Division of Economics 

AJ Palumbo School of Business Administration

Duquesne University

Pittsburgh, Pennsylvania

A PANEL ANALYSIS OF DEMOGRAPHIC CHARACTERISTICS ON U.S. STATE TRAFFIC FATALITY RATES: 1994 to 2006
Margaret Inden

Submitted to the Economics Faculty

in partial fulfillment of the requirements for the degree of 

Bachelor of Science in Business Administration in Economics

December 2, 2008
Faculty Advisor Signature Page


Pavel Yakovlev, Ph.D.                                                                                                    

Assistant Professor of Economics

A PANEL ANALYSIS OF DEMOGRAPHIC CHARACTERISTICS ON U.S. STATE TRAFFIC FATALITY RATES: 1994 to 2006
Margaret Inden, BSBA
Duquesne University, 2008
Abstract

Traffic fatality rates have always been a great concern to policy makers.  Policies such as seat belt regulations, speed limit shifts, alcohol regulations, and allotments of federal spending on roadway infrastructure and maintenance have been implemented with the intention to provide safer roadways.  While the policies for safer roadways may be beneficial to the entire nation, there are certain state specific demographic and geographic characteristics that are offsetting to the beneficial effects of the policies. In this study, I test the impact of certain demographic and geographic characteristics on the rate of traffic fatalities to determine which factors counteract the beneficial effects from policies and regulations that promote safer roadways.
The results of this analysis affirm this hypothesis and conclude that population characteristics play a major role in determining the traffic fatality rate.  The regression results presented in this paper help explain the large variation in traffic fatalities across states and time.    
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I.  Introduction 
Traffic fatalities
 are the leading cause of death in the United States among people between the ages of 1 to 34 years old (Center for Disease Control, 2007).  In the United States at large, traffic fatalities have increase by 3.4% per capita from the year 1994 to 2006.
  This is an alarming statistic because over that given time frame, multiple laws and regulations have been passed in the U.S. with the specific intention to diminish the traffic fatality rate.  These laws include anywhere from drinking and driving regulations (BAC .08 law, alcohol checkpoints) to forcing safer driving habits (seat belt laws, speed regulations).  Over the same 12 year period, the traffic fatality rate in both Nevada and Rhode Island has increased by at least 27%.  For these exceptionally negative traffic fatality results, there are also exceptionally positive ones.  States such as Minnesota and Michigan have seen a decrease in the traffic fatality rate by over 24% in the same time period.   This study investigates whether government policies can counteract the growing traffic fatality rate and demographic and geographic factors that drive it.  One of the major governmental combatants of traffic fatalities are seat belt laws.  In 1996, the government set a goal to increase seat belt usage in the US from 68% to 85% by 1997 (Cohen and Liran,2003).  This strong push for increased seat belt usage is due to the estimates that seat belts are 45% to 60% effective in reducing traffic fatalities (Kahane, 2000).  One of the implemented regulations is the Primary Seatbelt Law, which states that an officer can pull over and issue a citation to a vehicle for merely persons within the vehicle not wearing their seatbelts.  A Secondary Seatbelt Law allows law enforcements to issue a citation for a seatbelt violation only after the driver has been issued an initial citation for another traffic violation 
( NHTSA, 2008).  All states within the US have enacted either a Primary or Secondary Seat Belt law except for New Hampshire.

However, there exists a seatbelt safety counter argument claiming that seatbelts should have no effect on traffic fatalities.   Peltzman’s (1975) Compensation Behavior Theory states that people have  an optimal level of risk they will undertake and will be willing to counteract the increase in safety from seatbelts by driving more aggressively. and when a task becomes inherently safer they compensate by performing the would-be safe behavior in a riskier fashion.  This leads to an increased traffic accidents and fatalities despite  the increased seat belt use.

Another source of control for traffic fatalities is both alcohol consumption and drinking and driving regulations.  According to Evans (1991) alcohol is the largest contributing factor in fatal vehicle crashes.  In 1996, alcohol was responsible for around 38% of traffic fatalities (Royal 2000).  Many states have enacted an illegal BAC (blood alcohol content) law which is, “an illegal per se law that makes it an offense in and of itself to drive with a blood alcohol concentration (BAC) measured at or above the established legal level, whether or not the driver or operator exhibits visible signs of intoxication” (NHTSA, 2008).  In March of 1998, the US senate approved a transportation appropriation bill that would withhold federal highway funds to states who did not adopt the .08 BAC limit
 (NHSTA).  This bill was protested against and eventually reversed because advocates against the new law, including the restaurant and alcohol industry, argue that it punished responsible social drinkers who pose no threat to others (Pianin, 1998).  Despite the protests, by 2005 all states had adopted a BAC law of .08 or lower (Insurance Institute of Highway Safety, 2008).  The general effectiveness of BAC laws is hard to measure because usually the year a BAC law is adopted, it is paired with an administrative license revocation law (Dee, 1999).

