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 Crime, apprehension and clearance rates:
 Panel data evidence from Canadian

 provinces

 Philip A. Curry University of Waterloo
 Anindya Sen University of Waterloo
 George Orlov University of Western Ontario

 Abstract. The Becker (1968) model of crime establishes the importance of the probability
 of apprehension as a key factor in a rational individual's decision to commit a crime. In this
 respect, most empirical studies based on US data have relied on variation in the number
 of police officers to estimate the impact of the probability of apprehension or capture.
 We measure the probability of apprehension by clearance rates and study their effects on
 crime rates, employing a panel of Canadian provinces from 1986 to 2005. OLS, GMM,
 GLS and IV estimates yield statistically significant elasticities of clearance rates, ranging
 from -0.2 to -0.4 for violent crimes and from -0.5 to -0.6 for property crimes. These
 findings reflect the importance of police force crime-solving productivity.

 Résumé. Crime, arrestation et taux d'incidents élucidés par la police: résultats à partir de
 données de panels pour les provinces canadiennes. Le modèle de crime de Becker (1968)
 établit l'importance de la probabilité d'arrestation en tant que facteur important dans la
 décision de commettre un crime d'un individu rationnel. La plupart des études empiriques
 basées sur des données américaines ont utilisé le nombre de policiers pour évaluer la proba
 bilité d'arrestation. Les auteurs proposent d'utiliser le taux des crimes élucidés, et étudient
 leurs effets sur les taux de criminalité à l'aide de données pour un panel de provinces cana
 diennes del 986 à 2005. Des calibrations obtenues par diverses méthodes (moindres carrés
 ordinaires, moindres carrés généralisés, méthode des moments généralisés, IV) donnent
 des élasticités significatives des taux de crime par rapport aux taux d'élucidation: entre
 -0.2 et -0.4 pour les crimes violents, et entre -0.5 et -0.6 pour les crimes contre la
 propriété. Ces résultats montrent l'importance de la productivité des corps policiers dans
 l'élucidation des crimes.

 JEL classification: K14, K42

 We are grateful to Peter Carrington for many illuminating discussions. We thank Salvador
 Navarro, Fraser Summerfield and two anonymous referees for their feedback. We also thank
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 482 P. A. Curry, A. Sen and G. Orlov

 1. Introduction

 Becker's (1968) seminal theory of crime hypothesizes that criminals rationally
 evaluate the benefits of crime against the probability of being caught (appre
 hension) and the severity of punishment. Early empirical studies1 often used
 police-reported clearance rates as a measure of the probability of apprehension.
 As noted by Chalfin and McCrary (2013), however, most recent econometric
 studies have focused on the effects of the number of police officers on crime.
 From a policy standpoint, using the number of police officers is appealing be
 cause policy-makers cannot choose the probabilities of apprehension directly, but
 they can choose the size of the police force. Given that labour is an input into the
 apprehension production function, understanding the effect of police on crime,
 even in a reduced form, is valuable.

 From a researcher's standpoint, the number of police officers is easy to observe.
 Further, if changes to the size of a jurisdiction's police force are exogenous and
 not an artifact of trends in crime rates or unobserved shocks, then OLS estimates

 will yield unbiased and consistent impacts that can be used in policy evaluation.
 A statistically significant correlation between more police officers and less crime
 also yields some very clear options for policy-making.

 However, even in such ideal circumstances for empirical research, a correla
 tion between more police officers and less crime does not offer insight into how
 deterrence is achieved. Presumably, the probability of apprehension is the "out
 put" produced by the police force and the number of police officers is the labour
 input for this production function. However, an increase in the number of police
 officers may result in reduced crime simply because of higher visibility rather
 than an increased probability of apprehension. Furthermore, as discussed in the
 data section below, the relationship between the number of police officers and
 clearance rates is murky at best. As such, the exact channel through which the
 number of police officers affects crime rates is not obvious.

 We attempt to complement the existing studies on police and crime by focusing
 on the effects of clearance rates on crime using panel data for Canadian provinces
 (1986 to 2005) while including the number of police officers. In the majority of
 cases, a police-reported incident of crime is said to be "cleared" if an individual
 associated with the specific criminal act is apprehended by the police. There is a
 reasonable chance that the deterrence effects associated with an enhanced prob

 ability of apprehension will be more precisely captured through clearance rates
 than the per capita number of police officers or arrests. Further, the importance
 of clearance rates has been acknowledged by criminologists for some time.

 The primary objective of our research is to empirically evaluate the relation
 ship between changes in the probability of apprehension—as captured through
 clearance rates—and corresponding trends in violent and property crime rates
 while controlling for the number of police officers. Our empirical strategy is moti

 vated by an extension of the theoretical model developed by Polinsky and Shavell

 1 See, for example, Carr-Hill and Stern (1973), Ehrlich (1973), Thaler (1977) and Wolpin (1978).

This content downloaded from 
�����������72.139.198.32 on Fri, 04 Aug 2023 14:08:05 +00:00������������ 

All use subject to https://about.jstor.org/terms



 Crime and clearance rates 483

 (2000), which allows us to link spending on police services to corresponding
 changes in clearance rates and crime and serves as a foundation for constructing
 plausible instruments. The model also offers some insight on the relative bene
 fits of focusing on clearance rates as opposed to the number of per capita police
 officers.

 There are very few studies based on panel data that have investigated the ef
 fects of apprehension on crime rates in Canada.2 From a general perspective, a
 study of Canadian trends should be of interest to policy-makers in the US, given
 similarities in movements in crime rates over time. Specifically, Canada experi
 enced the same dramatic decline in crime during the 1990s that also
 occurred in the US and that has continued to baffle academics and policy
 makers.3 Figure A1 shows that per capita violent crime rates are higher in Canada
 and that violent crime fell in both countries from the early 1990s onward.
 Figure A2 suggests a closer correspondence in property crime rates between the
 two countries, with a similar persistent drop from the early 1990s. Using Canadian
 data also allows a rather clean identification of the effects of the probability of
 apprehension through clearance rates because legislative penalties for violent
 crime (and most property crimes) are at the federal level and thus can be
 accounted for through the use of year-specific dummies. On the other hand,
 there are rather significant and complex state-specific differences in penalties in
 the US. The presence of unobserved state-varying and time-specific determinants
 of crime, such as the well-documented crack cocaine epidemic from the mid-1980s
 to the early 1990s, makes it difficult to ensure unbiased coefficient estimates of
 clearance rates based on US data. In the absence of proper controls, empirical
 estimates based on US data may then be confounded if variation in clearance
 rates coincides with amendments to penalties implemented by state legislatures
 or unobserved factors such as the crack cocaine epidemic.4

 OLS estimates yield statistically significant elasticities of clearance rates, rang
 ing from -0.2 to -0.4 for violent crimes and from -0.5 to -0.6 for property
 crimes. These estimates are robust to the use of a wide array of controls, province
 and year fixed effects and province-specific linear trends. Comparable results
 are obtained from generalized least squares (GLS), first difference, generalized
 method of moments (GMM) and instrumental variables (IV) regressions. In con
 trast, coefficient estimates of the per capita number of police officers are not
 always significant or possess the wrong sign. We think that these findings reflect

 the importance of police force productivity in terms of solving crimes and appre
 hending criminals linked to specific crimes. However, we note that our instruments

 are weakly correlated with clearance rates. Therefore, appropriate caution should
 be used in interpreting the results of this study.

 2 Early empirical work on apprehension and Canadian crime is based primarily on time-series
 data. Examples are Avio (1973), Avio and Clark (1976), Avio and Clark (1978) and Avio (1979).

