marginal deterrence requires marginal sanction (Stigler, 1970); risk aversion combined with probability of false detection (Polinsky and Shavell, 1979); individuals’ differences in wealth (Polinsky and Shavell, 1991, Garoupa, 1998); general and specific enforcement and monitoring (Shavell, 1991, Mookherjee and Png, 1992); imperfect information (Bebchuk and Kaplow, 1992); self reporting (Kaplow and Shavell, 1994); rent seeking by law enforcers (Friedman, 1999); societal resistance to optimal deterrence schemes (Sunstein et al 1999); individual discount rates which are higher than social discount rates (Polinsky and Shavell, 1999). Recent surveys are offered by Ehrlich (1996) and Garoupa (1997).  

A common feature of the various theoretical explanations is accepting the first part of Becker’s proposition, that any level of deterrence can be achieved by an extreme penalty.  The second part, the optimality of this scheme, is scrutinized and an attempt is made to dispute it.  Moreover, Becker’s proposition and its deterrence implications have never been put to an empirical test. Since a scheme of extreme punishment combined with low probability is not a realistic option, the deterrence of this scheme could not be tested.

This paper presents, to the best of our knowledge, a first piece of empirical evidence regarding the deterrent effect of Becker’s scheme; extreme sanction coupled with very low probability applied to a relatively light offense. Our starting point is the observation that there is a class of misdemeanors that is punished very harshly, including a death penalty, in all countries, including countries where capital punishment is illegal. These are traffic violations.

Running a red light is an offense that fits very well into the scheme suggested by Becker. A driver that chooses to run a red light makes a deliberate decision to break the law even though he is aware that at a very low probability he might experience an accident. The consequences of an accident might be as severe as one can imagine. It might involve death, permanent disability, and large financial cost either to the vehicles involved or in lost earnings and medical expenditures.

Red light running is a serious problem in virtually all countries with a large number of cars and drivers. For example, in the U.S. in 1998, roughly 2,000 deaths resulted from drivers running red lights.
  This compares with about 17,000 murders in 1998 (FBI UCR).  There are at least 260,000 crashes in the U.S. annually caused by red light running.
  Given these numbers, the social losses from red light running are on a similar order of magnitude as the social losses from murder. 

We show that about 1%-2% of drivers who have the opportunity to run a red light do so. Moreover, we would like to test whether these drivers, who ignored the extreme penalty in the first place, nevertheless might be deterred by a conventional sanction. This is doable since running red light, and traffic violations in general, involve two independent punishments. One is the maximal punishment of the accident. The other is a standard fine enforced by the police, a much lighter sanction imposed at a higher probability. 

The red-light experiments under consideration allow us to examine how responsive people are to shifts in the magnitude of a fine and shifts in the probability of getting caught.  With respect to ordinary traffic fines, drivers exhibit a large response to both policy levers.   The introduction of red light cameras in two U.S. cities reduced the number of violations by about 50%.  The elasticity of violations with respect to the size of the fine is roughly -0.20. 

We find that given any plausible values of the benefits and costs of running a red light, one must conclude that red light runners behave as risk lovers. This would explain why they are not deterred by the chance of an accident that occurs with very low probability.  This seems like a sensible empirical explanation for why low probability maximal penalties are not implemented with great regularity in the real world; such punishments do not work on everybody. In fact, this idea is in Becker (1968): “if offenders are risk preferrers, the loss in income from offenses is generally minimized by selecting positive and finite levels of p and f” (p. 184).
 

Our finding that people are responsive to both the probability of apprehension and the magnitude of the penalty is consistent with much of the modern deterrence literature.  For example, Levitt (1998) finds that the elasticity of crime with respect to the arrest rate is approximately -0.20.  Kessler and Levitt (1999) use sentence enhancements to show that increases in prison sentences have a large deterrent effect. We differ somewhat from Grogger (1991) and Witte (1980). These earlier studies found that criminals responded very little to the magnitude of the penalty (prison sentence).  Our data show that this is clearly not the case with respect to red light running.

The data employed here are from a series of experiments conducted in Virginia, California, and Israel regarding how people respond to shifts in fines and probabilities for running red lights.  The obvious advantage to examining such data is that this is a fairly unique case in which there is truly an exogenous shift in the penalty or the probability.  In two cases we have treatment groups with shifts and control groups without shifts.  Secondly, unlike in many crime data, there is no reporting problem; at the intersection in question, cameras are used to achieve complete monitoring of the number of cars and the number of violations.  The number of reported violations is the number of actual violations.  Thirdly, since there are no prison sentences handed out, there are fewer concerns of untangling deterrence effects from incapacitation.

The structure of the paper is as follows. Section 2 presents the analytical framework. Section 3 is a brief description of the data, while section 4 presents the empirical results. Conclusions are drawn in section 5. 

II.  The Expected Utility Model
A person with initial wealth y0 considers  committing an illegal act which will make his total wealth y.
  The benefit from the crime is b=y-y0
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0,  while the crime might carry a penalty f at a probability p. The expected utility of the illegal act is,

(1)


   Eu = pu(y-f) + (1-p)u(y)     . 

When the expected utility from committing the crime is higher than the utility u(y0) of not doing that, the crime takes place.  Assume constant absolute risk aversion utility function, u(y)=-exp(-ry) for risk aversion and u(y)=exp(ry) for risk loving. The parameter r, r>0, is the Arrow-Pratt measure of absolute risk aversion for risk averse individuals, and is equal to the Arrow-Pratt measure of absolute risk loving for risk lovers.  A risk neutral individual commits a crime if and only if p<b/f. A risk averse person will break the law if and only if

(2) 
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A risk lover will violate the law if and only if

(4) 
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The right-hand side of inequality (3) is finite for any finite positive level of b and p. This demonstrates Becker’s proposition for risk averse individuals.  Even if the benefit of the crime is large and the probability of apprehension is small, there is some finite penalty that will deter the crime. This is not true for risk lovers.  When the probability is low or when the benefit is high even infinitely high penalty will not prevent the crime.  Equations (4) or (5) show that this case in which no penalty can deter the crime happens when the probability is below the level 1-exp(-rb).  Alternatively, any individual with risk loving measure r above the level –(1/b)ln(1-p) will commit the crime even if she risks infinitely high penalty at some finite probability p.  This demonstrates why Becker’s scheme does not hold for risk lovers. Reducing the probability p while increasing the penalty f must, at one point, increase the expected utility from the crime and reduce deterrence.
  Notice also that when the punishment f is extremely high, while b and p are finite, all risk averse and risk neutral individuals will refrain from committing the crime. On the other hand, when the penalty is extremely high and the probability is very low, (almost) all risk lovers will commit the crime. This is because any individual whose risk loving measure is above p/b prefers the crime in this case; when p approaches 0 then very low measure of risk loving is sufficient to induce taking this high variance crime.

Suppose now that a given offense might be punished by two independent punishment schemes with probability pi and penalty fi, i=1,2. The expected utility of an illegal act is,

(6)    Eu=(p1–p1p2)u(y-f1)+(p2-p1p2)u(y-f2)+p1p2u(y-f1-f2)+(1-p1-p2+p1p2)u(y).