Another drinking regulation passed prior to the maximum BAC law, was the Uniform Drinking Act of 1984.  This act provided strong incentives for states to create more stringent drinking laws.  Incentives such as withholding of Federal Highway funds were use to encourage states to pass a minimum legal drinking age of 21 and by 1998 all states had adopted a minimum legal drinking age of 21 (C. J. Ruhm, 1996; Dee 2001).

State funding for the improvement of road infrastructure is also a technique used to reduce traffic fatalities.  General traffic engineering theory states that “newer” and “safer” roadways lead to reduced fatalities (Noland, 2002).  Such roadway improvements can include increasing lane width to decrease congestion or increasing the number of lanes to decrease the probability of a head on collision.  Conversely, the decreased congestion created by increasing the number of lanes on a road could lead to cars traveling at a faster pace, increasing the probability of either losing control of the vehicle or getting into a more severe wreck than if there was more congestion.  The dangers associated with road improvements have the probability of negating each other.   
Outside of policies, gasoline prices have been identified to have reducing effect on the traffic fatality rate.  Over the 1990’s in the US there was a decline in real gasoline prices which may have partially accounted for an increase in traffic fatalities (Grabowski and Morrisey, 2004).  As gasoline prices fall, people choose to drive more and face a higher probability of dying in a traffic accident. A theory by Gayer (2004) suggests that in the long run, lower gas prices may switch consumer preference to larger, less fuel efficient cars.  While these cars have the capability to reduce the risk of a traffic fatality for those within the car, they can increase the fatality risk of those driving other vehicles; a negative externality. Since gasoline prices can vary between 15 to 20 cents across states, this can also lead to varying effects on traffic fatalities across states 
(EIA, 2002).

Some economic variables have also been found to have a significant relationship with traffic fatalities.  There are two competing points of view on how economic conditions may affect traffic fatalities.  In times of economic hardship, the psychological effect from the increased stress can lead to self-medication through drinking as well as an increased level of risky behavior when driving (Brenner and Mooney, 1983). This theory assumes an increase in traffic fatalities during a recession.  An alternative point of view argues that drinking, gasoline, and driving are normal goods the demand for which increases as income increases. (Skog 1986, Wagennar and Streff, 1989).  as Alternatively, as unemployment rises and income levels decline, traffic fatalities should decrease (especially alcohol-related fatalities).

This paper differs from previous research in that it uses a more extensive set of control variables and a larger panel of 50 U.S. states from 1994 to 2006.  This larger panel allows for a better utilization of fixed effects and more reliable results.   This paper focuses on the demographic and geographic factors (annual rainfall)  that may offset the recent policies that aim to reduce traffic fatality rates.

II. Literature Review 

Previous research on the adoption of seat belt laws focuses on the different beneficial impacts on reducing traffic fatalities.  A study done by Cohen and Einav (2003)  looks at the effectiveness of mandatory seat belt laws in increasing seat belt use and the effect of increased seatbelt use on traffic fatalities.  Cohen and Einav (2003) find that the adoption of either primary or secondary seatbelt laws increase seat belt usage among the population.  They also find that primary seat belt laws increase seat belt usage by 22% while secondary enforcement only increases seat belt usage by 11%.  Through an alternative regression with defined variables which represents time elapsed since the seat belt laws were passed, the study also found that the effects of both primary and secondary seat belt laws are immediate and permanent.  It was also determined that the age enforcement on who is required to wear the seatbelt under the law is not significant in increasing seat belt usage.  These seat belt laws were used as proxies to seat belt usage because seat belt laws do not directly affect traffic fatalities.  It was determined that a 1% increase in seatbelt usage saves approximately 136 lives.  Cohen and Einav (2003) also argue against Peltzman’s (1975) compensation behavior theory and find that the use of seat belts makes the driver more conscious of safety issues and thereby induces them to drive more carefully.
  They also argue that in order for Peltzman’s theory to be tested correctly, seat belt usage should be regressed on the number of traffic accidents and not on the fatality rate.

