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This paper examines the relationship between gun ownership and
crime, Previous research has suffered from a lack of reliable data on
gun ownership. I exploit a unique data set to reliably estimate annual
rates of gun ownership at both the state and the county levels during
the past two decades. My findings demonstrate that changes in gun
ownership are significantly positvely related to changes in rhe hom-
icide rate, with this relationship driven almost entirely by an impact
ol gun ownership on murders in which a gun is used. The effect of
gun ownership on all other crime categories is much less marked.
Recent reductions in the fraction of households owning a gun can
explain one-third of the differential decline in gun homicides relative
to nongun homicides since 1993,

I. Introduction

Do changes in gun ownership influence the crime rate? Although guns
are involved in nearly 70 percent of all homicides and a substantial
share of other violent crimes, the direction of this relationship is the-
oretically ambiguous. For example, if guns increase the likelihood that
any particular dispute will result in an individual’s death, then increases
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in gun ownership will serve to increase the number of homicdes. Al-
ternatively, if criminals are deterred from committing crimes when po-
tential victims are more likely to possess a firearm, then more gun
ownership may lead to a reduction in criminal activity.

Untl recently, empirical work that attempted to answer this question
typically took one of two approaches. In the first, researchers estimated
the effect that changes in the total stock ol guns in the United States
had on the nation’s crime rate (Kleck 1984; Magaddino and Medoft
1984). A more developed hranch of studies estimated the level of gun
ownership in a region, state, or city and then explored whether crime
and gun ownership were signilicanty related (Cook 1982; Kleck and
Parterson 1993). The results of these studies were mixed, with some
implying that guns increased the amount of criminal activity and others
finding the opposite.

Both types of studies had important limitations. The time-series anal-
yses that used annual, national-level data were limited because of the
small number of observations that could be used for estimating the
relationship between gun ownership and crime. Furthermore, the level
of agpregation prevented researchers from examining whether the re-
latonship held within smaller geographic areas, or whether instead gun
ownership was changing in one region of the country while criminal
activity was changing in another. The cross-sectional studies had two
weaknesses. First, because reliable data on gun ownership were available
at only the national level, researchers constructed proxies, such as the
fraction of crimes committed with a gun, to estimate the level of gun
ownership in an area. It is not clear, however, if these proxies accurately
captured differences in gun ownership across areas. More important,
any significant statistical relationship between guns and crime could
have been driven by reverse causation or omitted variables.

The main impediment to applied work in this area was the absence
of a reliable measure of gun ownership that could be measured across
geographic areas over time. In this paper [ propose a new way to measure
gun ownership at both the state and county levels on an annual basis.
Specifically, I argue that state- and county-level sales data for one of the
nation’s largest gun magazines, Guns & Ammo, provide a much more
accurate way to measure both the level and the change in gun ownership
within an area,

I use several methods to test the valhidity of this new proxy variable.
First, I show that sales rates of gun magazines are signiticantly higher
in counties with average individual-level characteristics similar to those
of the average gun owner. Second, I use death data [rom the National
Center for Health Statistics (NCHS) to show that there 1s approximately
a one-for-one relationship between sales rates and the death rate from
gun accidents. Third, using gun show data from publications of the
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National Rifle Association (NRA), [ show that the number of gun shows
per capita is significantly positively related to the sales rate of this mag-
azine. Fourth, using annual state-level data on NRA membership, I demi-
onstrate that sales of Guns & Ammo are significantly positively related
to the level of and changes in NRA membership rates. And finally, T use
data from the General Social Survey (GSS) to show that state-level es-
timates of gun ownership are significantly positively related to sales rates
of gun magazines and that this proxy also captures variation within a
state over ume in rates of gun ownership, While none of these tests
individually proves that this magazine is a sufficiently accurate proxy
variable, taken together they suggest thar this panel data set represents
the richest one ever assembled for measuring gun ownership.

Having demonstrated the validity of this proxy variable, I next use
these data to examine the dynamic relationship between gun ownership
and crime. My [indings reveal that changes in homicide and gun own-
ership are significantly positively related. This relationship is almost
cntircly driven by the relationship between lagged changes in gun own-
ership and current changes in homicide, suggesting that the relationship
is not driven simply by individuals’ purchase of guns in response (o
increases in criminal activity,

One possible explanation for this finding, however, is that individuals
purchase guns in response (o expected furure increases in crime. My
finding that lagged changes in gun ownership are strongly positively
related o changes in gun homicide rates, but bear no corresponding
relarionship with nongun homicide rates, does not support this hy-
pothesis. Instead, it suggests that an increase in the number of guns
leads to a substantial increase in the number of homicides. The rela-
tonship with all other crime categories is much less marked, implying
that firearms increase criminal activity primarily through their impact
on homicides.