The two penalties we consider here satisfy pi <<1, i=1,2, and f1 >>1. In this case a risk lover with constant absolute risk aversion utility function will violate the law if her parameter r is above the critical level r* given by the equation,

(7)
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Hence r* varies between p1/b (for f2=0) and (p1+p2)/b (for f2
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III.  Description of the Data and Experiments
To combat the problem of red light running, police agencies have taken a variety of steps.  Among the most effective steps has been to install "red light cameras" at intersections.  These are small cameras which fit inside a protective housing installed on a light pole, tree, or building.  The camera is linked electronically to the traffic signal and wires buried in the road.  When a car enters the intersection after the light has turned red, the camera takes a picture of the car's license plate and in some cases a picture of the driver.  (This depends on the requirements under local laws.)  Typically drivers have a grace period so that tickets are only issued if the car enters some fraction of a second after the light turns red.

The cameras can be completely hidden or they can be well advertised with signs. They are fixed in direction and one camera can only cover one direction of traffic, though it can cover multiple lanes in a single direction.

Evidence from around the world shows that public knowledge of the use of camera enforcement in a given area creates large reductions in the number of violations.  We have data from experiments in Fairfax, Virginia, Oxnard, California, San Francisco, California, and Israel.

In Fairfax, VA, the introduction of cameras was coupled with a controlled experiment to examine the magnitude of the drop in violations.  Prior to any public announcement of the program, monitoring began at three types of intersections:  1.) camera intersections in Fairfax, 2.) non-camera intersections within Fairfax, and 3.) control intersections in nearby cities that do not use camera enforcement.  The non-camera and control intersections were monitored using video cameras.  

After several hundred hours of monitoring the level of violations, the camera enforcement program in Fairfax was announced with a publicity campaign including newspaper ads and signs posted at the city limits (but not specific intersections).  This reflects increased probability of detection.  The fine imposed on red light runners has been kept constant at $50 during the whole period under consideration. We take the dependent variable to be the number of violations per hour.  We measure the drop in the rate of violations as a difference in difference; we take the difference before and after at the Fairfax camera intersections minus the difference before and after at the control intersections.

A natural question is whether or not the timing of when the cameras are installed is truly exogenous.  First of all differencing out the control intersections should remove any overall trend in violations within Virginia.  Secondly, the timing of the program was controlled more at the State level than at the local level. The State legislature had to pass a law legalizing the use of camera enforcement.  Once they did that, Fairfax initiated its program soon after.

A second experiment similar to the Fairfax experiment was run in Oxnard, California at about the same time (circa July 1997).  This experiment also involved camera and non-camera sites within Oxnard and control sites located in nearby cities (e.g. Santa Barbara.)  The methodology and the resulting drops in violations are similar to those found in Fairfax.

The Oxnard experiment has an additional component: In January 1998, the State of California more than doubled the fine for running a red light.  The fine was raised from $104 to $271.  As is shown in Figure 1, this caused an immediate and large drop in the number of violations per day.  The number of violations then stabilized at this new low level where it remains.  We assume this shift in the fine to be exogenous and we use it to obtain an estimate of the elasticity of the rate of violations with respect to the fine.  We believe that this estimate is useful because it includes complete monitoring and a quasi-exogenous shift in the fine.  

The same fine shift occurred in San Francisco (due to the shift in California law) and we have monthly data for eight intersections, presented in Figure 2.  This enables us to run a regression with intersection fixed effects to get a second estimate of the response to a shift in the fine.  

The largest data set we have is for Israel. In their effort to reduce traffic deaths, the Israelis have implemented a nation wide camera program over the past twenty years. As an additional measure to reduce violations, Israel raised the fine for running a red light from 400 shekels ($122) to 1000 shekels ($305) in December of 1996. We have 45 months of data, 1:1995-9:1998, across all 73 intersections in the country which have housings for the cameras.  About half of the intersections, between 34 and 40, had an active camera in any given month. We use the Israeli data to run regressions with intersection fixed effects to estimate the drop in violations with respect to the fine increase.

IV.  Results
On the Response to a Maximal Penalty


In the first column of Table 1 we address the question of how often people run red lights.  This is a direct evidence on the deterrent effect of a maximal penalty combined with an ordinary fine, and thus gives an upper bound of the deterrence generated by a maximal fine. In Fairfax, pre-camera, about 2.5% of the drivers who arrive when the light is turning red run the light.  This is a mean across intersections calculated in the following manner: We have data from the City Planning Department on the number of violations, traffic flows, and timing of the lights at 5 different intersections.  For each intersection we are able to calculate the number of light cycles per hour and the number of violations per hour.  The ratio is the number of violations per light cycle.  The standard error reported is the standard error of the mean across the intersections.

Our analysis implicitly assumes that exactly one potential violator approaches the intersection at each cycle. Since most 97.5% of people obey the light, it is rare for one violator to follow another anyway.  The cameras only capture one violation per cycle. Could there be light cycles during which no car is approaching?  This is extremely unlikely because these are busy urban intersections with all measurements taken at rush hours.

After the cameras are installed in Fairfax, 1.4% of drivers break the law when given the chance.  In Oxnard, California the highest volume site under observation had a violation rate of 1.2% before and 0.6% after the cameras were announced.
 We calculate similar numbers across Israeli intersections and find that before the fine hike about 0.6% of people who have the opportunity to break the law do so.  The percentage of violators dropped to 0.4% with the higher fine. All estimates are statistically different from zero.  The Israeli numbers are lower than those of Fairfax for two main reasons. First, Israel offers a longer grace period before red light running counts as a violation; 1.0 second  in  Israel compared to 0.4 second in Fairfax. Secondly, the terms of the standard fine, both the size and the probability, are harsher in Israel than in Fairfax. 

The conclusion is that extreme penalty, even when combined with the standard fine, deters about 97% - 99.5% of the population. This is consistent with other evidence. For instance, a 1987-88 field study in U.K. intersections found that one high volume intersection had a violation rate of 1.4% before cameras and a second had a violation rate of 3.1% (Thompson et al. 1989).
 Using Washington, D.C. data, Retting and Williams (1996) report that the number of violators between 0.5 and 1.0 seconds after red equaled the number of violators from 1.0 seconds and above after red.

In order to understand these results we would like to quantify the cost and benefit of running the light.  The most that a red light runner could save in time is a full light cycle minus the time length of green light in her direction, which is usually at least one quarter of the cycle. The driver saves often even less than this because she ends up having to stop at the back of the queue at the next intersection which has turned red in time with the light that was violated. In our sites, most of the light cycles are on the order of 1 minute, so let us take 1 minute as the upper bound for the benefit, b, from running the light. 

What is the expected time lost due to an accident?  Column 2 of Table 1 shows that in Fairfax roughly  0.2% of red light runners have a car accident as a result.  This is the ratio of the number of red light induced accidents to number of violations in these intersections during the period of observation.  The aggregate probability in Israel of having an accident with casualties if a light is run is around 0.08%. This is the ratio of the total number of accidents with casualties that result from not complying with red light and the number of red light violations statewide.
   In San Francisco the probability of an accident with injuries conditional on running a red light is 0.02% (This is based on SFPD statistics).  The British numbers estimated in Thompson et al. (1989) are between 0.03% (standard deviation of 0.01%) and 0.08% (s.d of 0.02%). 