A study completed by Beck et al (2007), looks at seat belt usage based on socio-demographic characteristics.   Using a log-linear regression model and data collected from the 2002 Behavioral Risk Factor Surveillance System, they find that primary seat belt laws had a greater effect on socio-demographic groups than secondary seat belt laws.  They determined that males who were generally categorized as younger, less educated, and had a lower level of income were less likely to wear a seat belt than their counterparts.
  The results their study found that men in primary seat belt law states reported greater seat belt use by 12%, compared with men in secondary states.  This result also holds true with women, who reported 9% higher seat belt usage in primary states than those in secondary.  Beck et al., also point out that residents in primary states are more likely to be white (80% vs. 60%) and have a lower Hispanic population (7% vs 17%), which may play a partial role in determining seatbelt use excluding the impact of a seat belt law.
Studies regarding alcohol related policies have been much less conclusive than those regarding seat belt legislation and vehicle related fatalities.    A study by Young and Likens (2000) analyzes the relationship between motor-vehicle fatalities and alcohol taxes and prices as well as various drinking laws.  Within their study they created four difference models
.  Within the four models, the beer tax variable remained insignificant at a 10% level
.  It was theorized that the insignificance was due to a possible high correlation with other independent variables.  After dropping the variables with high correlations, both beer tax and price remained insignificant.  A study done by Ruhm (1996) which analyses the impact of beer taxes and other alcohol control policies on motor vehicle fatalities, found similar results to Young and Likens on beer tax.  In Ruhm’s regressions, he found the real beer tax variable to be extremely volatile, and would vary with the inclusion or disclusion of certain variables.  Ruhm does not use beer prices in his regressions for two reasons: the first is that tax rates are set by policy makers while beer prices are not, and beer prices are an interaction of supply and demand while taxes are relatively unaffected.  In his study, he suspects that one of the reasons beer taxes are insignificant is that from the year 1951 to 1991 the nominal beer tax rate remained fixed, which means that the real tax rate fell by four-fifths over that same time period.
  

Another policy with controversial effectiveness results is the minimum BAC law.  A study done by Foss, Stewart and Reinfurt (1998) on BAC laws in North Carolina, found these laws to be minimally effective because the reduction in alcohol related fatalities was part of a long term trend which began before the initiation of the law.  This study was exclusively a time series analysis of BAC laws in North Carolina, which creates a basis of the possible effectiveness of these laws in other states.  A study by Dee (2008) arrived at different results than those found by Foss et al. (1998).  Dee found minimum BAC laws to be statistically significant at a 1% level in all of his semi-logged models.  The results of these models show that as the robustness of the model changes, so does the impact of the BAC law on traffic fatalities.  The more robust models lower the impact of a BAC law by up to 27%.

A less explored area of study in relation to traffic fatalities is its link to road infrastructure.  Noland (2002) used total lanes miles, the average number of lanes for alternative road classes, the lane widths for alternative road classes, and the fractional percent of each road class within a given state to proxy for changes in road infrastructure to regress on the traffic fatality rate.  The engineering hypothesis states that “improvements” in road infrastructure should enhance the safety of the roadways and reduce fatalities.  A study done by Vogt and Bared (1998) yielded results which support the engineering theory, concluding that increasing lane widths as well as designing roads with less horizontal curvature reduce the total vehicle crashes.  The results show a small yet statistically significant positive correlation between “safety improvements” in road infrastructure and traffic fatalities. The results from Noland’s (2002) study finds counter-intuitive results to both the engineering theory and Voget and Bared’s research: a statistically significant positive relationship between improvements in road infrastructure and traffic fatalities.

A study done by van Beeck et al. (1991), provides an analysis of geographic and socio-demographic characteristics on traffic accidents and mortality in the Netherlands.  This study comes closest to the focus of this paper because of this paper’s interest in the impacts of demographic characteristics on traffic fatalities.  This Netherlands study finds an inverse relationship between the degree of urbanization and traffic fatalities.  A hypothesized explanation for this result is increased accessibility to quality medical care in more urbanized areas.  Interestingly, the proportions of Roman Catholics within the population have a positive effect on traffic fatalities, although it has the highest significance on bicycle fatality accidents.  As in many other studies, they find per capita income to be positively correlated with traffic fatalities and the unemployment rate to be negatively correlated.  

III.  Methodology

A.  Data

The data for the number of traffic fatalities per state comes from the Fatality Analysis Reporting System (FARS).  Data on traffic fatalities is only available for the years from 1994 to 2006.    The traffic fatality rate used throughout this paper is defined as the number of traffic fatalities per 1,000 persons within the population, where:
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The data on population was collected from the U.S. Census Bureau.

The data on primary seatbelt laws is from the National Highway and Traffic Safety Administration.  The primary seat belt law is transformed into a dummy variable; 1 for the year it was implemented and all years after it are still in effect and zero for all times before that date.  Secondary seat belt laws were also obtained from the same source and are transformed into a dummy variable; 1 for the year it was implemented and all years it was in effect and zero for all years prior to the laws implementation or the years which a Primary seat belt law was in effect.  The variable for seat belt use is measured as the percentage of passengers and drivers who report wearing a seat belt while driving or inside of moving vehicle.