These lindings contradict the results from recent work suggesting
that legislation allowing individuals to carry conccaled weapons (CCW)
caused a significant decline in violent crime (Lott and Mustard 1997).
I theretfore use the magazine sales data to revisit in greater detail the
impact of state CCW laws on crime rates. Theoretically, CCW legislation
could have reduced the crime rate by increasing the likelihood that
potenual victims would be carrying a firearm. This could change if (1)
the fraction of individuals owning a gun increased or (2) the frequency
with which existing owners carried their guns increased.

Using the magazine sales data, I first examine whether the passage
of CCW laws led to increases in the rate of gun ownership and find no
cvidence of such a pattern. I then investigate whether criminals were
deterred from committing crimes because of a perception that the ex-
1isting set of gun owners would carry their guns with them more f{re-
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quently. I find no evidence that counties with above-average rates of
gun ownership within CCW states experienced larger declines in crime
than low-ownership counties did, suggesting either that gun owners did
not increase the frequency with which they carried their guns or that
criminals were not deterred by the greater likelihood that their victims
would be armed. These findings weaken the claim that CCW legislation
could plausibly have reduced violent crime rates. Consistent with this,
robustness tests of the Lott-Mustard results demonstrate that their cen-
tral results are inaccurate.

From 1993 to 1998, the number of gun homicides declined by 36
percent, whereas the number of nongun homicides declined by only
18 percent. During that same time period, national survey estimates
suggest that the share ol households with at least one gun tell by more
than 17 percent. My point estimates imply that this decline in gun
ownership can explain approximately one-third of the differennal de-
cline in gun homicides during this time period, with the largest declines
occurring in areas with the largest reductions in ownership of firearms.
Whether this decline in gun ownership also partially explains the sub-
stantial decline in the number of gun suicides during this same ome
period is an important topic for future research.’

II. Do Sales of Guns & Ammo Accurately Estimate Gun Ownership?

Guns & Ammo 1s the nation’s fourth largest firearms magazine. Ap-
proximately 600,000 copies were sold in 1998, with almost Y0 percent
of these sales resulting from subscriptions and the remainder sold as
single copies. In contrast to the three gun magazines with greater cir-
culation (American Rifleman, American Hunter, and North American Hunt-
er), sales data for this magazine are available annually at both the state
and the county levels. More important, Guns & Ammo is focused rela-
tively more on handguns than these other three magazines. Because
handguns are the weapon of choice in the vast majority of firearms-
related crimes and are more likely to be purchased for selt-defense
purposes than rifles or shotguns, this magazine is a more appropriate
one for analyzing the dynamic relationship between crime and gun
ownership.

In this section, I first examine whether sales rates ol gun magazines
are significantly higher in counties with average individuallevel char-
acteristics similar to those of the typical gun owner. Recent work by
Glaeser and Glendon (1998) uses dara from the annual GSS to deter-

' After reaching a peak of 18,964 in 1993, the number of gun smades fell in each of
the next five years and stood at 17,424 in 1998, During that same ume penod, the number
of nongun suicides actually increased (although by a smaller amount) from 12,200 w
18,151
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TABLF 1
DETERMINANTS OF GIUN MAGAZINE SALES AT THE County LEVEL
Log(Guns & Ammo Sales in 1990 per 1,000 Residents)
(N=492)
VARIABLE (1) (2) (3}
% college grads,, e B L Ll —1.66**+* —2.06%**
{.27) (.24) (:33)
% no high school —1.9h%+*# — 1 .BE#** o 1 Ll
diploma,, (.25) (.23) (.27)
Log(income per 20H* J] FHekE JhG***
capitag, ) {.O80) (.0749) (.116)
% rural;, 2409% ¥+ A6GNFET D] prewn
{.059) (.056) (.055)
% white,, ADGFEr G AH0H
(.101) (101} (.129)
% males,, b, 1 Q%** B.TH* g, 9(prxk
(1.08) (1.00) (117}
e aged 0-17,, — 3, 45% %k
(.55)
Y% aged b+, — 1. QTN
(.50)
% poor,, — 416
(.427)
Fopulation - ()] O
density,, (OO2R)
Midwest IR
(.D28)
South JH2H*x
(.D28)
West J2GTH R
(.034)
State fixed effects? 1o yes ves
It 48 747 T8

NoTF —The dependent variable i the log of the sales rate of Guns & Amme per 1,000 residents, The dita ser consises
of all counries in rthe United Stares in 1990 with a population of 100,000 or more. All other counties are collapsed intw
“rest of suite” observatons, Counry-level demagraphic and economic indicators are obtained from the 1990 Census.
Standard errors ave mcluded in parentheses,

* Significant at the 10 percent level.