Denoting by p1 and f1 the probability and size of penalty of an accident, respectively, the expected cost of an accident is p1f1.  If the violators were risk averse or neutral, then given the benefit of one minute then a time loss above 1/p1 will deter them from running the light.  Table 1A shows the probability distribution of slightly injurious, seriously injurious, and fatal accidents experienced by drivers who run red lights in Israel.  For example, the odds of a slight accident are 1 in 1280 and the odds of experiencing a fatal accident are 1 in 100,000.  

Given these probabilities and the expected benefit of 1 minute, we can compute the minimum loss of time conditional on having an accident that would deter a risk neutral person.  This number is shown in column 3 of Table 1A.  If a slight injury causes a loss greater or equal to 0.9 days, a risk neutral person will be deterred by that risk alone.  The corresponding numbers for the additional risks of serious and fatal injuries are 13.9 days and 69.4 days respectively.     

These strike us as an exceedingly low estimates for the typical time lost due to an accident. Even an accident with a minor injury will involve many hours of waiting for the police, going to the hospital, taking the car in for repair, etc.  A serious accident would involve many days in the hospital, disability, time in courts and jails. A fatal accident will almost certainly cost many years of time; we know that the median red light runner is under age 30.
  Any of these risks alone would deter a risk neutral driver.  

The numbers imply that the violators are behaving as risk-lovers. They make a high variance bet with a negative expected payoff.  Note that the bet in question is so high in variance that only a small coefficient of risk loving is necessary to justify the bet.  For example, suppose that the correct time lost for an accident is f1=24 hours and this occurs with probability p1=0.002. If this is the only penalty from running the light then equation (4) implies that all individuals with risk loving parameter above 0.002 (which is approximately p1/b in this case). In other words, only a very small amount of risk loving is required to induce people to make this very high variance bet.
 Of course, no risk averse or risk neutral person will take this risk. 

On the Response to a Shift in the Probability of an Ordinary Fine

In Table 2 we see how violators responded to the installation of cameras in Fairfax.  In row 1, we see that violations per hour fell by 45% in the camera intersections by one year after the cameras were introduced.  Violations per hour fell by 29% in non-camera intersections in Fairfax.  This reflects the fact that the locations of the cameras are not public knowledge.  Both drops are large and statistically significant.  Virtually no drop is recorded in the control intersection; nor would we expect one.  The diff in diff (treatment change minus control change) shows a 50% reduction in the camera intersections and a 34% reduction in the non-camera.  Both drops are statistically significant. 

We estimate the probability of apprehension before at 1.1% (see Table 2, row 6).  This is the ratio of tickets to violations in the intersections that were fully monitored pre-treatment.  We use the tickets given out in 1996, which is the year before the program started.   We assume that the number of violations in 1996 is identical to those recorded in the pre-treatment monitoring in 1997.  The probability we estimate here allows us to estimate the ratio of probabilities of 4.83 reported in the last column of Table 1. 

Table 3 repeats this exercise for the data from the Oxnard, California experiment.  We switch from violations per hour to violations per car because we have different data from Oxnard.  In the nine camera intersections, there is a drop of 44% in violations per car in the camera intersections and 54% in the non-camera intersections in Oxnard.  The decrease in the control intersections is 5% and is not statistically significant.  The diff in diff shows decreases of 39% and 49% in the camera and non-camera intersections respectively.  All drops in camera and non-camera sites are statistically significant.

On the Response to a Shift in the Amount of an Ordinary Fine


In Table 4 we examine how violations respond to an increase of 150% in the fine in Israel (from 400 to 1000 shekels) and 161% in California (from $104 to $271).  Here the cameras function solely as a way to get complete monitoring of various intersections before and after the fine shift.  

The first four columns of Table 4 present regression results using the Israeli data.  In regression 2 we regress the log of violations per day on the log of the fine, using the single large shift in the fine to identify the coefficient.  We use intersection months as the unit of observation and include intersection fixed effects.  We estimate the elasticity of the violation rate with respect to the fine to be -0.17.   When we aggregate up to quarterly data as in regression 1, we see that the elasticity of violations with respect to the fine is -0.21.  In both regressions the elasticity is statistically significant.  

In regression 3 we included the number of months since the camera was first installed in the intersection. The coefficient of this variable is intended to capture the degree to which drivers learn about the locations of the cameras and reduce violations in those specific intersections. This coefficient is -0.02 and is statistically significant.  

In regression 4 we made an attempt to estimate the effect of an exogenous shift in the probability of an accident. For that purpose we included the number of intersecting roads (one or two) in each intersection.  A larger number of intersecting roads creates a larger probability of having an accident while running a red light.  The coefficient of this variable is negative and significant, which indicates that the violation rate falls with a higher probability of an accident.. 

In regression 6 in Table 4, we use the aggregate data in Oxnard to estimate the response to the fine increase and obtain an elasticity of -0.56. Naturally we worry about the fact that the shift in the fine came within a year after the cameras went into place.  But as Figure 1 demonstrates, the drop occurs directly after the fine change. In San Francisco we have individual intersection data by month and so we are able to run a panel regression with intersection fixed effects.  In the case of San Francisco (regression 5) we estimate elasticity of the violation rate with respect to the fine is -0.26.

Implications for Risk Aversion of the Violators
Our empirical results can be summarized as follows. About 0.5%-2.5% of the drivers run red lights in spite of the extreme risk involved. These drivers demonstrate, though, a significant response to the terms of a standard fine. Introduction of red light cameras that increased the probability of ticketing reduced the number of violations in both Oxnard and Fairfax to about one half of the pre-camera levels.  Fine increases in California and Israel lowered the number of violations such that the elasticity of violations with respect to the fine hike is around –0.20. We have also found some indication that exogenous increase in the probability of an accident reduces the number of violations.


This pattern is consistent with red light runners being risk lovers. Return to the example in which the time saved by running the light is one minute, while the time loss due to an accident is 24 hours, f1=1440 minutes, at a probability p1=0.002. As we have seen earlier, all drivers with risk loving measure r that satisfies r>r*=0.002 will run the light; none of the risk averse or neutral drivers will do that.  Add now a second, independent penalty which involves a much lower cost of 24 minutes, f2=24 minutes, at a probability which is 20 times higher (corresponding to the ratio of probabilities in Israel), p2=0.04. Although the average time lost in the second penalty is one third of the average loss of the first one, it deters risk lovers to a larger extent. The introduction of the second penalty increases the cutoff risk loving measure r* from 0.002 to 0.012 (see equation 7).  A 150% increase in the fine from 24 to 60 minutes raises r* to 0.038. Taken together, this illustrates that low probability large fine schemes may not deter certain forms of criminal behavior but more normal penalty schemes can.

V.  Conclusion
We have used here data from natural experiments to present estimates of the proportion of the population that is deterred by an extreme penalty, low probability punishment. About 1%-2% of the population violated the law even when the risky crime carried expected cost which is higher than the benefit. This group demonstrated, though, a large quantitative response to the terms of a standard fine. This might explain why the Becker scheme of very harsh punishment is never built into a law. As noted by Becker himself, part of the population, probably because of risk loving, will not be deterred by a very low probability penalty, even if the sanction is extremely severe. They can be deterred, though, by a more certain punishment even when accompanied by a much milder penalty. 