Data on maintenance and highway services on state roadways was obtained from the Federal Highway Administration. Maintenance and highway services is an aggregate measure of disbursements of state funds for the purpose of maintenance towards all roads eligible for federal aid (all arterials, urban collectors, and rural major collectors) as well as other roads an streets as defined by the Federal Highway Administration (http://www.fhwa.dot.gov).  This variable is measured in thousands of dollars.  Also obtained from the Federal Highway Administration is the data on vehicle miles per capita traveled by persons over the age of 14.  I obtained data on state speed limit regulations for both urban and rural roadways from the Insurance Institute for Highway Safety.  Both urban and rural interstates are classified based on population density of the area. As defined by the Census Bureau, “urban sections are within a census area with an urban population of 5,000 to 49,999 or within a designated urbanized area with a population of 50,000 or greater”.  Prior to 1995, the national speed limit maximum was set at 55 mph with few exceptions (Alaska, Hawaii, Maine).  After 1995, the National Speed Limit Law was repealed (Grabowski and Morrisey, 2004).

I obtained the demographic variables of income per capita, median age of the state population, percentage of the population residing in urban areas, and state population from U.S. Census Bureau.  I transformed the state population variables into population growth, where:
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I also obtained the property crime rate per capita of each state.  This variable was created by taking the property crime rate of each state as recorded by the Disaster Center and dividing it by the state’s population at that time.  I obtained the state unemployment rate from EconStat.  Total alcohol consumption per capita was obtained from the Brewer’s Almanac.  Alcohol consumption per capita is based on total yearly ethanol consumption of the population aged 14 and over.  State motor fuel prices were obtained from the Energy Information Administration.  Gasoline prices are defined as the nominal price per Million Btu.  Using the Consumer Price Index and base year of 1994, all motor fuel prices were converted to real values.

B.  Model

Primary and secondary seat belt laws are defined as separate dummy variables: one for the adoption and enforcing of the law, zero for other.  The dummy variables are not weighted over time because a study done by Cohen and Einav (2003) states that the effects of either type of seat belt law to be immediate and permanent.   Building off of work by Evans and Graham (1991), I also include variables that state the maximum speed limit by law for urban and rural interstates.  Using Grabowski and Morrisey’s (2004) study on gasoline prices and their impact on traffic fatalities, I use the real price of gasoline by state, converted using the CPI with a base year of 1994.  

Building on a study done by Noland (2002) on the effects of improvements in road infrastructure on traffic fatality rates, I incorporate a variable that measures the dollar amount dispersed by state on roadway maintenance and services to proxy for infrastructure improvements.  This variable differs from those used in Noland’s study because it is a monetary amount while Noland’s study measured physical changes in road infrastructure.

I also incorporate demographic variables into my model as done by Young and Likens (2000), Ruhm (1996), Noland 2002, and Carpenter and Stehr (2008)
.  Demographic variables which were collected from the U.S. Census Bureau include income per capita and median age. Data on vehicle miles traveled per capita and percentage of population residing in urban area was collected from the National Highway traffic Safety Administration. Alcohol consumption per capita was obtained from the Brewer’s Almana, and the property crime rate was obtained from the Disaster Center  (do you cite the sources and measurements for these variables in your data section?).  Where previous studies use these demographic variables strictly as controls and then place and incorporate all them into a single vector, my study will analyze the effects of these different demographic characteristics and their impact on traffic fatalities.  This is important because the effects of these variables have the potential to offset the safety gains created from policy adoptions.

Based on the literature review presented above, several potentially important determinants of traffic fatalities are indentified and will be estimated in the empirical model specified below: 


Equation (1)
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Where:

Table (1): Variables Defined
	Variable
	Definition
	Units

	
	
	

	Primsbit
	Enforcement of a primary seat belt law in state i at time, t
	1= adoption and enforcement 