“® Significant at the 5 percent level.

#=% Signiticant ar the | percent level

mine which types of individuals are most likely to own guns. Their
findings reveal that people living in western and southern states are
significantly more likely to own one or mare guns than midwesterners,
with people from eastern states being the least likely, The authors also
find that high school dropouts and college graduates are relatively un-
likely to own a firearm and that white males living in rural arcas are
the most likely to own a gun. Finally, when they control for an indi-
vidual's educational attainment, the authors demonstrate that rthe prab-
ability ol gun ownership is increasing with the person's income.

The county-level regression results presented in table 1 suggest that
the readers of this magazine are quite similar to typical gun owners.
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These regressions explain the log of the sales rate for Guns & Ammo at
the county level in 1990." Consistent with the findings of Glaeser and
Glendon, column 1 reveals that counties with more high school drop-
outs or college graduates have significantly lower sales rates than other
areas. The coeflicient esumates on the region dummies demonstrate
that counties in the West or South have much higher sales rates than
counties in the East or Midwest. Rural counties with relatively many
white males also have more per capita sales of gun magazines than other
areas, and average income is significantly positively related ro sales of
this magazine.

In column 2, T include swate fixed effects m the regression and find
that the estimates from the first specification are largely unchanged.
This suggests that the proxy variable is not simply picking up varation
across states in gun ownership but that there is substantial within-state
variation as well. In column 3, I include additional explanatory variables
in the regression and find that densely populated counties and those
with relatively many children or elderly individuals have lower rates of
gun ownership. This first set of regressions suggests that the observable
characteristics of those individuals who purchase this magazine are quite
consistent with those of gun owners, implying that sales rates of Guns
& Ammo accurately proxy for the rate of gun ownership in an area.’

The next set of regressions summarized in table 2 provides further
support for the accuracy of this proxy. In places with higher rates of
gun ownership, one would expect to find more sales of fircarms. While
slate-level data on gun sales are unavailable, the first specification utilizes
data on the lacation of gun shows® in the United States to examine
whether states with high sales rates of Guns & Ammo have relatively
more gun shows (and presumably more gun sales) per person. The
significant coefticient estimate of .995 implies that a 10 percent increase
in the magazine's sales rate is associated with a 10 percent increase in
the number of gun shows per capita.

" The 444 countes with a population of 100,000 or more in 1990 are included in the
regression, with all other counties combined into a “rest of state” category. While these
444 counties account for only 14 percent of the 3,142 counties, approximately 75 percent
of the LS. population resides i one of these countes.

" Cook (1987) uses the fraction of robberies committed with a gun o proxy for the rate
of gun ownership in 44 U.5, cites. While this may be an accurate proxy at the city level,
the sales rate of Guns & Ammo appears 1o be a significantly better measure overall, The
rorrelation between this magazine's state-level sales rate and the estimated ownership from
the GSS is signihcantly pnsifiw at 61, whereas the correlation is only .09 (and statistically
insignificant) between the fraction of robberies committed with a gun and the GSS§
estimates.

* These dawa are obuained from the NRA's publication Amenican Rifleman, Eight states
had no gun shows reported in 1996, Including these states in the regression by replacing
the dependent variable with log (0.1/pop) leads to a slightly greater and more significant
coefficient estimate,
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TABLE 2
RELATIONSHIP OF GUN MAGAZINE SALES with Gux SHOwS, GUN ACCIDENTS, AND GUN
SUICIDES
Log (Gun Log (Nongun
Log(Gun Shows) Accidents) Log(Gun Suicides)  Suicides)
(1) (2) (3) (4)
Log({ Gauns & Ammo) LG b 118w 15 5 ik 044
[.563) (.370) (. 169) (.128)
K 105 179 H95 A2
Observalions 43 Al 51 51

NoTeE. —The dependent variable in the first specification is the log of the number of gun shows per state resident
in 1996, The nexr three dependent variables are the log of the 1996 state-level deatli vate from gun accidents, gun
suicicdes, and nongun suicides, respecrively. Regressions are weighted by state population. Standard errors ure included
i parentleses,