The implications of our analysis extend to other fields of economics. Lazear (1981) raised the notion of employee bonds, combined with very low monitoring, as a most efficient discipline device. As discussed in Ritter and Taylor (1994) and references therein, unlimited bonds or unlimited entrance fees imply that there is no room for efficiency wages, with obvious implications for wage rigidity and macroeconomics. The nonexistence of employee bonds, in particular very high ones, is a puzzle that intrigued labor economists.
 Our evidence suggests that unlimited employee bonds will not serve as a good incentive device, unless coupled with some positive degree of monitoring. Another application in which our insight might be helpful is models where asymmetric information or adverse selection do not allow to obtain the first-best solution. In many applications, extreme sanction allows to approach the first-best solution as close as we wish. In Mirlees (1974) this means that the government should impose a death penalty on farmers who produce below a certain level. Similar conclusion is drawn in Nalebuff and Scharfstein (1987). 
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Table 1

Percent of People Who Run Red Light, 

Percent of Red Light Runners Who Have Accidents

	
	Prob(run light | arrive when turning red)
	Prob(accident |

run red light)*
	Prob(ticket |run) /       

 Prob (accident | run) 

	Fairfax data-- pre-camera
	0.025

(0.006)
	0.002

(0.001)
	4.83

(1.16)



	Fairfax data -- post-camera
	0.014

(.007)


	
	

	Oxnard data (site 4, before)


	0.012

(0.0005)


	
	

	Oxnard data (site 4, after)


	0.006

(0.0003)


	
	

	Israeli data -- pre-hike
	0.006

(0.0005)


	
	

	Israeli data -- post-hike
	0.004

(0.0003)


	
	

	Israeli aggregate numbers
	
	0.00084

(0.00002)
	23.8



	           Israel: slight injury
	
	0.00078

(0.00002)


	

	           Israel: serious injury
	
	0.00005

(0.000005)


	

	           Israel: fatal
	
	0.00001

(0.000002)


	

	San Francisco
	
	0.0002

(0.000008)


	26.7

	United Kingdom (site 1, before camera)
	0.014

(0.002)
	0.0003

(0.0001)


	

	United Kingdom (site 1, after camera)


	0.011

(0.002)
	
	

	United Kingdom (site 2, before camera)
	0.031

(0.003)
	0.0008

(0.0002)


	

	United Kingdom (site 2, after camera)


	0.035

(0.003)
	
	


*Fairfax probability of an accident is an order of magnitude higher than that for San Francisco, Israel, UK because Fairfax numbers include all accidents including ones with only property damage.  Numbers for other locations include only accidents with injuries.

Prob(run light | arrive when turning red) is based upon violations per hour and light cycles per hour in each intersection.

Prob(accident | run red light) is number of accidents due to red light running / # red light violations in each intersection.

Mean probability (run light)  in Fairfax is average across 5 intersections and standard deviation is across the intersections.

Fairfax ratio of prob(ticket) / prob(accident) uses prob(accident) from this table and prob(ticket) shown in Table 2.

San Francisco and Israeli ratios of prob(ticket) / prob(accident) = total red light tickets / total red light accidents.

San Francisco probability of an accident is based upon an estimated 786 crashes (with 1,324 injuries) divided by an estimated 3.5 million red light violations.  The standard error is calculated as [p(1-p)/n ]^.5. The Israel probability of an accident is calculated in a similar manner.

Table 1A

Distribution of Accidents By Type 

	
	Prob(accident |

run red light)
	Odds of an Accident
	Loss of Days Needed to Deter Risk Neutral Person* 

	           Israel: slight injury
	0.00078

(0.00002)


	1:1,282
	0.9

	           Israel: serious injury
	0.00005

(0.000005)


	1:20,000
	13.9

	           Israel: fatal
	0.00001

(0.000002)


	1:100,000
	69.4


Notes: *Assumes benefit to running red light = 1 minute.  Minimum loss of minutes needed to deter a risk neutral person = 1/probability of an accident.

Table 2

Reduction in Violations, Implied Elasticities 

From Fairfax, VA Experiment

	Mean (Violations Per Hour) Across Intersections
	

	
	Before
	1 year After
	Percentage Change

	Camera
	0.59
	0.33
	-45%

	
	(0.13)
	(0.09)
	(9%)

	N
	5.00
	5.00
	5.00

	
	
	
	

	Non-camera
	1.96
	1.35
	-29%

	
	(0.58)
	(0.29)
	(6%)

	N
	2.00
	2.00
	2.00

	
	
	
	

	Control
	0.36
	0.37
	5%

	
	(0.05)
	(0.02)
	(9%)

	N
	2.00
	2.00
	2.00

	
	
	
	

	Difference in Difference
	
	
	

	Camera minus Control
	
	
	-50%

	
	
	
	(16%)

	Non-camera minus control
	
	
	-34%

	
	
	
	(11%)

	
	
	
	

	Probability of Apprenhension
	
	

	tickets per violation
	0.011
	0.036
	223%

	
	(0.005)
	
	

	
	
	
	

	Elasticity of Violations per hour wrt  ( Prob
	

	Camera minus Control
	
	
	-0.22

	Non-camera minus control
	
	
	-0.15


 Notes:

 Data provided by City of Fairfax Dept. of Public Works and Police Dept; Insurance for Highway Safety.  See Retting et. al. 1998.

 Standard errors shown in parentheses.  Violations per hour are averages across intersections. 

 Standard error shown is std(across intersections) / (n^.5)

 Standard error for diff in diff is calculated as the standard error for a difference in means.

 Probability of apprehension before = [annual number of tickets written (hand enforcement) at the 5 intersections used as "camera"        iintersections] / [annual number of violations -- estimated from "before" data collected during experiment] 

Table 3

Reduction in Violations, Implied Elasticities 

From Oxnard, CA Experiment

	Mean (Violations Per 10,000 Cars) Across Intersections
	

	
	Before
	4 months After
	Percentage Change

	Camera
	14.35
	8.38
	-44%

	
	(1.72)
	(1.37)
	(5%)

	N
	9.00
	9.00
	9.00

	
	
	
	

	Non-camera
	16.40
	7.40
	-54%

	
	(6.13)
	(3.22)
	(8%)

	N
	3.00
	3.00
	3.00

	
	
	
	

	Control
	7.00
	6.70
	-5%

	
	(0.20)
	(1.20)
	(14%)

	N
	2.00
	2.00
	2.00

	
	
	
	

	Difference in Difference
	
	
	

	Camera minus Control
	
	
	-39%

	
	
	
	(13%)

	Non-camera minus control
	
	
	-49%

	
	
	
	(19%)

	
	
	
	

	Probability of Apprehension
	
	

	tickets per violation
	
	
	200%

	
	
	
	

	
	
	
	

	Elasticity of Violations per hour wrt  ( Prob
	

	Camera minus Control
	
	
	-0.20

	Non-camera minus control
	
	
	-0.25


 Notes: 

 Data are from Oxnard Police Dept and Retting et. al. 1999.

 Standard errors shown in parentheses.  Violations per car are averages across intersection. 

 Standard error shown is std(across intersections) * 1/ (n)^.5

 Standard error for diff in diff is calculated as the standard error for a difference in means.