0= other

	speedrurit
	Maximum speed limit in rural areas of state i, at time, t
	Miles per hour

	speedurbit
	Maximum speed limit in urban areas of state i, at time t
	Miles per hour

	mhsit
	Maintenance and highway services on state roadways of state i, at time t
	Thousands of Dollars

	alcoholit
	Alcohol consumption per capita of state i, at time t
	Gallons

	incit
	Real income per capita of state i, at time t
	Dollars

	unempit
	Unemployment rate adjusted for seasonality of state i, at time t
	Percent

	gasdefit
	Real price of gasoline per Million Btu of state i, at time t
	Dollars per million Btu

	poppurit
	Percentage of the population residing in urban areas of state i, at time t
	Percent

	propcrimecapit
	Property crime rate per capita of state i, at time t
	

	pop_growthit
	Growth rate of the population of state i, at time t
	Percent change

	rainit
	Average annual rainfall of state i, at time t
	Inches/year

	vmtcapit
	Vehicle miles traveled per capita of state i, at time t
	Miles


The novel variable in my study that has not received much attention in the literature is average annual rainfall. I include this variable because rain should have a direct impact on the safety of driving conditions.  Generally an area with greater amounts of rainfall is theoretically going to have a higher percentage of vehicle related deaths linked to weather conditions due to hydroplaning, low visibility, and other rain-related hazards.

I estimate this model using panel data where the cross-section i represents each state as well as the District of Columbia and time period t represents each year from 1994 to 2006.  I used Feasible Generalized Least Squares (FGLS) estimator with state fixed-effects to control for state specific, unobserved omitted variable bias that does not vary over time (Cohen and Einav, 2003).  The use of fixed-effects is further supported by the F-test that rejected the assumption that the error term is normally distributed with the mean of zero and the Hausman test that rejected the random-effects estimator in favor of the more consistent fixed-effects estimator..  I use an AR(1) process to correct for detected first-order autocorrelation.  I also correct for panel specific heteroskedacity. 

To correct for high correlation between the primary seatbelt law variable and secondary seatbelt law variable, I eliminate the secondary seatbelt law variable from the regression.  Previous research shows that primary seatbelt laws are more effective at increasing seatbelt use.  Maximum legal drinking age was not incorporated into the model because the national adoption of this law was complete before the time period of my research.  Finally, the BAC law of .08 was not incorporated into my model because the available data did not give adequate data as to when the laws were adopted on a per state basis  

IV.  Results and Analysis
The fixed-effects FGLS regression estimates of Equation (1) appear in Table (2)

Table (2): Traffic Fatality Regression Results
	
	FGLS Model

	Variable
	Coefficient
	Standard Error
	P-Value

	Constant
	-.0239946
	.0272916
	0.379

	Primsbit
	-.0062241   
	.0016579    
	0.000

	speedrurit
	.000238   
	.0001371     
	0.083

	speedurbit
	-.0004194   
	.0001626    
	0.010

	mhsit
	.0018928   
	.0009575     
	0.048

	alcoholit
	.0301108   
	.0053546     
	0.000

	incit
	4.28e-07   
	2.52e-07     
	0.089

	unempit
	-.0003763   
	.0004037    
	0.351

	gasdefit
	-.0012809   
	.0003721    
	0.001

	poppurit
	-.0002057   
	.0000795    
	0.010

	propcrimecapit
	.9788578   
	.1416483     
	0.000

	pop_growthit
	1.138799   
	.1281809     
	0.000

	rainit
	.0022524   
	.0001717    
	0.000

	vmtcapit
	-6.05e-07   
	7.14e-07    
	0.396

	median_ageit
	.0004285   
	.0007537     
	0.570


The parameter estimates for the policy variables I included in the model generally agree with previous research and theory.  The estimates for [image: image5.png]


,  the dummy variable primary seat belt law, the adoption and enforcement of the primary seat belt law decreases the traffic fatality rate per 1,000 persons by approximately .0062241 units, and is significant at a one percent level.  This result makes intuitive sense because the enforcement of the primary seat belt law increases the percentage of the population who wears a seat belt while driving.  (Carpenter and Stehr, 2008).   Instinctually, a higher percentage of seat belt usage would reduce the amount of traffic fatalities.  The primary seat belt variable can be considered an appropriate proxy for seat belt usage. However, the negative estimate for primary seatbelt law does not support Peltzman’s theory that increased safety will be offset by more reckless driving?
   The parameter estimates I include in my model for both rural and urban speed limits display reverse effects on the traffic fatality rate.  The estimate for [image: image7.png]


, the maximum speed limit for rural roadways, indicates that there is a positive correlation between the traffic fatality rate.  The results are barely significant at a 10 percent level, but correlate a one mile and hour increase in the rural speed limit with a .000238 increase in the traffic fatality rate.  The results indicate that accidents which occur on rural roadways are now occurring with greater speed leading to a higher rate of fatalities per accident.  With an increase in speed, accidents could also be occurring with a greater frequency.  Intuitively, vehicles traveling at a greater speed are harder to control and also reduce the time frame of a safe reaction time for the driver.  These conditions could all increase the frequency of accidents on rural roads, and theoretically an increase in the number of accidents leads to an increase in the number of traffic fatalities. The estimate for the parameter [image: image9.png]