& Sigmihcant at the | percent level,

Columns 2-4 use state-level data from the NCHS on the underlying
cause of all deaths in the United States in 1996. The second specification
shows that there are significantly more deaths (per capita) from gun
accidents in those states with higher sales rates of gun magazines and
thar there is again an elasticity of approximately one. The third and
fourth specifications show that gun suicide rates are significantly greater
in states with relatively high sales rates of gun magazines; there is no
corresponding relationship between estimated rates of gun ownership
and nongun suicides. Previous work has used the fraction of suicides
that are committed with a gun as a proxy for gun ownership (Cook and
Moore 1995), and this pair of regressions demonstrates that this fraction
is significantly higher in places with more gun ownership.”

The results of the first two specifications displayed in rable 3 use state-
level data for 1982-98" on membership in the NRA to investigate its
relationship with Guns & Ammo sales. The significant coefficient esti-
mate of .807 in the first specification shows that states with more NRA
members per capita have significantly higher sales rates for this maga-
zine. l'he second specification uses annual state-level data and includes
both year and state fixed effects. The significant estimate of .389 implics
that, within a state, rates of NRA membership are significantly positively

" Codes from the international classification of diseases (ICD9) for gun suicides, suicides,
and gun accidents begin with 955054, 95, and 922, respectively. The findings of Sloan
et al. (1990) and Kellermann et al. (1992) suggest that gun ownership leads to more
suicides becanse of the relatively high success rate for this method. Whether their findings
are due 1o a true causal effect or are instead driven by unobserved differences in the
propensity o commit suicide by gun and nongun owners is unclear.

" This paper focuses on the 1980-98 time period, but NRA data are unavailable before
1482, 'To calculate membership, 1 use data from the Audit Bureau of Circulations and
calculate the sum of magazine subscriptions for American Rifleman and American Hunler
(and American Guardian beginning in 1998). Euch member of the NRA receives a sub-

scription to one of these magazines, und the magazine is not sold on the newsstand. Only
NRA members can subscribe.
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TABLE 3
RitaTioNsHIP OF (N MAGAZINE SALES WITH NRA MEMBERSHIP AND GSS LuN
(OWNERSHIP
Log (NRA Membership) Log(GSS Ownership)
(1) (2) (3] (4]
Log(Guns & Ammo) L) T R E QTnFE Aogtrs
(.132) (.022) (. 188) (.114)
K 451 967 354 712
Observations nl NG7 45 & Bals
Year fixed eflectss VEs VES
State hixed effects? yes Vs

NaTs, — The dependent variahle in the first specificativn is the log of the average NRA membership rate (per |0(H)
state resldents) from 1982 w 1998, The dependent vanable in col. 2 is the log of the NRA memhership rare, wirh
annual state-level observations rom 1982 1o 1998, The dependent variable in the third specificanon is the log of the
fruction of 198098 GSS respondents within a state wha claim 0 own ar least one gun. Only 45 states e ncluded
because (355 data are not available for siv of the smaller smres. The dependent vanable in the lowth specibcanon
contains annual stare-level ohservations for the same varable, There were [87560 respondents to the question during
the 10R0-08 surveys. Regressions 1 amd 2 we weighted by the state population and regressions A and 4 are weighued
by the number of G55 suirvey respondents within cach state. Standard crram are incliuded in parentheses.

*#% Swniticant at the 1 percent level

related with magazine sales rates, providing additional evidence that this
proxy is a good measure bath of the level and of the change in gun
ownership within an area.

In the last two specifications 1 use data from the GSS to provide a
final test of the validity of rhis proxy. In many of the GSS surveys, re-
spondents are asked whether they own a gun. I use data from the
1980-98 surveys 0 examine whether states with more reported gun
ownership have higher sales rates [or this gun magazine during the
same time period.” In column 3 of table 3, I use all the GSS survey data
and find that states with higher average rates of gun ownership during
this time period have significantly more magazines sold per state resi-
dent, The significant coctficient estimale suggests an approximate one-
(or-one relationship between the reported rate of gun ownership and
the sales rate for this magazine. The specification summarized in column
4 uses annual state-level data and includes both state and year fixed
effects. The significantly positive estimate of .354 suggests that this mag-
azine's sales are a valid measure both of the level and of the change in
gun ownership within an area. It is worth noting that the Guns & Ammo
sales rate does not explain all of the variation in specificaton 4, pre-
sumably hecause rthe sample size within each state-year cell of the G5S

7 It is worth noting that the GSS was designed to be nationally representative, and
therefore the samples from any individual state will nat necessarily be a representative
sample of state residents. Furthermore, the number of respondents for the average state
in a typical year is only 38, Small sample sizes, coupled with the potential nonrepresen-
tativeness of respondents, have prevented researchers from usimg GSS duta to reliably
estimaute the dynamic relatiomship between gun ownership and crime. In the absence of
a better source of survey data, [ nevertheless use the GSS to provide onc final test of the
validity of my proxy.
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1s small and because the magazine sales rate is an imperfect proxy for
the rate of gun ownership.