Table 4

Regression of Violations Per Day On Indicators For Shift in Fine 

Includes Intersection Fixed Effects

	
	Log(viol./day)

quarterly

 Israel


	Log(viol./day)

monthly 

Israel
	Log(viol./day)

monthly

 Israel


	Log(viol./day)

monthly

 Israel
	Log(viol./car)

monthly 

San Fran
	Log(viol./day)

monthly 

Oxnard

	log(fine) 
	-0.21

(-2.66)


	-0.17

(-2.82)


	-0.17

(-2.70)


	-0.16

(-1.70)
	-0.26

(-1.62)


	-0.56

(-1.95)

	time trend
	-0.05

(-5.43)


	-0.01

(-6.22)


	0.01

(0.92)


	-0.01

(-4.08)
	-0.01

(-1.53)


	-0.04

(-2.26)

	months since camera first installed in intersection 
	
	
	-0.02

(-3.21)


	
	
	

	number intersecting roads
	
	
	
	-0.35

(-2.09)


	
	

	constant
	2.65

(5.85)
	2.36

(6.63)
	2.17

(6.03)
	2.91

(4.62)


	1.65

(2.22)
	5.06

(3.54)

	R-squared
	.12
	.08
	.14
	.13
	.05
	.56

	N 

(time periods*intersections)
	589
	1,519
	1,519
	675
	124
	21


Notes:

T-statistics in parentheses.

Regressions 1-4 are OLS with intersection fixed effects on Israeli data. 

Fine shifts in 1/12/96 from 400 shekels to 1,000 shekels.

Number of intersections is 73 in regressions 1-3, 32 in regression 4 (rural intersections only) and 8 in regression 5.

Regression 5 is OLS with intersection fixed effects on San Francisco, CA data.

Regression 6 is OLS on aggregate Oxnard, CA data. 

Fine shifts in CA from $104 to $271 on 1/1/98.

Figure 1

Violations Per Day in Oxnard, CA
[image: image1.wmf]³


Notes: Violations per day = (total violation all intersections / hours of observation all intersections) * 24

Data are from Oxnard Police Dept. and Martin Marietta.  Fine increased from $104 to $271 on Jan 1, 1998.

Figure 2

Violations Per Car in San Francisco, CA
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Data are from San Francisco department of parking and traffic. Fine increased from $104 to $271 on Jan 1, 1998.
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Violations Per 1,000 Cars - Intersection Mean








� I would like to thank the following organizations for providing data: Israel Police, The City of Fairfax Department of Public Works, The San Francisco Department of Parking and Traffic, the Oxnard Police Department, and the Insurance Institute for Highway Safety.


� There are numerous empirical studies of capital punishment and deterrence. This is not, however, the Becker scheme. The intriguing feature of this proposition is that it should apply to any crime, irrespective of the harm made, and not just to murder or rape. Also, the certainty of apprehension and punishment for very severe crimes is not small. About 64% of US murders result in a charge and 76% of those result in a conviction. (See Glaeser and Sacerdote 1999 and FBI UCR.)


� Becker (1968), p.170, emphasizes that his basic analysis applies also to traffic violations. Some of the other papers mentioned above, e.g. Polinsky and Shavell (1991) and Friedman (1999), make a similar statement.


� From analysis of NHTSA administration data.


� From US Dept. of Transportation.  This number is a lower bound and is based only on accidents which can be identified for certain as caused by red-light running.


� Polinsky and Shavell (1999) show that maximal imprisonment may not be optimal when individuals are risk preferring. Their conclusion is based upon the social cost of imprisonment.  Our observation (from a positive point of view) is that a maximal fine with a low probability does not deter all violators. Evidence that prisoners are risk lovers is in Block and Gerety (1995). Similar result regarding alcohol-impaired drivers is in Legge and Park (1994).


� Few people lose their driver's licenses as a result of getting caught even multiple times.


� The expected utility framework presented here is similar to Becker (1968), which is standard in the literature. E.g. Garoupa (1997) and Neilson and Winter (1997). A slightly different version is presented in Brown and Reynolds (1973).


� This can be seen also by taking the total derivative of the expected utility with respect to p and f and equate it to 0.  For risk lovers, this yields the following derivative for a constant expected utility, df/dp=� EMBED Equation.3  ���. Reducing p requires ever increasing increments of f to keep expected utility constant, with the ratio becoming unbounded for very large penalties. For risk averse persons df/dp=� EMBED Equation.3  ��� which is bounded from above (in absolute value) by  1/(rp) . 


� Violation rates at the other sites were similar.


� The paper does not mention the size of the fine for running red light.


� We use the same ratio that the Israel Police uses in order to convert the number of red light violations in intersections with cameras to a statewide number of violations. This ratio is based upon number of intersections and flow of traffic in intersections with and without cameras.


� Insurance Institute for Highway Safety.


� The expected time loss is 2.9 minutes with a standard deviation of 64 minutes.


� The essence of Dickens et al. (1989) is a discussion of possible reasons for why employee bonds are so rare.
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Sheet1

		7th / Mission Streets WB

		Serial		Categories		Jan-97		Feb-97		Mar-97		Apr-97		May-97		Jun-97		Jul-97		Aug-97		Sep-97		Oct-97		Nov-97		Dec-97		Jan-98		Feb-98		Mar-98		Apr-98		May-98		Jun-98		Jul-98		Aug-98		Sep-98		Oct-98		Nov-98		Dec-98		Jan-99		Feb-99		Mar-99		Apr-99		May-99		Jun-99

		26		Vehicles Monitored		317,009		285,990		298,784																										94,290		179,608		169,914		302,234		276,401		260,979		299,856		192,396		269,992		252,934		233,708		278,224		280,277		256,576		310,549

		27		Total Violations		470		493		493																										229		433		503		723		737		411		377		210		344		347		305		302		401		400		414

				Total Issued		102		134		30																										53		38		99		161		167		113		123		70		137		129		103		67		136		136		123

		7th / Mission NB

		Serial		Categories		Jan-97		Feb-97		Mar-97		Apr-97		May-97		Jun-97		Jul-97		Aug-97		Sep-97		Oct-97		Nov-97		Dec-97		Jan-98		Feb-98		Mar-98		Apr-98		May-98		Jun-98		Jul-98		Aug-98		Sep-98		Oct-98		Nov-98		Dec-98		Jan-99		Feb-99		Mar-99		Apr-99		May-99		Jun-99

		26		Vehicles Monitored		520,424		347,332		360,066												10,967		2,021		106,300		313,933		338,308		540,875		363,116		106,300		313,933		338,308		395,220		326,636						104,347		11,358				213,975		291,477		308,153		297,128		347,003

		27		Total Violations		921		437		575												43		681		339		1,039		892		861		1,113		339		1,039		892		1,535		1,498						205		12				459		586		706		835		956

				Total Issued		104		47		57												9		100		79		339		284		277		221		79		339		284		18		15						51		1				29		86		155		151		118

		5th / Howard Streets wb

		Serial		Categories		Jan-97		Feb-97		Mar-97		Apr-97		May-97		Jun-97		Jul-97		Aug-97		Sep-97		Oct-97		Nov-97		Dec-97		Jan-98		Feb-98		Mar-98		Apr-98		May-98		Jun-98		Jul-98		Aug-98		Sep-98		Oct-98		Nov-98		Dec-98		Jan-99		Feb-99		Mar-99		Apr-99		May-99		Jun-99

		26		Vehicles Monitored		450,361				430,898		399,789		415,811		436,322		394,464		442,687		456,493		307,839		332,476		403,597		403,980		401,136		425,505		424,088		421,378		451,660		454,171		455,639		402,826		490,894		437,420		421,168		393,200		410,087		42,586						61,376