 3 See Levitt (2004) for further details.
 4 Cheung and Erikson (1997) suggest that crack cocaine use in Canada was quite insignificant

 relative to corresponding trends in the US. Fryer et al. (2005) provide a detailed account of the
 crack cocaine epidemic in the US along with associated costs.
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 484 P. A. Curry, A. Sen and G. Orlov

 The remainder of the paper is organized as follows. Section 2 contains a review
 of the relevant literature. Section 3 describes the data and trends in key variables.
 The theoretical model is presented in section 4. Our empirical model is outlined
 in section 5. Empirical estimates are detailed in section 6. Section 7 concludes
 with a summary of our main findings and associated policy implications.

 2. Previous literature

 As noted, most empirical research has focused on the effects of the number of
 police officers on crime.5 Chalfin and McCrary (2013) offer a detailed review
 of recent studies. We focus on papers that study the effects of arrest or clearance
 rates. In this respect, the empirical literature on the effects of apprehension is much

 thinner, and very few of these studies have accounted for potential simultaneity
 bias in coefficient estimates of arrest rates with respect to crime through the use
 of instrumental variables or structural models. Key results and measurement of
 arrest rates from previous studies are detailed in table 1. For the sake of brevity and
 direct relevance, we restrict our discussion to studies based on US data and that

 have relied on panel data across jurisdictions and over time in order to evaluate
 the impacts of arrest or clearance rates.6,7
 5 Recent studies employ varying strategies to address the simultaneity bias of coefficient estimates

 of police on crime, which occurs when the size of the police force increases as a response to a
 corresponding upward trend in local crime rates. Evans and Owens (2007) study increases in the
 number of police officers generated by grants from the Community Oriented Police Service
 (COPS) program. Di Telia and Schargrodsky (2004), Klick and Tabarrok (2005) and Draca
 et al. (2011) identify the impacts of police on crime based on sudden exogenous terror events
 that require enhanced police presence. Levitt (1997) analyzes data on 59 large US cities with
 directly elected mayors, 1970 to 1992. His instrumental variables are constructed from mayoral
 and gubernatorial elections. Levitt's estimates suggest that an increase in the size of the police
 force reduces violent crime but does not significantly impact property crime. However, McCrary
 (2002) finds that Levitt's IV estimates are much less precise once some specific programming
 errors are corrected. In a rejoinder, Levitt (2002) uses a different dataset and obtains results that
 are comparable to his original 1997 AER paper. Chalfin and McCrary (2013) note that
 simultaneity between crime rates and police numbers is much weaker than assumed in previous
 literature, at least at the municipal level (due to institutional constraints). They correct
 measurement error by using data from both Uniform Crime Reports (UCR) and Annual Survey
 of Government (ASG) for 242 US cities with populations over 50,000 during the period from
 1960 to 2010. The authors use the ASG measure of police as an IV for UCR data and models
 using UCR data as IV for ASG measures. Like Levitt (1997), their results suggest an array of
 elasticities across different categories, with violent crime rates being more responsive than
 property crime rates to changes in police force size.

 6 There are, of course, studies that have not relied on panel data. Lochner (2007) uses the
 National Longitudinal Survey of Youth 1997 Cohort and the National Youth Survey to examine
 which factors affect an individual's perceived probability of arrest. His results suggest that a 10%
 increase in the perceived probability of arrest for auto theft reduces auto theft by 7% and major
 theft by close to 4%. In terms of panel-based Canadian studies, Sen (2007) employs clearance
 rates as a control, but the emphasis of the study is on the effects of abortion and fertility on
 crime. Similarly, the focus of Joyce (2009) is on the effects of abortion on US crime. He
 replicates the results from Donohue and Levitt (2008) and finds that higher arrest rates have a
 significant and negative impact on some types of violent crime.

 7 A number of panel-based studies focus on the effects of the existence of a death penalty on
 murder rates. Zimmerman (2004, replicated in 2009) uses state-level panel data from 1978 to
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 TABLE 1  Crime elasticities with respect to arrests
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 486 P. A. Curry, A. Sen and G. Orlov

 Early empirical work on crime and deterrence focused on the effects of clear
 ance rates as a measure of the probability of apprehension. Thaler (1977) uses
 1972 census-tract-level data from Rochester, New York, to estimate the effect of
 deterrence on neighbourhood crime. He emphasizes the importance of measur
 ing the probability of apprehension through an "arrest clearance rate." On page
 41, he specifically states "[f]or this measure a crime is only considered cleared if
 the criminal was arrested specifically for that crime." Carr-Hill and Stern (1973)
 also rely on clearance rates in their study of crime in police districts in England
 and Wales in 1961 and 1966, and they are quite clear on the emphasis that should
 be placed on clearance rates relative to the number of per capita police officers.
 In particular, they state (pp. 289-90):

 Deterrence theories indicate that this offence rate should depend on the proportion
 of crimes 'cleared-up' (or clear-up rate), if this reflects perceived probabilities of
 apprehension. Such theories might also focus on the number of policemen per capita
 and a measure of the equipment available to each officer.

 Craig (1987) uses 1972 data from Baltimore and obtains a -0.57 elasticity of
 crime with respect to actual clearance rates (generated from 3SLS). Wolpin (1978)
 obtains comparable results (with respect to clearance rates) based on time-series
 data from 1955 to 1971 for England, Japan and California.

 However, studies from the 1990s focus on the relationship between police
 reported crimes and per capita arrests (relative to either the number of reported
 crimes or population). Corn well and Trumbull (1994) exploit variation across
 counties in North Carolina and obtain OLS elasticities of arrest rates (arrests/
 crimes) with respect to FBI Index crimes ranging from -0.35 and -0.68. On the
 other hand, 2SLS estimates with fixed effects are statistically insignificant. Lott
 and Mustard (1997) employ county-level data between 1977 and 1992 and focus
 on the effects of legislation pertaining to the right to carry concealed handguns.
 Their reduced form estimates suggest that a higher probability of arrest is linked
 with lower crime rates. 2SLS estimates of arrest rates (measured by arrests di
 vided by crimes) instrumented by lagged crime rates also result in negative and
 significant coefficient estimates. However, in their analysis of the Mustard-Lott
 dataset, Black and Nagin (1998) are unable to replicate the 2SLS findings and
 question their credibility. Dezhbakhsh and Rubin (1998) note that Mustard and

 1997. Dezhbakhsh et al. (2003) employ a panel of county-level data covering the years from
 1977 to 1996. The same data are used by Shepherd (2005). Shepherd (2004) relies on panel data
 at the state level and with monthly observations. Durlauf et al. (2010) and Durlauf et al. (2012)
 employ similar data to these studies but rely on structural econometric models. Another strand
 of literature focuses on imprisonment rates. Spelman (2005) uses Texas county-level data to
 examine the effect of prison population on crime rates. Similar to Corman and Mocan (2005),
 Spelman finds evidence that public order arrests reduce property crime (counties with
 zero-tolerance and community-policing policies substantially decreased their crime rates).
 Ehrlich (1973), Levitt (1996) and Marvel and Moody (1994,1996, 1998) are other important
 references on crime and imprisonment.
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 Crime and clearance rates 487

 Lott emphasize OLS findings, which do not correct for the endogeneity of the
 arrest rate. In contrast, their research suggests coefficient estimates of arrest rates
 that are less statistically precise and smaller in magnitude than those suggested
 by Lott and Mustard.8

 Levitt (1998) exploits data across 59 cities from 1970 to 1992 and studies
 the effects of arrest rates on the following crimes: murder and non-negligent
 manslaughter, forcible rape, robbery, aggravated assault, burglary, larceny and
 motor vehicle theft. His results suggest elasticities between -0.03 and —0.319.9
 However, he cautions on his inability to control for potential endogeneity bias
 and concludes that, especially for property crime, deterrence is the most likely
 factor behind the observed negative relationship between crime and arrest rates,
 as opposed to incapacitation and measurement error.