Taken together, the results in this section strongly suggest that this
panel data set of Guns & Ammo sales rates provides a much richer set
of information about gun ownership than any that has previously heen
assembled. One potential concern, however, is that very few readers of
this magazine may be criminals. Even if only law-abiding citizens read
this magazine, nearly 500,000 guns are stolen annually, suggesting thar
increases in gun ownership among law-abiding citizens will increase the
availability of firearms for criminals. Additonally, many criminals pur-
chase their firearms on the secondhand market, which is much less
regulated than the market for new guns from federally licensed dealers.
Evidence from the Bureau of Alcohol, Tobacco, and Firearms reveals
that a substantial share of the transactions at gun shows involve at least
one previously convicted criminal (Handgun Control Inc. 1999), Thus
the ease with which criminals can acquire their guns is bound to he
much greater in those places with the most gun ownership among law-
abiding citizens,

III.  The Relationship between Crime and Gun Ownership

Because firearms are used in a significant fraction of all violent crimes,
but are also [requently used for self-defense purposes, changes in the
number of guns within an area could have an important impact on the
level and average seriousness of criminal activity. Kleck (1991) and Kleck
and Patterson (1993) argue that, because guns are used frequently in
selt-defense, they act as un effective deterrent to criminal activity. Thus
increases in gun ownership reduce the crime rate,” suggesting thar there
may be positive externalities associated with gun ownership. As the frac-
fion of individuals owning a [irearm increases, the expected punishment
from committing a crime may also increase.”

Findings to the contrary claim that a greater availability of firearms
will lead 1o more crime, either by increasing the likelihood that any
crime will result in a victim's death (Zimring 1972; Cook 1979) or by
increasing the probability that a domestic dispute will result in the death

" Estimates regarding the frequency with which gun owners successl ully defend them-
selves from croiminals vary widely. Dawma from the National Crime Victimization SUrvey
suggest approxunately 75 000 cases of self-defense annually, amountng o approximately
2 percent of all violent crimes (McDowall, Loftin, and Wiersema 1992, L'sing the same
data, Cook (1991) finds that only 3 percent of victims successtully used a gun against a
criminal who intruded while they were home. Kleck’s (1991} and Kleck and Pattersan's
(IU3) estimates, at more than one million, are greater by an order of magnitude.

" Becker (1968) develops a model in which criminal behavior is substantially aflected
by the expected costs of committing a crime. Positive externalities have been found for
other types of victim protection (Ayres and Levitt 1998).
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of one or more individuals (Kellermann et al. 1992), Donohue and
Levitt (1998) develop a model in which firearms may reduce the pre-
dictability of the outcomes of fights and consequently increase the num-
her of violent confrontations that occur.

Much of the previous empirical work that examined this issue used
cross-sectional estimates of gun ownership. These studies were unable
to control for unobserved differences across areas that could plausibly
affect both gun oewnership and crime, and the estimates were typically
quite sensitive to precisely which control variables were included in the
regressions. Furthermore, any significant relationship could have been
driven by a causal effect of guns on crime or the reverse.' In this section
I build on previous work by exploiting nearly 20 years of both state- and
county-level sales data of gun magazines to explore the dynamic rela-
rionship between gun ownership and crime,

A.  The Relationship between Changes in Homicide and Gun Oumershap

[ first use the annual, state-level sales data from gun magazines described
above to investigate whether changes in gun ownership are positively
related to changes in homicide rates by running specifications of the
tollowing form:

Alog (homicides,) = « + BAlog (guns,) + pAX, + N, +p, + €, (1)