		27		Total Violations		1,137				786		910		907		1,059		1,130		1,235		1,058		1,069		1,100		1,038		537		560		461		623		649		668		982		1,020		850		885		864		913		989		1,107		4						61

				Total Issued		204				215		275		236		179		190		272		256		201		235		336		208		157		113		169		98		80		80		123		187		230		256		290		292		283		3						8

		9th/ Howard NB

		Serial		Categories		Jan-97		Feb-97		Mar-97		Apr-97		May-97		Jun-97		Jul-97		Aug-97		Sep-97		Oct-97		Nov-97		Dec-97		Jan-98		Feb-98		Mar-98		Apr-98		May-98		Jun-98		Jul-98		Aug-98		Sep-98		Oct-98		Nov-98		Dec-98		Jan-99		Feb-99		Mar-99		Apr-99		May-99		Jun-99

		26		Vehicles Monitored																		288,879		596,718		620,509		347,432		560,299		657,246		736,643		620,509		347,423		560,299		243,429		833,290		720,751		839,022		761,956		507,857		763,262		692,474				380,141		757,692		881,828

		27		Total Violations																		331		774		695		337		213		241		293		695		337		213		199		679		680		578		616		544		667		408				80		156		153

				Total Issued																		44		86		109		27		40		43		31		109		27		40		0		7		9		22		35		48		41		23				19		27		14

		9th / Howard WB

		Serial		Categories		Jan-97		Feb-97		Mar-97		Apr-97		May-97		Jun-97		Jul-97		Aug-97		Sep-97		Oct-97		Nov-97		Dec-97		Jan-98		Feb-98		Mar-98		Apr-98		May-98		Jun-98		Jul-98		Aug-98		Sep-98		Oct-98		Nov-98		Dec-98		Jan-99		Feb-99		Mar-99		Apr-99		May-99		Jun-99

		26		Vehicles Monitored																		181,304		316,092		355,921		365,775		329,950		317,953		362,054		355,921		365,775		329,950		212,340		114,451		11,336		196,640		230,099		235,325		214,034		182,909				170,811		323,481		389,550

		27		Total Violations																		348		641		442		548		264		237		279		442		548		264		220		196		12		216		223		214		239		147				79		168		202

				Total Issued																		52		47		105		167		102		78		67		105		167		102		5		1		1		32		32		47		52		33				23		33		47

		19th / Sloat SB

		Serial		Categories		Jan-97		Feb-97		Mar-97		Apr-97		May-97		Jun-97		Jul-97		Aug-97		Sep-97		Oct-97		Nov-97		Dec-97		Jan-98		Feb-98		Mar-98		Apr-98		May-98		Jun-98		Jul-98		Aug-98		Sep-98		Oct-98		Nov-98		Dec-98		Jan-99		Feb-99		Mar-99		Apr-99		May-99		Jun-99

		26		Vehicles Monitored		152,460				799,339		774,278		782,871		725,837		556,758										452,441		152,460								65,078		152,460				353,332		785,724				457,669		1,023,143		925,565				814,187		1,023,783		925,544		281,002

		27		Total Violations		21		0		315		334		276		272		278										212		57		0		0		0		53		10				33		78				35		89		73				102		81		99		37

				Total Issued		10				136		111		89		64		55										53		10								53		10				0		10				6		23		6				8		30		29		9





for graph

		inter		month		monthn		vehicles		violations		issued						inter		month		month		violations per 10,000 vehicles		vehicles		violations		issued