 Shepherd (2002) uses panel data based on all 58 California counties from
 1983 to 1996 to explore the deterrent effects of that state's two- and three
 strike legislation. Her 2SLS estimates reveal that arrest rates (number of
 arrests/crimes) have a consistently negative impact on all categories of violent
 and property crime. Gould et al. (2002) focus on the effects of labour market
 conditions on crime rates, employing aggregated data at the county level be
 tween 1979 and 1997, but do include arrest rates in some specifications. In most
 cases, an increase in the arrest rate is significantly correlated with reductions in
 different types of crime. Like Levitt (1998), they also specifically acknowledge
 the difficulty of finding instruments for arrest rates. Mustard (2003) employs
 county-level data from New York, Oklahoma, Oregon and Washington from
 1977 to 1992 and finds that sentence length has little effect on crime. However,
 conviction rates have a statistically significant negative effect on crime rates, with
 coefficients on arrest rates ranging from -0.0016 to -0.012, implying a 0.16% to
 1.2% drop in crime rates in response to a 1 % increase in the corresponding arrest
 rates.

 Corman and Mocan (2005) analyze the effect of economic conditions and
 deterrence measures on crime as well and verify the validity of the "broken
 windows" hypothesis, which suggests that reduced tolerance towards minor
 misdemeanours leads to an overall reduction in crime. They employ monthly
 time-series data on crime levels (for murder, assault, robbery, burglary, motor
 vehicle theft, grand larceny and rape) in New York City from 1974 to 1999.
 Besides obtaining evidence in support of the "broken-windows" hypothesis, the
 authors find that the size of the police force has an effect only on auto theft and

 grand larceny, while the number of arrests has a statistically significant impact
 across all types of crime. The authors note that the use of monthly data reduces

 8 In a much-cited paper, Duggan (2001) uses county- and state-level data over time and finds that
 the recent decline in gun ownership explains about one-third of the decline in gun homicides
 (relative to non-gun homicides). His results suggest that a 10% increase in gun ownership
 translates into a 1.42% increase in the homicide rate the following year.

 9 Calculated as arrests divided by the number of crimes.
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 488 P. A. Curry, A. Sen and G. Orlov

 the possibility of simultaneity bias of coefficient estimates of the number of police
 officers, as it usually takes six months to hire more police officers.

 In summary, we attempt to complement the existing literature in the follow
 ing ways. First, despite early studies that clearly emphasized the importance of
 clearance rates as a measure of the probability of apprehension, we have not
 been able to locate any recent papers that econometrically investigate the effects
 of clearance rates on crime based on data across jurisdictions and over time.10
 We think that using clearance rates is important for reasons that are more fully
 discussed in the next section. Second, employing Canadian data is interesting
 given the similarities to trends in US violent and property crime observed over
 the sample period. Third, we assess the sensitivity of our estimates with instru
 mental variables. As discussed, this is a challenge that has been noted by previous
 studies, and very few have actually attempted to instrument arrest or clearance
 rates.11

 3. Trends in crime rates

 Most of our data were downloaded from CANSIM, Statistics Canada's database
 of socio-economic variables that are publicly available. Table 2 details the table
 numbers, sources and summary statistics for each variable employed in this study.
 The key variables are the number of police-reported incidents of different types
 of crimes and the number of incidents cleared for each of these categories. An
 incident is cleared when a suspect linked to the crime has been identified by the
 police. Accordingly, the empirical measure of the probability of apprehension
 that we employ is the number of incidents cleared divided by the number of
 police-reported incidents.12 We view the total proportion of incidents cleared as
 the relevant measure of apprehension because a suspect needs to be identified,
 irrespective of whether an incident is cleared by charge or otherwise.

 An alternative strategy is to use the arrest rate, which is the number of arrests
 per 100,000 of population. As discussed above, at some point, most empirical
 studies began to use such arrest rates—or the number of arrests divided by the

 10 Mastrobuoni (2013) uses detailed micro-level data on robberies and deployment of two police
 forces in the city of Milan, but focuses on the effects of local police presence on the likelihood of
 clcsring c&scs.

 11 Numerous studies (Ehrlich 1973; Thaler 1977; Mathur 1978; Craig 1987) from the 1970s and
 1980s did use either 2SLS or 3SLS in order to correct for simultaneity bias. However, it is
 difficult to assess the success of their efforts given the absence of F-test statistics and first-stage
 regression results.

 12 An incident can be cleared by charge or otherwise. A suspect needs to be arrested in order for an
 incident to be cleared by charge. There are many reasons why an incident may be cleared
 otherwise. Examples include the death of a suspect or the dropping of a charge to a less serious
 offence. We are indebted to Peter Carrington for some very insightful discussions. Please see
 Carrington and Schulenberg (2008) for further discussion on clearance rates.
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 TABLE 2  Data sources and summary statistics
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 490 P. A. Curry, A. Sen and G. Orlov

 number of crimes—as measures of the probability of apprehension. However,
 per capita arrest rates do not clearly yield a probability of apprehension because
 states or provinces with more crime are mechanically more likely to have higher
 arrests per 100,000 of population. Further, unlike clearance data, the number of
 arrests per capita of population is not linked to specific police-reported crime,
 and therefore, in our opinion, is a weaker empirical measure of the probability
 of apprehension than the clearance rate.13-14

 Statistics Canada collects data on police-reported incidents and the number
 of crimes cleared through the Uniform Crime Reporting (UCR) Survey, which
 was established in 1962. The scope of these data is comprehensive; they include
 all Criminal Code offences and other federal statutes that have been reported to
 all federal, provincial and municipal police services in Canada and that have been
 substantiated through investigation by these services. As noted on the Statistics
 Canada website, "[c]overage of the UCR aggregate data reflects virtually 100% of
 the total caseload for all police services in Canada." It is important to note that
 the number of incidents is based upon severity, and therefore, the most serious
 offence.15 Applying this concept to clearance rates means that, for example, the
 clearance of a homicide, robbery or breaking and entering receives a higher weight
 than the clearance of less serious offences such as minor theft, mischief and
 disturbing the peace.16

 It is useful to note some differences between US and Canadian crime trends.

 As discussed, figure A1 demonstrates that per capita violent crime rates are much
 higher in Canada than in the United States. However, it is important to note that
 violent crime is not defined similarly across both countries. For example, sexual
 assault in the US requires forcible intercourse by a male against a female. In
 comparison, the same offence in Canada does not require sexual penetration and
 is not gender-specific. That is one reason why Canadian crime rates seem higher
 in figure Al.17 Further, there are considerable differences in the distribution of
 crimes by offence. As shown in figures A3 and A4, murder rates in the US were
 roughly three times higher than in Canada during the 2000s and robbery rates
 were one and a half times higher in the US during the same period. On the other
 hand, although not directly comparable, forcible rape rates in the US (figure A5)
 were much lower than sexual assault rates in Canada. As discussed, this is because

 13 However, an arrest rate defined as the number of arrests divided by number of crimes obviously
 does have a direct connection to crime trends.

 14 A relevant concern is the calculation of clearance rates when crimes committed during a specific
 year are cleared during subsequent years. Our understanding from discussions with
 criminologists is that roughly 95% of all crimes are solved within the calendar year.

 15 "Police-reported crime statistics in Canada, 2011," by Shannon Brennan, available at
 statcan.gc.ca/pub/85-002-x/2012001/article/l 1692-eng.htm.

 16 See table 9-11, Police personnel in municipal police services - Yukon, 2011, in "Police resources
 in Canada" (Statistic Canada catalogue no. 85-225-X), available at statcan.gc.ca/pub/85-225-x/
 2011000/t031-eng.htm.

 17 For further details please see Gannon (2001).
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 Crime and clearance rates 491

 TABLE 3

 Pearson correlation coefficients between clearance rates, per capita police officers and crime rates
 (all in natural logarithms)

 Violent crime 1.0000
 Property crime 0.55690
 Clearance rate (violent crime) -0.12262
 Clearance rate (property crime) -0.29707
 Per capita police officers 0.29754

 SOURCE: CANSIM

 i nnnn

 o!o6996 1.0000
 -0.43087 0.51906 1.0000
 0.50426 0.19985 -0.33855 1.0000

 of the relatively broad definition of sexual assault in Canada. Finally, figures A6
 and A7 offer scatterplots of violent and property crime rates against correspond
 ing clearance rates. The graphs depict a visible negative relationship between
 crime and clearance rates, with a steeper slope for property crime.