In this regression guns, equals the gun magazine's sales rate in state
during vear (. | ohtain homicide data from two different sources: the
Federal Bureau of Investigation (FBI) and the NCHS. The NCHS data
are 4 more accurate source of homicide data since 5-8 percent of hom-
icides are not reported in the FBI state-level data each vear. The variables
X, include control variables for the log of per capita personal income,
the unemployment rate, and the fraction of state residents that are
between the ages of 18 and 24. Throughout this section, the measures
of crime and gun ownership are delined in per capita terms, and sum-
mary statistics for these variahles are mmcluded in column 1 of table 7
below,

The coefficient estimates presented in table 4 demonstrate that
changes in state-level homicide rates are significantly positively related
to changes in gun ownership. The first three specifications use I'Bl
homicide data when calculating the left-hand-side variable, and the latter

" Using instrumental variables, Kleck and Palterson (1993) use crosssecdonal data to
estimate this relationship, To be valid, these instruments must be related (o crime anly
through their relationship with gun ownership. Their instruments, which include city-level
gun control laws, are likely to respond to criminal activity and thus fail o meet tns test,
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TABLE 4
RELATIONSHIP BETWEEN CHANGES IN THE HoMI1CIDE RATE anND CHanGEs 1IN GUN
OWNERSHIP
ALog(FBI Homicides,) ALog(NCHS Homicides,)
(1) (2) (3) (4) (5) (6)
Alog(guns, ) 226% %4 ABT*E 194%e  gagEEk  |Q1RF J7R*#
(.079) (.083) (185) (.072) (.077) (LO78)
State trend dummies? 1o VeS ves no ves VeSs
i 159 173 174 222 237 240

NoTe.—The dependent vanable in specifications 1-3, Alog(FR] homicides,}, s the change in the log of the srase-
level hamicide rate as reported to the FBL The dependent variable in specifications 4=6, Alog{NCHS homivides, ), is
equal 1o the change in the log of the statedevel homicide rate using data from the National Center for ealth Statistics,
The variable Alog(guns, ) equals the change in the log of the state-level sales rate of gun magagines. The sample mcludes
state-year observations for 1980-98. The number of observations is 918 in all vegressions. Each regression inchudes year
hxed effects and is weighted by stte population. White standard errory are in parentheses,

o= Signihcant at the 5 percent level,

#=% Significant at the 1 percent level,

three employ the corresponding data from the NCHS." The coetficient
estimates are not significantly affected by the inclusion of state trend
dummies or by state-level economic and demographic controls, as the
second and third specifications reveal. The coefficient estimates suggest
that a 10 percent increase in the rate of gun ownership is associated
with approximately a 2 percent increase in the homicide rate.

This linding is consistent with the theory that increases in gun own-
ership lead to a rise in criminal activity but also supports the hypothesis
that an increase in crime leads more individuals to purchase a gun for
self-defense purposes. The set of regressions summarized in table 5 aims
to dillerentiate between these alternative stories by examining whether
lagged increases in gun ownership are associated with increases in crime
or whether the opposite is true. Columns 1-4 summarize the resulis
from specifications of the following form:

2
Alog (homicides,)) = a + E B.Alog (guns,, )

r=1

- 2 v, Alog (homicides , )

7=
FpAX, + N+ u, t e, (2)

The cocfficient estimate on Alog(guns,, ,) in column 1 implies that a
10 percent increase in gun ownership in the current year is associated
with a 2.14 percent increase in the homicide rate in the following year.
T'he significantly negative estimare of —.356 on the Alog(FBI

"' Like the suicide data nsed above, the NCHS homicide data are tabulated fronn death
certificates. The NCHS homicides include those with an ICD9 code heginning in 96 and
therefore exclude deaths from legal executions or other legal interventions.



TABLE 5

SraTE-LEVEL ESTIMATES OF THE RELATIONSHIP BETWEEN CHANGES 1IN RaTEs oF HoMicipe anp Guy OWNERSHIP

AlLog(FBI Homicides,) ALog(Guns,)
(1) (2) (3) (4) (5) (6) (") (8)
Alog(guns, ) 214=* 210%* 180" 190* 100% | 102% 032 011
(.099) (.100) (.103) (.103) (.054) (.054) (.050) (.050)
Alogi(guns, .} 2475 210+ L14%* d34%Ex QRO¥*  070%*
(.092) (0094 ) (.095) (O3K) (.035) (.034)
Alog(FBI homicides,, ,) — 356%F — SBEFFE — 498%s%  _ 4o7%x (13  025%*  019*  019%
(.0B0) (.050) (.049) (.050) (.010) (.011) (.011) (.011)
Alog(FBI homicides,, ,) —.065*  —_102*%x* — 1(2%* 032%%F  27%*  (J29%*
(.048) (.054) (.0R0) (.012) (.012) (.012)
Alog(per capila income ) —.276 HO4¥F*
(.590) (.134)
Aunemployment rate, —.300 SHE*
( 749) (.276)
A% aged 18-24, — 673 1.946
(3.957) (1.788)
State trend dummes? 1o no VES yes no no yes yes
F 270 281 517 317 B 62E b61 677