		1		1		Jan-97		317009		470		102						3		1		Jan-97		25.25		450361		1,137		204

		1		2		Feb-97		285990		493		134						3		2		Feb-97

		1		3		Mar-97		298784		493		30						3		3		Mar-97		18.24		430898		786		215

		1		4		Apr-97												3		4		Apr-97		22.76		399789		910		275

		1		5		May-97												3		5		May-97		21.81		415811		907		236

		1		6		Jun-97												3		6		Jun-97		24.27		436322		1,059		179

		1		7		Jul-97												3		7		Jul-97		28.65		394464		1,130		190

		1		8		Aug-97												3		8		Aug-97		27.90		442687		1,235		272

		1		9		Sep-97												3		9		Sep-97		23.18		456493		1,058		256

		1		10		Oct-97												3		10		Oct-97		34.73		307839		1,069		201

		1		11		Nov-97												3		11		Nov-97		33.09		332476		1,100		235

		1		12		Dec-97												3		12		Dec-97		25.72		403597		1,038		336

		1		13		Jan-98												3		13		Jan-98		13.29		403980		537		208

		1		14		Feb-98												3		14		Feb-98		13.96		401136		560		157

		1		15		Mar-98												3		15		Mar-98		10.83		425505		461		113

		1		16		Apr-98		94290		229		53						3		16		Apr-98		14.69		424088		623		169

		1		17		May-98		179608		433		38						3		17		May-98		15.40		421378		649		98

		1		18		Jun-98		169914		503		99						3		18		Jun-98		14.79		451660		668		80

		1		19		Jul-98		302234		723		161						3		19		Jul-98		21.62		454171		982		80

		1		20		Aug-98		276401		737		167						3		20		Aug-98		22.39		455639		1,020		123

		1		21		Sep-98		260979		411		113						3		21		Sep-98		21.10		402826		850		187

		1		22		Oct-98		299856		377		123						3		22		Oct-98		18.03		490894		885		230

		1		23		Nov-98		192396		210		70						3		23		Nov-98		19.75		437420		864		256

		1		24		Dec-98		269992		344		137						3		24		Dec-98		21.68		421168		913		290

		1		25		Jan-99		252934		347		129						3		25		Jan-99		25.15		393200		989		292

		1		26		Feb-99		233708		305		103						3		26		Feb-99		26.99		410087		1,107		283

		1		27		Mar-99		278224		302		67						3		27		Mar-99				42586		4		3

		1		28		Apr-99		280277		401		136						3		28		Apr-99

		1		29		May-99		256576		400		136						3		29		May-99

		1		30		Jun-99		310549		414		123						3		30		Jun-99		9.94		61376		61		8

		2		1		Jan-97		520424		921		104

		2		2		Feb-97		347332		437		47

		2		3		Mar-97		360066		575		57

		2		4		Apr-97

		2		5		May-97

		2		6		Jun-97

		2		7		Jul-97

		2		8		Aug-97

		2		9		Sep-97		10967		43		9

		2		10		Oct-97		2021		681		100

		2		11		Nov-97		106300		339		79

		2		12		Dec-97		313933		1,039		339

		2		13		Jan-98		338308		892		284

		2		14		Feb-98		540875		861		277

		2		15		Mar-98		363116		1,113		221

		2		16		Apr-98		106300		339		79

		2		17		May-98		313933		1,039		339

		2		18		Jun-98		338308		892		284

		2		19		Jul-98		395220		1,535		18

		2		20		Aug-98		326636		1,498		15

		2		21		Sep-98

		2		22		Oct-98

		2		23		Nov-98		104347		205		51

		2		24		Dec-98		11358		12		1

		2		25		Jan-99

		2		26		Feb-99		213975		459		29

		2		27		Mar-99		291477		586		86

		2		28		Apr-99		308153		706		155

		2		29		May-99		297128		835		151

		2		30		Jun-99		347003		956		118

		3		1		Jan-97		450361		1,137		204

		3		2		Feb-97

		3		3		Mar-97		430898		786		215

		3		4		Apr-97		399789		910		275

		3		5		May-97		415811		907		236

		3		6		Jun-97		436322		1,059		179

		3		7		Jul-97		394464		1,130		190

		3		8		Aug-97		442687		1,235		272

		3		9		Sep-97		456493		1,058		256

		3		10		Oct-97		307839		1,069		201

		3		11		Nov-97		332476		1,100		235

		3		12		Dec-97		403597		1,038		336

		3		13		Jan-98		403980		537		208

		3		14		Feb-98		401136		560		157

		3		15		Mar-98		425505		461		113

		3		16		Apr-98		424088		623		169

		3		17		May-98		421378		649		98

		3		18		Jun-98		451660		668		80

		3		19		Jul-98		454171		982		80

		3		20		Aug-98		455639		1,020		123

		3		21		Sep-98		402826		850		187

		3		22		Oct-98		490894		885		230

		3		23		Nov-98		437420		864		256

		3		24		Dec-98		421168		913		290

		3		25		Jan-99		393200		989		292

		3		26		Feb-99		410087		1,107		283

		3		27		Mar-99		42586		4		3

		3		28		Apr-99

		3		29		May-99

		3		30		Jun-99		61376		61		8

		4		1		Jan-97

		4		2		Feb-97

		4		3		Mar-97

		4		4		Apr-97

		4		5		May-97

		4		6		Jun-97

		4		7		Jul-97

		4		8		Aug-97

		4		9		Sep-97		288879		331		44

		4		10		Oct-97		596718		774		86

		4		11		Nov-97		620509		695		109

		4		12		Dec-97		347432		337		27

		4		13		Jan-98		560299		213		40

		4		14		Feb-98		657246		241		43

		4		15		Mar-98		736643		293		31

		4		16		Apr-98		620509		695		109

		4		17		May-98		347423		337		27

		4		18		Jun-98		560299		213		40

		4		19		Jul-98		243429		199		0

		4		20		Aug-98		833290		679		7

		4		21		Sep-98		720751		680		9

		4		22		Oct-98		839022		578		22

		4		23		Nov-98		761956		616		35

		4		24		Dec-98		507857		544		48

		4		25		Jan-99		763262		667		41

		4		26		Feb-99		692474		408		23

		4		27		Mar-99

		4		28		Apr-99		380141		80		19

		4		29		May-99		757692		156		27

		4		30		Jun-99		881828		153		14

		5		1		Jan-97

		5		2		Feb-97

		5		3		Mar-97

		5		4		Apr-97

		5		5		May-97

		5		6		Jun-97

		5		7		Jul-97

		5		8		Aug-97

		5		9		Sep-97		181304		348		52

		5		10		Oct-97		316092		641		47

		5		11		Nov-97		355921		442		105

		5		12		Dec-97		365775		548		167

		5		13		Jan-98		329950		264		102

		5		14		Feb-98		317953		237		78

		5		15		Mar-98		362054		279		67

		5		16		Apr-98		355921		442		105

		5		17		May-98		365775		548		167

		5		18		Jun-98		329950		264		102

		5		19		Jul-98		212340		220		5

		5		20		Aug-98		114451		196		1

		5		21		Sep-98		11336		12		1

		5		22		Oct-98		196640		216		32

		5		23		Nov-98		230099		223		32

		5		24		Dec-98		235325		214		47

		5		25		Jan-99		214034		239		52

		5		26		Feb-99		182909		147		33

		5		27		Mar-99

		5		28		Apr-99		170811		79		23

		5		29		May-99		323481		168		33

		5		30		Jun-99		389550		202		47

		6		1		Jan-97		152460		21		10

		6		2		Feb-97				0

		6		3		Mar-97		799339		315		136

		6		4		Apr-97		774278		334		111

		6		5		May-97		782871		276		89

		6		6		Jun-97		725837		272		64

		6		7		Jul-97		556758		278		55

		6		8		Aug-97

		6		9		Sep-97

		6		10		Oct-97

		6		11		Nov-97

		6		12		Dec-97		452441		212		53

		6		13		Jan-98		152460		57		10

		6		14		Feb-98				0

		6		15		Mar-98				0

		6		16		Apr-98				0

		6		17		May-98		65078		53		53

		6		18		Jun-98		152460		10		10

		6		19		Jul-98

		6		20		Aug-98		353332		33		0

		6		21		Sep-98		785724		78		10

		6		22		Oct-98

		6		23		Nov-98		457669		35		6

		6		24		Dec-98		1023143		89		23

		6		25		Jan-99		925565		73		6

		6		26		Feb-99

		6		27		Mar-99		814187		102		8

		6		28		Apr-99		1023783		81		30

		6		29		May-99		925544		99		29

		6		30		Jun-99		281002		37		9





Sheet2

		inter		month		monthn		vehicles		violations		issued

		1		1		Jan-97		317009		470		102

		1		2		Feb-97		285990		493		134

		1		3		Mar-97		298784		493		30

		1		4		Apr-97

		1		5		May-97

		1		6		Jun-97

		1		7		Jul-97

		1		8		Aug-97

		1		9		Sep-97

		1		10		Oct-97

		1		11		Nov-97

		1		12		Dec-97

		1		13		Jan-98

		1		14		Feb-98

		1		15		Mar-98

		1		16		Apr-98		94290		229		53

		1		17		May-98		179608		433		38