 Are correlations between clearance rates and crime rates different from cor

 relations between clearance rates and the number of per capita police officers?
 Table 3 contains relevant Pearson correlation coefficients as well as the correlation

 coefficient between clearance rates and the number of per capita police officers,
 with all variables in natural logarithms. The correlation coefficients are consistent
 with the above graphs, revealing a -0.122 correlation coefficient between violent
 crime rates and corresponding clearance rates and a stronger correlation (-0.43)
 with respect to property crimes and clearance rates for such crimes. On the other
 hand, Pearson correlation coefficients between the number of per capita police
 officers and crime rates are positive (from 0.2 to 0.5). Further, correlation coef
 ficients between the number of per capita police officers and clearance rates for
 violent and property crimes are quite different, with a value of 0.19 for violent
 crime clearance rates and -0.34 for property crime clearance rates. At the very
 least, these simple statistics suggest that the variation in clearance rates across
 provinces and over time is different from corresponding movements in the num
 ber of per capita police officers. Therefore, assessing whether clearance rates have
 different deterrence rates in comparison to the number of police officers becomes
 a worthwhile exercise.

 4. Theoretical model

 In the Polinsky and Shavell (2000) model of crime, potential criminals make their
 decision to commit crime based on expected benefits and costs. The expected costs
 are determined by policy variables p and s, where p is the probability of being
 apprehended and convicted and s is the sanction that comes with conviction.
 Individuals will then commit crime if their assessment of the benefits, b, outweighs

 the expected costs (i.e., if b >ps for risk-neutral individuals).
 If we suppose that, for any given criminal opportunity, the benefits associated

 with crime are determined by a draw from a distribution f (b), then the probability

 Violent crime 1.0000
 Property crime 0.55690 1.0000
 Clearance rate (violent crime) -0.12262 0.06996 1.0000
 Clearance rate (property crime) -0.29707 -0.43087 0.51906 1.0000
 Per capita police officers 0.29754 0.50426 0.19985 -0.33855 1.0000
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 492 P. A. Curry, A. Sen and G. Orlov

 of a crime occurring is 1 - F(ps), where F(. ) is the associated cumulative den
 sity function. The number of crimes committed in a given time period, therefore,

 would be a function of this probability and the number of criminal opportuni
 ties per time period, N. In addition, the distribution of benefits or the number
 of criminal opportunities may depend on various demographic and economic
 variables, such as the proportion of young males, population size, economic con
 ditions and welfare transfers, among others. If we denote the vector describing
 these variables by X, then the expected number of crimes in a given period is
 jV(X)*[l - F(ps\X)}, which we call the supply of crime, S(ps, X).

 We build on this model by assuming the probability of apprehension to be
 a function of labour, /, and capital, k, so that we have p(l, k). This allows for
 the following comparative statics. First, the effect of an increase in labour on the
 expected number of crimes is given by —N*f (ps)* dp/dl*s < 0, while the effect of an

 increase in the probability of apprehension is -N*f(ps)*s<0. The model offers
 some insight into differences between examining the effect of an increase in labour
 versus the effect of an increase in the probability of apprehension. Specifically,
 it is worth noting that the difference between the two is just one additional step.
 When looking at the effects of more labour, there is an additional term in the
 comparative static -dp/dl. Intuitively, an increase in labour should result in a
 corresponding rise in the probability of apprehension.

 A key question is: How do we measure /? Policing is a skilled profession, and
 police officers vary in the amount of human capital that they have. As a result,
 the number of police officers is a noisy measure of what / is trying to capture
 in the model. An alternative is to use spending on wages and salaries paid to
 police personnel. If the labour market for police officers operated efficiently, then
 there would be reason to believe that an individual's salary would reflect their
 human capital, and expenditures would be a good measure. However, police
 officers are generally unionized, and salaries generally reflect seniority rather
 than productivity, so expenditures are also a noisy measure of /. Thus, while
 there may be measurement issues associated with looking at clearance rates as
 a proxy for the probability of apprehension, p, in the model, such measurement
 issues also exist when considering the effect of an increase in labour, / (measured
 through police officers). In addition, there are reasons to believe that incomplete
 data imply that changes in / are not holding all else fixed, meaning that any
 empirical analysis will not capture the desired partial derivative. However, this
 would not be the case when looking at the probability of apprehension.

 Consider the following example of how changes in / may occur with changes
 in other variables that are unobserved in the data. Police budgets are set on an
 annual basis, with expenditures made on both labour and capital. Therefore, once
 the budget has been set, an increase in expenditures on labour necessarily implies
 a decrease in expenditures on capital.18 As a result, changes in expenditures

 18 This is in fact how the budgetary process works in Ontario. Future budgets for police services
 are set by the municipal police services (after consultation with the chief of police services) and
 must then be approved by the municipality.
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 Crime and clearance rates 493

 on police officers in the data do not necessarily capture the partial derivative
 expressed above.

 There is supportive evidence that this is the case. Recent media coverage has
 documented the significant number of Toronto police officers who earn more than
 a $100,000 in annual income, primarily because of overtime pay.19 Therefore, it
 is unsurprising that roughly 90% of the police services budget for the City of
 Toronto is consumed by salaries and benefits.20 It is also important to note these
 trends may not be exclusive to Toronto. Figures A8 and A9 plot, respectively,
 the number of police officers per 100,000 of population and police expenditures
 (in real dollars) on salaries and wages, benefits, accommodation costs, fuel and
 maintenance across provinces and over time.21 While there are differences across
 provinces, time-series movements are comparable. The number of police officers
 declined with the observed drop in crime rates through most of the 1990s, but
 then started to increase during the following decade. On the other hand, per
 capita police expenditures (in real dollars) on salaries and wages have steadily
 increased over time for all provinces. These trends suggest that the crowding
 out of capital expenditures by an increase in wages and salaries is a distinct
 possibility.

 The model suggests other benefits from focusing on clearance rates as op
 posed to the number of police officers. Specifically, the data on the number of
 officers must be aggregated across all crimes, while clearance rates are crime
 specific. Suppose that there are J different crimes, or classes of crimes, in the
 data. Further suppose that the probability of solving crimes of type j is a func

 tion of the resources devoted specifically to them, lj and kj, so that there exists
 a crime-specific probability of apprehension function,pj(lj,kj). Finally, suppose
 that the distribution of benefits also varies across crimes, so that there are J distri

 butions, fj(b). The effect of an increase in expenditures devoted to solving crime
 j, would therefore be —N*fj(pj(lj,kj)s)*dpj/dlj, while the effect of an increase in
 the probability of apprehension for crime j is -N*fj{pj(lj,kj)s). Since data are
 not available for the amount of resources devoted to each type of crime, it is not
 possible to cleanly disaggregate crime rates into groups of crimes or individual
 crimes for regression analysis. However, this can be done with the probability of
 apprehension because we do have data for pj. Simply put, employing clearance
 rates is informative because data are available for different categories of crime,
 which may (with appropriate caveats) capture deterrence effects associated with

 resources devoted to reducing different types of crimes as opposed to estimating

 19 See "Sunshine List: More than a third of Toronto's police officers earned $100,000 in 2013," by
 Jennifer Pagliaro, published by the Toronto Star on Friday, March 7,2014, and available at
 thestar.com/news/gta/2014/03/07/sunshineJisLmore_than_a_third_of-torontos_police-officers
 earned.100000jn_2013 .html.

 20 See "Rising police budget draws few questions from councillors," by Betsy Powell, published by
 the Toronto Star on January 30,2014, and available at thestar.com/news/city-hall/2014/01/30/risi
 ng-police_budget.draws-few-questionJrom_councillors.html.