, the maximum speed limit for urban roadways, indicates that there is a negative correlation between the traffic fatality rate.  The results are significant at a one percent level and indicate that for every mile per hour increase in the urban speed limit there is a .0004194 decrease in the traffic fatality rate.  These results could be attributed to a few theories.  One theory is that an increased speed limit in urban areas could decrease the amount of traffic congestion.  Psychologically, decreased traffic congestion could lead to less aggressive drivers and road-rage afflicted drivers, lowering the traffic fatality rate.  Also, given the constraints of higher level of congestion within urban areas, vehicles may not be able to travel at the maximum permitted speed limit, and accidents at lower speeds would also lower the fatality rate.  On the other hand, higher speed limits in urban areas could also proxy for better designed roads and safer driving conditions.  

The FGLS estimate for highway maintenance contradicts the general engineering theory.  According to Table 2, the parameter estimate for monetary disbursements for interstate maintenance and service, [image: image11.png]


, has a positive correlation with the traffic fatality.  At a five percent significance level there is a .0018928 increase in the traffic fatality rate for every thousand dollars spent on roadway maintenance and service.  These results coincide with the results found in Roland’s (2002) study and are consistent with Peltzman’s (1975) argument.  Psychologically, infrastructure improvements can make driving seem less taxing, which may cause a driver to lessen their level of concentration  or even induce more aggressive driving, hence increasing the rate of accidents (Mahalel and Szternfeld, 1986).  

The FGLS estimates in Table 2 also suggest that there is a positive correlation between alcohol consumption per capita and the traffic fatality rate.  For every liter increase in alcohol consumption there is a .0301108 increase in the traffic fatality rate, significant at a one percent level.  Logically, there is a strong connection between drinking and driving and traffic fatalities, so as alcohol consumption increases one can assume the rate of intoxicated drivers also increase, making the model’s suggested results feasible.

The parameter estimates for income per capita and unemployment agree with economic theory and previous findings.  Income per capita has a small yet positive correlation with the traffic fatality rate, significant at a ten percent level.  The unemployment rate has an inverse relationship with the traffic fatality, stating for every percentage increase in the unemployment rate there is a .0003763 decrease in the traffic fatality rate.  However, the unemployment rate is not significant at a ten percent level in the FGLS regression.  Both signs of the parameters for income per capita and the unemployment rate imply that either driving or gasoline are considered normal goods, so as incomes decrease the consumption of normal goods decrease.  This hypothesis is reinforced by the parameters of the gasoline variable included in the model. The model suggests that as the price of gasoline increase there is a decline of the traffic fatality rate of .0012809 units.  The inverse relationship implies that as the price of gasoline increases, the amount of driving decreases, lowering the traffic fatality rate.

The estimates for [image: image13.png]


, the percentage of the population residing in urban areas, has a negative correlation with the traffic fatality rate.  For every percentage increase of population within urban areas there is a decrease of .0002057 units in the traffic fatality rate, significant at a one percent level.  Urban areas have many characteristics which would negatively impact the traffic fatality rate.  Urban areas generally have residential areas, business districts as well as shopping areas in much closer proximity to one another.  The closer proximity of these items can either lead to an increase in the number of pedestrians because walking becomes more feasible, or an increase in the use of public transportation.  Both of these characteristics would lead to a decrease in the rate of traffic fatalities.  Another characteristic of urban areas is an increase in road congestion.  An increase in road congestion may lead to more cars traveling at a slower rate, so the number of accidents may increase but the severity of the accidents may decrease. 

The parameter estimate for [image: image15.png]


, the property crime rate per capita, indicates a strong positive relationship with the traffic fatality rate.  There is a .9788578 increase in the traffic fatality rate for every unit increase in the property crime rate per capita at a one percent significance level.  These results may be indicative of other less quantifiable characteristics of the population.  A higher property crime rate may mean that the general population of that state on average is less risk averse, so would engage in more dangerous acts such as reckless driving or speeding.  These types of riskier actions would greatly increase the percentage of traffic fatalities occurring.

The estimates for [image: image17.png]


, indicate that increases in the population growth rate have a strongly positive relationship with the traffic fatality rate.  The estimate indicates that for every percentage increase in the population growth rate there is a 1.138799 unit increase in the traffic fatality rate.  For a state such as Nevada which has an extremely high population growth of approximately four percent annually, the impact of this variable would greatly offset the safety gains made from adopting policies. 