MoTE.—The dependent vanable in specifications 13, Alog(FBI homicides,}, is the chanyge in the log of the stte-level homicide rate (from FBI data). The dependent
variable i specifications 58, Alog{guns, ), is equal o the change in the log of the smtelevel sales rate of gun magazines. ‘The sample imcludes state-vear ubservations for
|960-98. The number of observations is R16 in all regressions except 1 and 5, which have B67 cach. Fach regression includes year fixed cffects and is weighted by state

populaticn. White standard errors are in parentheses.
* Significant at the 10 percent level.
** Significant at the b percemt level.
*** Sipnificant at the 1 percent level



1[]{38 JOURNAL OF POLITICAL FCONOMY

homiaides,, ;) coefficient demonstrates that there is substantial regres-
sion to the mean in state-level homicide rates. Results [rom the second
specilication show that this relationship between lagged changes in gun
ownership and current changes in the homicide rate continues into the
subsequent vear as well. To control for ditferences in homicide trends
across states during the time period of interest, I next include state
trend dummies in specification 3. The estimates for Alog(guns,, ) and
Alog(guns,, ;) decline slightly but remain significantly posiuve, Adding
state-level control variables to this regression has virtually no impact on
the coefhicient esuimates for Alog(guns,, ,) and Alog(puns,, .).

In columns 5-8, I summarize the results from analogous regressions
with Alog{guns, ) as the dependent variable. In most cases, the estimated
relationships between lagged changes in homicide rates and current
changes in gun ownership are signiflicantly positive, providing support
for the hypothesis that individuals purchase firearms in response to an
increase in criminal acovity. However, the estimated effect is much
smaller in magnitude than in the previous four regressions: a 10 percent
increase in the homicide rate is associated with only a 0.2-0.3 percent
increase in gun ownership in the subsequenrt year. If these dynamic
specifications are accurately capturing a causal relationship, then it ap-
pears that gun ownership has a much greater impact on murder rates
than murder rates have on gun ownership.

B, Gun versus Nongun Homicides

One [actor not addressed above is that individuals mav purchase guns
In response to expected future increases in criminal activity. Rather than
demonstrating a causal effect of gun ownership on crime, the observed
relationship in columns 1-1 of table 5 may instead represent a causal
elfect ol expected increases in crime on current gun ownership, Heck-
man (2000) points out, for example, that future VY, often determines
current X, in dynamic economic models,

One way to differentiate between these (wo hypotheses is to divide
homicides into two categories: those committed with a firearm and those
committed with some other weapon. If changes in gun ownership have
a similar relatonship with bath types of homicide, then one could rea-
sonably conclude that individuals are purchasing more fircarms in re-
sponse to expected increases in crime or that increases in gun ownership
simply proxy for increases in the average criminal tendencies of the
population. Alternatively, if current increases in gun ownership are more
strongly related to future increases in gun homicides, then the theory
that a rise in gun ownership is causing an increase in the homicide rate
would be much more plausible.

The regression results summarized in table 6 use the NCHS data to



TABLE 6
RELATIONSHIP BETWFEN LAGGED CHANGES IN GUN OWNERSHIP AND CURRENT CHANGES IN GUN AND NONGUN HOoMICIDES

Al og (Gun Homicides,) ALog(Nongun Homicides,)
(1) (2) (3) (1) (5) (6) (7) (8)
Alog(guns,, ;) 316+ 8O2FEr  806%F*  991%* 117 118 020 022
(.111) (.112) (.117) ((118) (.OR7) (.088) (.092) (.093)
Alog(guns, , ) 236 o 215% A11 040 037
(.107) (.112) (.114) (.096) {(.099) (.1040)
Alog(gun homades,, ) — 399%&% _ A37TEEE — QFUDEEE  — ]G4
(.039) (044} (046) (.047)
Alog(gun homicides,, ,) — 38 —.071= - 071
(040} (.042) (.042)
Alogi{nongun homicides, .} - 453%%+ — RH7EEx — GEYGHEE  — HRBE**
(.042) (.044) (.044) (.045)
Alog(nongun homicides, ) —0F0%EE. - Dhieew . DRAFEE
(.040) (.042) (.042)
Alog(per capita income ) 197 KULE
{.424) (.421)
Aunemployment rale, 691 —.455
(,900) (.798)
A% aged 18-24, 045 3.474
(4.693) (4.620)
State rend dummies? no no ves yes no TH ves Ves
K 204 299 324 329 257 303 336 E, % )