 21 The data do not allow us to specifically isolate wages and expenditures.
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 494 P. A. Curry, A. Sen and G. Orlov

 the effects of the same number of police officers with respect to different types of
 crimes.

 Finally, there may be an argument that police expenditures directly impact
 crime rates. Indeed, some papers have used reduced form regressions to estimate
 the impact of police expenditures on crime rates.22 However, we think that relying
 on estimates of expenditures on crime is not very informative and inconsistent
 with the classic Becker (1968) and subsequent models of crime, which clearly
 specify that individually rational criminals respond to incentives generated by
 changes in the probability of apprehension and severity of penalties. Changes
 in police expenditures should have an indirect effect on crime rates, conditional
 on how such spending is allocated and the marginal deterrence impacts of such
 policies.

 5. Econometric model

 We test the effects of clearance rates on different types of crime through a parsi
 monious reduced form specification comparable to recent US studies:

 In Tjt = ßo + ßiIn A"it + V^it + ftln #it +ai + Yt + £iut> (!)

 where In 7lt is the natural logarithm of the annual crime rate per 100,000 of popu

 lation of province / at time t, Xlt is our measure of the probability of apprehension,
 iritis a vector of government policies that might plausibly impact trends in crime
 rates, 0, is a vector of other time-varying demographic and province-specific fac
 tors, ajare province fixed effects and yt is a vector of year dummy variables. The
 error term, e„, is assumed to be independently and identically distributed. Most
 regressions based on this model are run with data from all 10 provinces from 1986
 to 2005.

 The focus of our study is estimating ß\, which is the coefficient estimate of
 InXj,. Hence, ß\\s the elasticity of crime with respect to apprehension and Xj,
 is measured by the number of incidents cleared by the police divided by the
 number of police reported incidents. We evaluate the sensitivity of coefficient
 estimates by including the number of police officers per 100,000 of population.
 Deterrence may also be captured by incarceration rates, and we measure these
 through the number of prisoners per 100,000 of population. In such regressions,
 observations for British Columbia are dropped because data on imprisonment
 rates are unavailable for that province.

 Province-specific policies denoted by V/, are the hourly minimum wage (in
 real dollars) and average annual government transfers (in real dollars) to the
 poorest quintile of population. The intuition is that an increase in the minimum
 wage or average government transfers acts as an income effect, which reduces

 22 Pogue (1975) is an early example. Ajilore and Smith (2010) is a more recent study. Shoesmith
 and Klein (2013) offer a nice summary of these papers.
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 Crime and clearance rates 495

 the incentive to engage in illegitimate activities. The use of Canadian data offers
 some pronounced cross-province and time-series variation in order to identify
 the impacts of social assistance transfers on crime.23 There also exists significant
 time-series and cross-province variation in the Canadian minimum wage laws
 relative to US legislation.24

 Ö, consists of covariates for the employment rate for prime-aged adults aged
 15 and over, the province population, males aged 15 to 24 years as a proportion
 of the total population, the median income of social assistance recipients and
 the total number of new immigrants per 100,000 of population. Among these
 controls, the employment rate and the proportion of young adults have been
 identified as important determinants of crime rates. Controlling for all else, a
 more prosperous economy with a higher probability of employment reduces the
 incentive to commit crimes in order to earn income. Most crimes are committed

 by young males. Therefore, a province with a higher proportion of young males
 may experience an increase in crime levels. We think that the use of these covariates

 results in empirical specifications that are comparable to models used by Levitt
 (1997, 1998).25

 In summary, we are identifying the effects of clearance rates, welfare transfers

 and the minimum wage by relying on within-province time-series variation while
 controlling for province-specific differences that are constant through time and
 year-specific shocks that are common across jurisdictions. We also evaluate the
 sensitivity of our results by running first differences regressions where all variables

 are transformed by subtracting lagged values from corresponding current values,
 resulting in growth rates. The estimable framework then becomes:

 In r„-ln rM_, =ao + ai(1n Xit - In Arii,_1)+a2(ln -In ^i, t-i)

 + a3(ln 0,/- In 0j(t-i) +yt+ £iut

 As noted by Chalfin and McCrary (2013), estimating these first-differences
 specifications is typical in the literature in order to remove noise and unobserved

 23 Sen and Ariizumi (2013) report that some Canadian provinces implemented significant
 reductions to social assistance transfers during the 1990s. In its February 1994 budget, the
 Conservative Government of Alberta specifically outlined a 19.3% cut in social services. The
 Ontario Progressive Conservative government followed Alberta's lead, slashing welfare benefits
 by roughly 22% in 1996. Perhaps more importantly, the amendments implemented through the
 Ontario Works Act (enacted in 1996) not only reduced the generosity of welfare income but also
 increased the costs to welfare participation.

 24 As documented by Sen et al. (2011), 1992 to 2005 witnessed several significant legislative
 changes, with 11 amendments to the minimum wage enacted by Quebec, nine by Nova Scotia,
 seven by British Columbia and Manitoba, six by New Brunswick, five by Saskatchewan and
 Alberta and four by Ontario. As discussed, over the sample period of our study, the minimum
 wage set by the federal government supersedes the wage set by state government for many states
 (in the US), resulting in mostly time-series variation.

 25 At the Municipal Statistical Area (MSA) level, Levitt (1997,1998) uses percent of black
 households, percent of female-headed households and percent of population aged 15 to 24. At
 the state level, he employs state unemployment rates and real per capita state and local spending
 on education and public welfare.
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 496 P. A. Curry, A. Sen and G. Orlov

 jurisdiction-specific characteristics, which are time-invariant. Differencing the
 data removes the between-jurisdiction variation but does not eliminate the po
 tential confounding effects of unobserved national specific shocks, which are
 soaked up through year dummies. Our benchmark estimates of equations (1)
 and (2) are based on OLS regressions. Following Chalfin and McCrary (2013),
 we also use GMM to estimate equation (2). The benefit of relying on GMM
 is that we are able to assess the sensitivity of our findings because GMM does
 not restrict the empirical model to a single specific parametric specification. The
 kernel and the bandwidth are chosen using the methods proposed by Newey
 and West (1987). Finally, given the long time period of the data, we also GLS
 in order to account for serial correlation. The GLS estimates are based on the

 cross-sectionally heteroskedastic and time-wise autoregressive model for pooled
 cross-sections of time series initially developed by Parks (1967). None of these
 methods accounts for endogeneity bias or measurement error. Our IV strat
 egy to tackle the corresponding bias in OLS estimates is discussed in the next
 section.

 6. Results

 6.1. Baseline estimates

 Table 4 contains empirical estimates of the effects of violent crime (columns (1)
 to (3)) and property crime (columns (4) to (6)) clearance rates on corresponding
 crime rates, controlling for other factors. Columns ( 1 ) and (3) contain results con
 ditioned on the use of covariates and province and year fixed effects; columns (2)
 and (5) evaluate the effects of adding the number of per capita police officers; and
 columns (3) and (6) include the number of per capita police officers and province
 specific trends. Panel A reports estimates based on 10 provinces from 1986 to 2005,
 panel B consists of results from the same provinces but from 1988 to 2005 in order
 to accommodate one- and two-year lagged clearance rates and panel C contains
 estimates from nine provinces between 1986 and 2005, which are conditioned on
 the use of per capita incarceration rates. Given the long time-series of the data,
 we focus on issues that are a consequence of autocorrelation and heteroskedastic

 ity. Therefore, standard errors of coefficient estimates are White and Newey-West
 corrected for second-order autocorrelation and unknown heteroskedasticity.26

 For the sake of brevity, we report only coefficient estimates of clearance rates, the
 number of per capita police officers (when employed) and incarceration rates.