		1		18		Jun-98		169914		503		99

		1		19		Jul-98		302234		723		161

		1		20		Aug-98		276401		737		167

		1		21		Sep-98		260979		411		113

		1		22		Oct-98		299856		377		123

		1		23		Nov-98		192396		210		70

		1		24		Dec-98		269992		344		137

		1		25		Jan-99		252934		347		129

		1		26		Feb-99		233708		305		103

		1		27		Mar-99		278224		302		67

		1		28		Apr-99		280277		401		136

		1		29		May-99		256576		400		136

		1		30		Jun-99		310549		414		123

		2		1		Jan-97		520424		921		104

		2		2		Feb-97		347332		437		47

		2		3		Mar-97		360066		575		57

		2		4		Apr-97

		2		5		May-97

		2		6		Jun-97

		2		7		Jul-97

		2		8		Aug-97

		2		9		Sep-97		10967		43		9

		2		10		Oct-97		2021		681		100

		2		11		Nov-97		106300		339		79

		2		12		Dec-97		313933		1,039		339

		2		13		Jan-98		338308		892		284

		2		14		Feb-98		540875		861		277

		2		15		Mar-98		363116		1,113		221

		2		16		Apr-98		106300		339		79

		2		17		May-98		313933		1,039		339

		2		18		Jun-98		338308		892		284

		2		19		Jul-98		395220		1,535		18

		2		20		Aug-98		326636		1,498		15

		2		21		Sep-98

		2		22		Oct-98

		2		23		Nov-98		104347		205		51

		2		24		Dec-98		11358		12		1

		2		25		Jan-99

		2		26		Feb-99		213975		459		29

		2		27		Mar-99		291477		586		86

		2		28		Apr-99		308153		706		155

		2		29		May-99		297128		835		151

		2		30		Jun-99		347003		956		118

		3		1		Jan-97		450361		1,137		204

		3		2		Feb-97

		3		3		Mar-97		430898		786		215

		3		4		Apr-97		399789		910		275

		3		5		May-97		415811		907		236

		3		6		Jun-97		436322		1,059		179

		3		7		Jul-97		394464		1,130		190

		3		8		Aug-97		442687		1,235		272

		3		9		Sep-97		456493		1,058		256

		3		10		Oct-97		307839		1,069		201

		3		11		Nov-97		332476		1,100		235

		3		12		Dec-97		403597		1,038		336

		3		13		Jan-98		403980		537		208

		3		14		Feb-98		401136		560		157

		3		15		Mar-98		425505		461		113

		3		16		Apr-98		424088		623		169

		3		17		May-98		421378		649		98

		3		18		Jun-98		451660		668		80

		3		19		Jul-98		454171		982		80

		3		20		Aug-98		455639		1,020		123

		3		21		Sep-98		402826		850		187

		3		22		Oct-98		490894		885		230

		3		23		Nov-98		437420		864		256

		3		24		Dec-98		421168		913		290

		3		25		Jan-99		393200		989		292

		3		26		Feb-99		410087		1,107		283

		3		27		Mar-99		42586		4		3

		3		28		Apr-99

		3		29		May-99

		3		30		Jun-99		61376		61		8

		4		1		Jan-97

		4		2		Feb-97

		4		3		Mar-97

		4		4		Apr-97

		4		5		May-97

		4		6		Jun-97

		4		7		Jul-97

		4		8		Aug-97

		4		9		Sep-97		288879		331		44

		4		10		Oct-97		596718		774		86

		4		11		Nov-97		620509		695		109

		4		12		Dec-97		347432		337		27

		4		13		Jan-98		560299		213		40

		4		14		Feb-98		657246		241		43

		4		15		Mar-98		736643		293		31

		4		16		Apr-98		620509		695		109

		4		17		May-98		347423		337		27

		4		18		Jun-98		560299		213		40

		4		19		Jul-98		243429		199		0

		4		20		Aug-98		833290		679		7

		4		21		Sep-98		720751		680		9

		4		22		Oct-98		839022		578		22

		4		23		Nov-98		761956		616		35

		4		24		Dec-98		507857		544		48

		4		25		Jan-99		763262		667		41

		4		26		Feb-99		692474		408		23

		4		27		Mar-99

		4		28		Apr-99		380141		80		19

		4		29		May-99		757692		156		27

		4		30		Jun-99		881828		153		14

		5		1		Jan-97

		5		2		Feb-97

		5		3		Mar-97

		5		4		Apr-97

		5		5		May-97

		5		6		Jun-97

		5		7		Jul-97

		5		8		Aug-97

		5		9		Sep-97		181304		348		52

		5		10		Oct-97		316092		641		47

		5		11		Nov-97		355921		442		105

		5		12		Dec-97		365775		548		167

		5		13		Jan-98		329950		264		102

		5		14		Feb-98		317953		237		78

		5		15		Mar-98		362054		279		67

		5		16		Apr-98		355921		442		105

		5		17		May-98		365775		548		167

		5		18		Jun-98		329950		264		102

		5		19		Jul-98		212340		220		5

		5		20		Aug-98		114451		196		1

		5		21		Sep-98		11336		12		1

		5		22		Oct-98		196640		216		32

		5		23		Nov-98		230099		223		32

		5		24		Dec-98		235325		214		47

		5		25		Jan-99		214034		239		52

		5		26		Feb-99		182909		147		33

		5		27		Mar-99

		5		28		Apr-99		170811		79		23

		5		29		May-99		323481		168		33

		5		30		Jun-99		389550		202		47

		6		1		Jan-97		152460		21		10

		6		2		Feb-97				0

		6		3		Mar-97		799339		315		136

		6		4		Apr-97		774278		334		111

		6		5		May-97		782871		276		89

		6		6		Jun-97		725837		272		64

		6		7		Jul-97		556758		278		55

		6		8		Aug-97

		6		9		Sep-97

		6		10		Oct-97

		6		11		Nov-97

		6		12		Dec-97		452441		212		53

		6		13		Jan-98		152460		57		10

		6		14		Feb-98				0

		6		15		Mar-98				0

		6		16		Apr-98				0

		6		17		May-98		65078		53		53

		6		18		Jun-98		152460		10		10

		6		19		Jul-98

		6		20		Aug-98		353332		33		0

		6		21		Sep-98		785724		78		10

		6		22		Oct-98

		6		23		Nov-98		457669		35		6

		6		24		Dec-98		1023143		89		23

		6		25		Jan-99		925565		73		6

		6		26		Feb-99

		6		27		Mar-99		814187		102		8

		6		28		Apr-99		1023783		81		30

		6		29		May-99		925544		99		29

		6		30		Jun-99		281002		37		9
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for graph 2

		

						month		Violations per 1,000 (de-meaned)		N

				7		Jul-97		0.46		2

				8		Aug-97		0.61		1

				9		Sep-97		0.65		4

				10		Oct-97		0.93		3

				11		Nov-97		0.54		4

				12		Dec-97		0.37		5

				13		Jan-98		-0.29		5

				14		Feb-98		-0.65		4

				15		Mar-98		-0.34		4

				16		Apr-98		0.21		5

				17		May-98		0.31		6

				18		Jun-98		-0.06		6

				19		Jul-98		0.38		5

				20		Aug-98		0.57		6

				21		Sep-98		-0.04		5

				22		Oct-98		-0.22		4

				23		Nov-98		-0.30		6

				24		Dec-98		-0.09		5

				25		Jan-99		-0.00		5

				26		Feb-99		-0.17		5

				27		Mar-99		-0.48		3

				28		Apr-99		-0.40		5

				29		May-99		-0.26		5

				30		Jun-99		-0.32		5
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		MonthN		Month		Violations		Hours		end

		May-97		1		479				-99

		Jun-97		2		464				-99

		Jul-97		3		502				-99

		Aug-97		4		1233				-99

		Sep-97		5		1352				-99						Month		Violations/Day

		Oct-97		6		1402		3073		-99						Oct-97		10.95

		Nov-97		7		733		2325		-99						Nov-97		7.57

		Dec-97		8		1102		2934		-99						Dec-97		9.01

		Jan-98		9		1034		2227		-99						Jan-98		11.14

		Feb-98		10		872		2460		-99						Feb-98		8.51

		Mar-98		11		594		2552		-99						Mar-98		5.59

		Apr-98		12		554		4420		-99						Apr-98		3.01

		May-98		13		481		4265		-99						May-98		2.71

		Jun-98		14		378		3656		-99						Jun-98		2.48

		Jul-98		15		515		4410		-99						Jul-98		2.80

		Aug-98		16		571		4171		-99						Aug-98		3.29

		Sep-98		17		434		3092		-99						Sep-98		3.37

		Oct-98		18		360		2894		-99						Oct-98		2.99

		Nov-98		19		376		3124		-99						Nov-98		2.89

		Dec-98		20		434		3594		-99						Dec-98		2.90

		Jan-99		21		433		3463		-99						Jan-99		3.00

		Feb-99		22		396		2907		-99						Feb-99		3.27

		Mar-99		23		531		3375		-99						Mar-99		3.78

		Apr-99		24		594		3552		-99						Apr-99		4.01

		May-99		25		539		3695		-99						May-99		3.50

		Jun-99		26		434		3404		-99						Jun-99		3.06

		Jul-99		27						-99

		Aug-99		28						-99

		Sep-99		29						-99
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