The estimates for [image: image19.png]


, the average annual rainfall in inches also makes intuitive sense.  For every inch increase in annual rainfall there is a increase in the traffic fatality rate of .0022524 units.  Theoretically, areas with more inclement weather, such as increased rainfall are likely to have more weather related accidents.  Results of severely rainy weather could include slippery road, reduced visibility and increased distractions are also strong indicators of an increased traffic fatality rate.

Finally, the parameter estimates, [image: image21.png]
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, both do not meet a ten percent significance level, so do not have a statistically significant effect on the traffic fatality rate.  The parameter sign for vehicle miles traveled per capita is counter intuitive and suggests that there is a decrease in the traffic fatality rate for every added vehicle mile traveled.  Generally when more miles are traveled there is an increased chance of getting in a car accident which increases the chance of a fatality.  A theory could be suggested that the more miles traveled means more experienced drivers with safer driving habits, but given statistically insignificant coefficient estimate for this variable, more research is necessary to state anything definitive about this relationship.  The median age of the population parameter estimate also provides counter intuitive results, suggesting that there is a positive in relationship between age and traffic fatalities, but this relationship is not statistically significant.  Previous research suggests that an older population generally means a reduction in traffic fatalities because of increased driving experience and a less reckless nature, so these results warrant further research as well. Theoretically, the relationship between traffic fatalities and age could be non-linear. At first, fatalities might decline with age until reaching the bottom and start rising again for the very old. Thus, future research might want to consider using shares of young and old population rather than the median age.
A.  Example: Nevada

Nevada is of special interest to this study because between the years 1994 to 2006, its traffic fatality rate increased by over 27%.  While Nevada does not have/did not implement a primary seatbelt law within that time period, there were still present regulatory attempts to create safer roadways.
Chart (1). Variable Contribution to the Traffic Fatality Rate
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Chart (1) is the change in impact on the traffic fatality rate in Nevada from 1995 to 2005, calculated using the parameters obtained from my model.  The change in property crime rate per capita is one of the largest contributing factors to the increase in the traffic fatality rate.  The slowdown in the population growth rate is the largest contributing factor to the decline in the traffic fatality rate over the given years, but is not substantial enough to offset the positive effects of the property crime rate.  The only policy variable that counteracts the increasing traffic fatality rate is the increase in the maximum speed limit on urban roadways.  It is evident from the chart that this policy is not nearly beneficial enough to aid in the reduction of the traffic fatality rate. 
V.  Conclusion

Using a large panel of U.S. states from 1994 to 2006 and an extensive set of control variables, I investigated the impact of economic, demographic, geographic, and policy variables on traffic fatalities using FGLS estimator with state-level fixed effects.  I hypothesized that certain demographic characteristics were playing an important role in offsetting the positive effects of policy adoptions towards lowering the traffic fatality rate.  The results of this analysis affirm this hypothesis and conclude that population characteristics play a major role in determining the traffic fatality rate.    The beneficial effects of a primary seatbelt law decrease the traffic fatality rate by .0062241.  Notably, a percentage change in the population growth rate increases the traffic fatality rate nullifies the safety gains of a primary seatbelt law, and increases the traffic fatality rate by 1.133 units.  A one unit increase in the property crime rate per capita, has similarly large nullifying effects as an increased population growth rate. The regression results presented in this paper help explain the large variation in traffic fatalities across states and time.  For example, Nevada with a 27% increase in the traffic fatality rate coincidentally also experienced a 51% increase in the property crime rate, a major contributor to traffic fatalities.  

VI. Economic Implications

This analysis yields several suggestions for how to improve future driving regulations.  First, more stringent safety driving laws (such as seatbelt laws) should be implemented in states with higher population growths rates and higher property crime rates.  These laws should not necessarily be adopted nationwide.  With states that already are showing a decline in their traffic fatality rate, the implementation of these laws may serve more as an economical hindrance than a safety benefit.  For example, if a state were to implement another law designed to lower the traffic fatality rate, and the new regulation required an increase in the amount of police officers to enforce this law, the amount spent on these  new police officers (salary, equipment, uniforms) may not be worth the fraction of lives potentially saved from the new policy..  In states with higher traffic fatality rates, a larger amount of federal funding dedicated to implementing new policies would be significant in terms of lives saved.  Also, stricter weather related driving policies should be implemented in states with higher rainfall.  A policy suggestion would be a slower maximum speed limit during inclement weather to decrease the risk of lost control and lower the impact of decreased visibility on driving ability.  