 First, coefficient estimates of clearance rates are negative and statistically
 significant at the 1 % or 5% levels across almost all columns. With respect to violent

 26 Another option would be to cluster the standard errors by province. However, the number of
 provinces (10)—and therefore clusters—would be quite small. Conversations with Jeff
 Wooldridge suggest that, in such cases, using a Newey-West correction for autocorrelation may
 be a better strategy (econometrics course offered by the Canadian Economics Association
 Meetings, Ryerson University, May 26 to May 28, 2009).
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 498 P. A. Curry, A. Sen and G. Orlov

 crime, estimates of clearance rates are significant in column (1) across all panels.
 The addition of the number of police officers in column (2) removes the statisti
 cal significance of clearance rates in panels A and B. However, the inclusion of
 province-specific trends in column (3) results in statistically significant (at the 1%
 level) estimates of clearance rates across all panels with an elasticity of roughly
 -0.3. Coefficient estimates of per capita police remain positive and are signifi
 cant in all panels. Lagged values of clearance rates are, in most cases, statistically
 insignificant.27 Finally, while the coefficient estimate of incarceration rates is
 negative and statistically significant (at the 10% level) in column (1), it becomes
 insignificant with the inclusion of police officers and trends in column (3).

 Estimates in columns (4) to (6) imply that a 10% increase in the clearance rate
 for property crime is robustly correlated (at the 1 % levels) with a roughly 4% to 5%

 reduction in property crime rates. Coefficient estimates of per capita police rates
 are positive in column (5) but become negative with an implied elasticity of -0.3
 to -0.345 in column (6) (panels A and B) with the employment of province linear
 trends. However, only the estimate in panel A is statistically significant. One- and
 two-year clearance rates (in panel B) are negative and statistically significant (at
 the 5% or 10% levels) but of much lower magnitude than current clearance rates.
 Finally, the estimate of incarceration rates (in panel C) is statistically insignificant.

 In summary, the important result is the relative stability of coefficient esti
 mates of clearance rates. Clearance rates are negatively correlated with violent
 and property crime rates across all columns and also statistically significant (in
 most cases). When included in tandem with clearance rates, per capita police
 rates either do not have the correct sign or are statistically insignificant. How
 ever, coefficient estimates of clearance rates remain statistically significant and
 possess negative signs. These findings suggest that previous studies, which focus
 exclusively on the number of per capita police officers to capture the impacts of
 the probability of apprehension, may understate the overall deterrence effects of
 enforcement by police.

 Table 5 explores the deterrent effects of different measures of apprehension
 in some more detail. Specifically, column (1) contains the results of focusing on
 the effects of the per capita number of police officers on property crime in iso
 lation from other deterrence measures. Columns (2) and (3) contain results on
 the impacts of arrest rates per 100,000 of population and police expenditures per
 capita of population, respectively.28 Column (4) assesses the effects of including

 27 The inclusion of one- and two-year lagged values of clearance rates is intended to evaluate the
 possibility that information on actual clearance rates, and therefore the likelihood of
 apprehension, may take some time to reach criminals before they take them into account in their
 cost-benefit decisions.

 28 Data on provincial expenditures on police services are available from the Police Administration
 Survey conducted by Statistics Canada. For further details of this survey, see
 www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3301. The Police
 Administration Survey collects data on police personnel and expenditures from each municipal,
 provincial and federal (RCMP) police service in Canada. As detailed by Hutchins (2014), police
 expenditures are actual operating expenditures on salaries and wages, benefits, accommodation
 costs, fuel, maintenance and so forth. Unfortunately, capital expenditures are not included.
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 500 P. A. Curry, A. Sen and G. Orlov

 all these measures. Columns (5) to (8) are similarly organized and contain esti
 mates of apprehension measures with respect to violent crime.

 Broadly speaking, the results in table 5 are similar to corresponding estimates
 in table 4. The coefficient estimate of the number of police officers with respect to
 property crime is negative and statistically significant (at the 10% level) in column
 ( 1 ) but becomes insignificant in column (4) with the inclusion of other measures of

 apprehension. The arrest rate covariate is statistically significant (at the 1% level)
 in columns (2) and (4) but positive. Per capita police expenditures are negatively
 associated with property crime but statistically insignificant. On the other hand,
 the coefficient estimate of clearance rates (in column (4)) possesses a negative sign
 and is statistically significant at the 1% level. The coefficient estimate of -0.49 is
 comparable to results in table 4. Higher clearance rates are also correlated with
 a reduction in violent crime rates (at the 1% level). Coefficient estimates of arrest

 rates and the number of police officers are statistically significant but possess
 counterintuitive signs. The per capita police expenditure covariate is significant
 in column (7), but becomes statistically insignificant with the inclusion of other
 measures of apprehension.

 A relevant question is whether these estimates are comparable with the US
 based estimates. Our results with respect to the effect of arrest rates and clearance
 rates on violent crime cannot be compared because many US studies obtain
 coefficient estimates with negative signs while our regressions reveal arrest rates
 with positive coefficients. However, our coefficient estimates of the number of
 police officers with respect to property crime are consistent with the -0.5 elasticity
 obtained by Levitt (2002) and a bit larger than the preferred estimate of -0.17
 reported by Chalfin and McCrary (2013). Further, our estimates of the effects of
 an increase in clearance rates are comparable to those obtained by Craig (1987)
 with respect to all crimes. As discussed, there is very little empirical research on
 the effects of clearance rates.

 In summary, coefficient estimates of clearance rates remain robust and
 statistically significant even after the inclusion of other plausible measures of
 apprehension. Given the presence of either weak statistical significance or coun
 terintuitive signs, we do not use per capita arrest rates, the number of police
 officers or per capita police spending as covariates in further regressions. This
 strategy allows us to focus on obtaining robust estimates of the impacts of clear
 ance rates. However, we acknowledge that omitting these plausible measures of
 apprehension might induce some bias in coefficient estimates of clearance rates,
 the magnitude of which is a function of the correlation between these measures
 and clearance rates. Therefore, coefficient estimates of clearance rates should not

 be interpreted as causal relationships and should be treated with appropriate
 caveats. Further, we do not employ province-specific linear trends in the remain
 ing regressions because coefficient estimates of clearance rates remain relatively
 stable after their inclusion (with other covariates and province and year fixed
 effects). This allows the other covariates to be identified by time-series variation
 within provinces.
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 Crime and clearance rates 501

 Table 6 evaluates the sensitivity of coefficient estimates of clearance rates
 through alternative estimation strategies. Columns (1) to (3) contain estimates
 with respect to violent crime. Column (1) contains OLS first differences esti
 mates based on equation (2); column (2) reports the results of GMM estimation
 based on equation (2); and column (3) contains results from a GLS regression
 based on equation (1). Columns (4), (5) and (6) are organized similarly, but with
 respect to property crime rates. Broadly speaking, the estimates are quite compa
 rable to results in the previous table. The coefficient estimate of the clearance rate

 with respect to violent crime from the first differences model is -0.126 and statis
 tically significant at the 10% level. Corresponding GMM and GLS estimates are
 -0.241 and —0.244, respectively, and statistically significant at the 5% and 1%
 levels, respectively. Coefficient estimates of the effects of clearance on property
 crime rates are also significant (at the 1% level) and range from —0.3 to —0.6. In
 terms of other covariates, levels and GLS estimates of the minimum wage with
 respect to violent crime are negative and statistically significant at the 1% and
 5% levels. While GMM and GLS estimates of the minimum wage with respect to
 property rates are significant, they possess counterintuitive positive signs. First
 differences and GMM estimates of employment rates are negative and significant
 with respect to property crime but possess implausibly large coefficient estimates.

 6.2. Endogeneity bias and instrumental variables
 Reduced form estimates are premised on the assumption that changes in clear
 ance rates exogenously impact crime trends. However, as discussed above, OLS
 estimates are likely to be biased because of reverse causality. It might very well
 be the case that increases in crime result in public pressure for rapid arrests of
 perpetrators. In that case, OLS estimates of clearance rates will be biased and
 confounded. There are other possible sources of bias in estimates of the true im
 pacts of clearance rates. First, the number of police-reported incidents enters the
 left- and right-hand side of the econometric model. This is similar to the classic
 measurement error noted by Borjas (1980) with respect to estimating the effects
 of average weekly (or annual) wages on weekly (or annual) hours of work. The
 problem is that hours of work enter both the right- and left-hand side of the
 equation, resulting in a downward bias in coefficient estimates of the effects of
 changes to average wages. Second, another type of measurement error arises from
 the fact that some crimes are not reported to the police, which means that clear
 ance rates overstate the true probability of apprehension. Therefore, estimates of
 the effects of the clearance rate on crime will be upward biased with regards to the

 true crime rate, but accurate for the recorded crime rate. Third, as explained by
 Cook ( 1979), coefficient estimates of clearance rates may also be biased if rational

 criminals respond to an increase in clearance rates by committing crimes that are
 more difficult to solve.

 In order to evaluate the magnitude of bias in OLS estimates, we construct
 political party dummy variables as well as instruments based on the proportion
 of seats held by different parties, which can arguably identify trends in clearance
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 £ 2 Mf u a. >■ < TABLE 6  First differences, GMM and GLS estimates with respect to violent and property crime rates: Province-year data 1986-2005
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 Crime and clearance rates 503

 rates and not be correlated with the right-hand side error term of equation (1).
 The intuition is that changes in the governing party at the province level might
 impact the allocation of resources to law enforcement agencies. This approach is
 consistent with Besley and Case (2000), who suggest that variation in political
 variables can exogenously identify trends in policy variables and not have any
 impact on the outcome of interest. The use of political variables as instruments
 is also comparable to the strategy used by Levitt (1997), who relied on variation
 in mayoral and gubernatorial electoral cycles to instrument police rates.

 The presence of similar parties allows us to create the same political party fixed
 effects across provinces. The major political parties in most Canadian provinces
 are similar: the Liberal Party, the Conservative Party and the New Democratic
 Party. In addition, British Columbia has the Social Credit Party, and the Parti
 Québécois is a major political force in Quebec.29 Therefore, we construct three
 dummy variables that take a value of 1 if one of the major political parties (Lib
 erals, Conservatives or NDP) is in power. Hence, the omitted category is the
 presence of a ruling political party that does not have a national presence. As men
 tioned, we also construct instruments based on the proportion of seats held by
 each party.30 These variables are intended to reflect the ease with which governing
 parties can implement policy reforms and corresponding changes in government
 spending. A greater proportion of legislature seats might imply that a political
 party with a "tough on crime" agenda will have greater flexibility in increasing
 government spending on specific anti-crime policies at the expense of reduced
 expenditures on other items. We also use three- and four-year lagged clearance
 rates that may impact trends in clearance rates but do not share a statistically sig
 nificant relationship with current crime rates. We interact these lagged clearance
 rates with each of the political party dummy variables as a crude proxy for varia
 tion in clearance rates generated by changes to political regimes that might result
 in shifts in provincial funding. Finally, consistent with our theoretical model, we
 employ police expenditures as another instrument that should impact trends in
 clearance rates.31 Given the ambiguities of empirically defining per capita police
 expenditures, we define per capita expenditures in terms of population and the
 number of police officers.32

 Table 7 contains first- and second-stage estimates from a variety of instrumen
 tal variables regressions. Columns (1) to (5) document estimates with respect to
 violent crime while columns (6) to (10) report corresponding results for property

 29 In terms of ideology, the Conservatives are considered by most to be on the right end of the
 political spectrum, the Liberals are positioned at the centre left, and the NDP is on the far left.

 30 Information on the governing political party and the number of seats held by each party was
 obtained from the websites of the legislative assemblies of each province, the Social Credit Party
 and the Parti Québécois.

 31 We are grateful to an anonymous referee for recommending this.
 32 Employing police expenditures as an alternate instrument is also a useful sensitivity check, given

 the possibility that changes in the governing political party or the seats held by it could
 indirectly affect crime rates because a different party might result in significant shifts in areas
 that affect crime, such as employment, public housing and education policies. We thank an
 anonymous referee for pointing this out.
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 crime. Panel A (B) contains first-stage (second-stage) results. Columns (1) and (6)
 in table 6 contain estimates of the effects of clearance rates using political party
 dummies as instruments. Results in columns (2) and (7) are from an estimable
 model in first differences with second stage IV estimates based on political party
 dummies and political party dummies interacted with three- and four-year lagged
 clearance rates. Columns (3) and (8) report results from a regular log-log model
 with second-stage results identified by political party dummies and police ex
 penditures per capita of population as instruments. Columns (4) and (9) contain
 results obtained from adding the proportion of seats held by political parties as
 instruments (in addition to political party dummies and police expenditures per
 capita of population). Finally, estimates from employing political party dummies
 and police expenditures per 100,000 of police officers as instruments are detailed
 in columns (5) and (10).

 The availability of multiple instruments allows us to conduct tests of over
 identifying restrictions and evaluate the sensitivity of findings to the use of dif
 ferent instrumental variables. Results from standard Sargan and Hansen tests
 of over-identifying restrictions yield test statistics that do not reject the null hy
 pothesis of over-identification.33 With the exception of property crime clearance
 rates instrumented by political party dummies (column (6)), we can reject the
 null hypothesis (at the 1% level) that the coefficient estimates of instruments are

 equal to zero. However, in all cases, the F statistic from the joint test of statistical
 significance of all instruments is less than 10 in value.

 Instrumental variables estimates are quite similar to the above reduced form
 estimates. Second-stage coefficient estimates of clearance rates on violent crime

 (in panel B) range from -0.5 to -0.7 and are statistically significant at the 1% or
 10% levels. With the exception of column (6), second-stage coefficient estimates
 of clearance rates with respect to property crime are roughly from -0.3 to -0.7
 and are significant at the 1% level. Another key point is the statistical significance
 and the negative sign of coefficient estimates of per capita police expenditures
 across all columns and irrespective of whether police expenditures are measured
 per capita of population or per 100,000 of police officers. Coefficient estimates
 of per capita police expenditures range from roughly -0.4 to -0.6 and imply
 that an increase in such expenditures is associated with lower clearance rates for
 violent and property crimes.

 While a negative relationship may seem odd, we suspect that it is driven by
 either an inability to measure capital expenditures or by the fact that expendi
 tures may be a poor measure of quality units of labour, as discussed earlier.34

 33 These are available on request.
 34 In particular, the latter may cause this negative relationship because our sample period covers

 the tail end of a 30-year increase in crime levels and most of the current 20-year decline in crime.
 We thus have, in our sample, police forces that have gone through extensive hiring booms and
 generally cannot let officers go due to strong unions. The result is aging police forces that get
 more expensive without necessarily getting more productive.
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 506 P. A. Curry, A. Sen and G. Orlov

 For example, if a higher proportion of a police force's budget is being devoted to
 salaries and wages, this implies less spending on capital expenditures. At some
 point, it is possible that diminishing returns set in, and any incremental increase in
 the marginal deterrence gained from more spending on wages and salaries is out
 weighed by the decline in deterrence associated with the corresponding decrease
 in relative spending on capital expenditures. From an empirical perspective, the
 result is negative signs of coefficient estimates of the effects of spending on wages
 and salaries and variable cost items (such as fuel expenses).

 There may be concerns that the use of police expenditures as an instrument
 is invalid because of potential simultaneity between crime or clearance rates and
 police expenditures. An increase (decrease) in crime (clearance) rates may result
 in public demand for higher government expenditures on police services. To as
 sess this possibility, we ran three-stage least squares regressions assuming the
 following: in the third stage, crime rates are functions of clearance rates; in the
 second stage, clearance rates are identified by police expenditures per capita; and
 in the first stage, police expenditures are identified by the political party dummies
 and the share of seats held by political parties. Relative to our earlier instrumen
 tal variables approach, we now evaluate whether changes in government and/or
 in the distribution of seats among political parties impact spending on police
 services.