IV. Future Research

This analysis also suggests several avenues for future research in examining demographic characteristics on the traffic fatality rate.  First, the data set I used had limited demographic characteristics, specifically in regards to the age variable, due to limited data availability and time constraints.  Future research could find a method to quantify such characteristics as road rage tendencies and examine its impact on traffic fatalities. Expanding the time frame of the model would also prove useful for future research so policy variable which fall outside the years of 1994 to 2006 can be examined (Minimum Legal Drink Age, Cell Phone laws).  One may also want to test a non-linear age effect on traffic fatalities. 
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    Variable 


 


       Obs        Mean    Std. Dev.       Min        Max




  pop_growth         612    .0099275    .0092851  -.0561389   .0586826

  median_age         663    35.74615    2.121579       26.7       41.2

                                                                      

  procrimcap         663    .0361009    .0130642   .0004163    .090776

        rain         650     34.2672    13.76918       7.11      59.74

      poppur         510    66.78856    15.85679   29.59467        100

         mhs         561      1.7945    1.771501   .1345849   15.77069

      capout         561    6.295554    6.743668   .7793713   60.59084

                                                                      

      gasdef         612    9.797668    1.652206          0   15.54089

    speedurb         658    61.43617    6.565189         50         75

    speedrur         646    66.50929    6.559619         55         75

       unemp         613    4.881582    1.213481       2.26       8.72

      primsb         663    .3288084    .4701349          0          1

                                                                      

      vmtcap         561    10236.23    1947.557       3984   18485.03

          sb         345    .7662145    .1006077       .477       .963

         inc         663    28079.94    6211.213      16291      57746

     alcohol         612    2.283693    .4985778        1.2       4.13

      tf1000         663    .1672985     .060668   .0620103   .3843182

                                                                      

    Variable         Obs        Mean    Std. Dev.       Min        Max


Appendix II
Ovtest and Linktest
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       _cons     .0005712   .0041155     0.14   0.890    -.0075149    .0086573

      _hatsq     .0183613   .1210315     0.15   0.879     -.219441    .2561637

        _hat     .9931462   .0461142    21.54   0.000     .9025411    1.083751

                                                                              

      tf1000        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]

                                                                              

       Total    1.77726421   494  .003597701           Root MSE      =  .01207

                                                       Adj R-squared =  0.9595

    Residual     .07171351   492  .000145759           R-squared     =  0.9596

       Model     1.7055507     2   .85277535           Prob > F      =  0.0000

                                                       F(  2,   492) = 5850.58

      Source         SS       df       MS              Number of obs =      495

. linktest


� Traffic Fatality as defined by FARS: crash must involve a motor vehicle traveling on a roadway customarily open to the public and had to result in the death of a person (either the occupant of a vehicle or a non-motorist) within 30 days of the crash (2008).


� Traffic fatality growth rate was calculated by taking the total traffic fatalities in the given year divided by the population size, and then calculating the percentage change.  Traffic Fatality data obtained from FARS.


� For both Primary and Secondary Seat Belt Laws, the persons covered under the law very by state.  For instance, in California the Primary Seat Belt Law covers those 16 and older sitting in all seats.  In Louisiana, the Primary enforcement only covers those 13 and older sitting in the front seats (http://www.motorists.org/seatbelts/).


� It is estimated by the NHSTA that a man who weighs approximately 170 pounds and has had five 12-ounce beers (4.5% alcohol by volume) in 2 hours will have a BAC of over .08.  A woman weighing approximately 120 pounds and has consumed 3 12-ounce beers (4.5% alcohol by volume) in 2 hours will have a BAC of over .08.  These estimations may vary do to individual characteristics (NHSTA, 2008)   


� The variation in gas prices can be due to proximity to supply, state environment programs, competition in local markets and state taxes (EIA, 2002)


� Study’s by Garbacz (1990a, 1990b, 1992) and Risa (1994) both either find that seat belt usage is insignificant or positively correlated with traffic fatalities.  A possible reason for their puzzling results is their omission of seat belt usage as a choice variable (Cohen and Einav, 2003)


� The number of accidents is not a well defined variable.  The reporting of an accident is determined by a police officer.  While officers may be present at all major accidents, with minor accidents a police officer may not be present due to many variables (time of day, day of the week, etc…).  The omission of accident reporting allows for bias (NHSTA 1994).  


� These results were common with studies done by Nelson (1998), Glassbrenner (2005), Boyle (2004) and Lerner (2001)


� Young and Likens created two linear models and two Log-Lin models.  Due to high multicollinearity in each model either the Real Beer Price or Real Beer Tax was used as one of the independent variables.


� The beer is the tax on 24 12-ounce containers of beer obtained from Brewers Alamanac


� Studies by Dee (1999), Mast, Benson and Rasmussen (1999) also indicate that excise taxes on beer do not have a significant effect on either beer consumption or traffic fatalities.


� Almost all works completed on traffic fatalities control for different demographic characteristics
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