 Our results remain largely unchanged.35 In the first stage, the coefficient es
 timates of the political variables with respect to per capita police expenditures
 are statistically significant, with an F statistic and P value (from a joint test of
 significance) equal to 2.72 and 0.015, respectively. The impact of police expen
 ditures on clearance rates has already been discussed. The third-stage coefficient
 estimates of clearance rates with respect to violent and property crime are -0.633
 and -0.308, respectively, and statistically significant at the 1% and 10% levels,
 respectively.36

 In summary, we do not claim that the IV estimates are successfully purged
 of reverse causality or measurement error. However, as discussed above, this
 is an extremely difficult accomplishment, and very few papers in the literature
 have actually attempted some type of correction. The relative similarity between
 OLS and IV estimates suggests that potential bias in OLS estimates of clearance
 rates may not be significant. However, it is also important to acknowledge that
 IV estimates are biased towards OLS estimates when multiple instruments are
 weak.37 As a consequence, it is prudent to treat our findings with appropriate
 caution.

 35 Each of the three regressions have the minimum wage, average government transfers,
 employment rates, population, the proportion of young males aged 15 to 24, the number of new
 immigrants per 100,000 of population, average income of welfare recipients and province and
 year fixed effects as right-hand side variables.

 36 All these estimates are available on request.
 37 We are very grateful to an anonymous referee for pointing this out. An excellent exposition of

 this point is available from "Weak Instruments - EC533: Labour Economics for Research
 Students" by Jörn-Steffen Pischke, available at econ.lse.ac.uk/staff/spischke/ec533AVeak.IV.pdf.
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 TABLE 8

 OLS estimates with respect to violent and property crime rates: Province-year data

 Violent crime Property crime Violent crime Property crime
 difF.-in-difif. (1) diff.-in-diflr. (2) 1990-2001 (3) 1990-2001 (4)

 Clearance rate (per incident) -0.215 (0.133) -0.557 (0.097)a -0.398 (0.148)a -0.446 (0.06)"
 Clearance rate (per incident) -0.112 (0.181) -0.066 (0.051)

 * year dummy 1990-2001
 Province fixed effects Yes Yes Yes Yes
 Year fixed effects Yes Yes Yes Yes
 Adjusted R-squared 0.9296 0.9641 0.9383 0.9756

 Violent crime Property crime Violent crime Property crime
 difF.-in-difT. (1) difif.-in-diflf. (2) 1990-2001 (3) 1990-2001 (4)

 Clearance rate (per incident) -0.215 (0.133) -0.557 (0.097)a -0.398 (0.148)a -0.446 (0.06)"
 Clearance rate (per incident) -0.112 (0.181) -0.066 (0.051)
 * year dummy 1990-2001

 Province fixed effects Yes Yes Yes Yes
 Year fixed effects Yes Yes Yes Yes
 Adjusted R-squared 0.9296 0.9641 0.9383 0.9756

 NOTES: Results in columns (1) and (2) are based on data for 10 provinces from 1986-2005 (200
 obs.). Estimates in columns (3) and (4) are based on data for the same provinces from 1990-2001(110
 obs.). Standard errors are White and Newey-West corrected for second-order autocorrelation. Other
 covariates that are not reported but are included in all regressions are the minimum wage, average
 government transfers, employment rates, population, the proportion of young males aged 15 to 24,
 the number of new immigrants per 100,000 of population and average income of welfare recipients.
 With the exception of fixed effects, all variables are in natural logarithms. Superscripts a, b and c refer
 to statistical significance at the 1%, 5% and 10% levels, respectively.

 Finally, table 8 offers some further sensitivity analyses through models de
 signed to evaluate whether changes in clearance rates during the 1990s possessed
 different marginal impacts relative to other years in our sample. The motivation
 of this exercise is to investigate whether clearance rates might be one of the con
 tributing factors behind the significant decline in crime rates observed during the
 1990s.38 Columns (1) (violent crime) and (2) (property crime) contain difference
 in-differences regressions based on the entire sample (1986 to 2005), with an
 additional clearance rate covariate interacted with a dummy that takes a value
 of 1 for all observations from 1991 to 2000 and is 0 otherwise. The coefficient

 estimate of this dummy variable reflects the marginal effect of clearance rates
 during this time period relative to other years. Columns (3) (violent crime) and
 (4) (property crime) are based on an alternative approach in which regressions
 are based on a reduced sample (1991 to 2000) during which significant reductions
 in crime were observed.

 Consistent results emerge across columns. The coefficient estimate of the clear
 ance rate interacted with the year dummy with respect to violent crime (column
 (1)) is statistically insignificant, while the coefficient estimate of the violent crime
 clearance rate in column (3) is statistically significant but not that different in

 magnitude from estimates in table 4. The interacted term with respect to prop
 erty crime (in column (2)) is negative but statistically insignificant. The coeffi
 cient estimate of the property crime clearance rate in column (4) is negative and
 statistically significant and quite comparable to previous results. In summary,
 while these results offer further evidence on the importance of clearance rates,
 we cannot conclude with certainty that they were a significant determinant of the
 observed decline in crime during the 1990s.

 38 Levitt (2004) cites increased police hiring as one of the factors but does not mention clearance
 rates.
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 7. Conclusion

 Relative to the vast literature on crime and the effects of more police officers, the
 number of studies that have focused on the effects of clearance rates on crime

 is quite limited. This is unfortunate, as we think that the clearance rate is a
 reasonable approximation of Becker's probability of apprehension. Indeed, early
 empirical studies on crime and deterrence focused on the effects of clearance
 rates rather than changes to the size of a jurisdiction's police force. We evaluate
 the importance of clearance rates with respect to crime by using data across
 Canadian provinces from 1986 to 2005. The use of Canadian data is informative
 from a general perspective, given the correlation between US and Canadian crime
 rates over time. Exploiting Canadian data is also useful given that penalties for
 Criminal Code offences are set at the federal level, yielding some reassurance
 that estimates of the impacts of clearance rates are not biased by variation in
 local penalties, which reflect changes to the severity of penalty rather than the
 probability of apprehension. Finally, we note that Canada did not experience the
 adverse consequences associated with the crack cocaine epidemic that occurred
 over the sample period.

 In terms of other contributions, we develop a simple model that links labour
 and capital to the probability of apprehension and the incentive to commit crime.
 The model allows us to construct instruments, such as per capita police expen
 ditures that proxy effective labour units of policing and enable us to assess the
 sensitivity of OLS estimates. OLS, GMM, GLS and IV estimates yield very com
 parable results. All else being equal, an increase in the clearance rate is correlated
 with a reduction in crime; marginal effects are higher with respect to property
 crime rates. These results are robust to the use of police force size and a wide
 array of other covariates, fixed effects and provincespecific linear trends. How
 ever, the similarity between the IV and OLS estimates might be an artefact of the
 relative statistical weakness of multiple instruments. Hence, our estimates should
 be treated with suitable caveats.

 Further, our IV estimation has been conducted only with respect to clear
 ance rates and ignores potential endogeneity bias in coefficient estimates for
 other covariates, such as the number of police officers (one measure of labour).
 Therefore, we cannot say that higher arrest rates or hiring more police offi
 cers does not result in lower crime rates. It is possible that these other mea
 sures of apprehension are significantly associated with lower crime rates and
 that we have been unsuccessful in purging coefficient estimates of endogene
 ity bias. Given these caveats, we interpret the consistent statistical significance
 of clearance rates as cautious evidence of the importance of the probability of
 apprehension, but with the possibility of bias, taking into account the results
 with respect to other measures of apprehension. In future research we hope to
 better understand the reasons for the positive correlation between crime and
 per capita police rates, possibly through the use of more structural methods of
 estimation.
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