NuoTE — The dependent varable in specifications 14, Alog(gun homicides |, is the change in the log ol the stare-level gun homicide raie. The dependent variable in speaficanans
58 Aloginungun homicides,), 15 equal to the change o the log of the state-level nongun hamicide rate. These data are viwained [rom the NCHS. The sampic nciudes staleyear
ohservations for 1930-08, The number of observations is 816 1n all regressions except | and 5 which have B67 each. Each regression includes vear fixed effecs and s weighted
by state population, White standard errors are in parentheses,

* Sigmhcant at the 10 percent level.

** Significant at the 5 percent level.

= Siemificant at the 1 pecent level.
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run specifications analogous to those presented in table 5. A comparison
of the coefficient estimates for Alog(guns,, ) and Alog(guns,,_,) in the
Alog(gun homicides,, ,) and Alog(nongun homicides_, ,) specifications
reveals that increases in gun ownership are significantly positively related
to Increases in gun homicides but bear no corresponding relationship
with nongun homicides, This finding strongly supports the hypothesis
that increases in gun ownership lead (o future increases in homicides,
since it is not plausible that individuals would purchase firearms in
response Lo predictable increases in gun homicides but be unresponsive
to expected increases in nongun homicides.

C.  Other Crime Categories

The results from previous research suggest that guns influence criminal
acuvity primarily by increasing the likelihood that a victim will be mur-
dered and by raising the probability that an individual criminal will be
successful (Cook and Moore 19495), but that changes in gun ownership
have a smaller impact on the number of other crimes committed. If
this hypothesis is true, then one would expect to find a much weaker
relationship between changes in gun ownership rates and future
changes in other crime rates.

To test this hypothesis, I run specifications similar to the ones de-
scribed above for every individual crime category. In each specification,
I include lagged changes both for the gun magazine sales and for the
appropriate crime category. I use data from the FBI's Uniform Crime
Reports, which provides annual state-level data on the number of hom-
icides, robberies, aggravated assaults, rapes, burglaries, larcenies, and
auto thefts. The coefficient estimates for Alog(guns,, ,) and
Alog(guns,, ;) are displayed in table 7, which also provides summary
statistics for each of the variables of interest.

As is clear [rom the coefficient estimates, the relationship between
state-level changes in gun ownership and future increases in robberies,
aggravated assaults, and rapes is much smaller than the corresponding
one with gun homicides. In all three cases, the two coetficient estimates
ol interest arc statistically insignificant. Similarly small estimates are
tound for the three specifications relating to property crimes (burglary,
larceny, and theft), although two of the six coefficient estimates are
significantly positive. Given that nearly 500,000 guns are reported stolen
annually, guns are apparently considered a valuable commodity to crim-
inals. It is therefore plausible that increases in firearm ownership may
increase the payoff to crimes of theft. In any case, the estimated effect
1s much smaller than the corresponding one for homicides, which is
driven entirely by a relationship between changes in gun ownership and
gun homicides. This set of findings strongly suggests that increases in
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TABLE 7
RELATIONSHIP BETWEEN CHANGES IN GUN OwNERSHIP AND FUTURE CHANGES IN CRIME
MEAN AND
STANDARD
EE%ii::f ALog{Guns) COLFFICIEN]
o ESTIMATES
DENT
VARIABLE -1 i—32
DEPENDENT VARIABLE (1) (2) (3)
Alog(gun homicide,) - 026 J06GF*+F 228%x
(.166) (.117) (.112)
Alog{nongun homicide, ) —.028 20 040
(.163) (.092) (. 099)
Alog (FBI hamicide,) —.027 180% 210%+
(.123) (.103) (.094)
Alog(FBI robbery,) =017 —.016 069
(.104) (.0Y7) (.06Y)
Alog(FBI assault,) L0110 —, 007 =013
(.091) (.0B3) (.061})
Alog (FBI rape ) 008 — 0h2 —.(192
(.0835) (.07%) (.060)
Alog(FBI burglarvy,,) —.038 —.002 L4
(.065) (.054) (.044)
Alog (FRI larceny,) —.009 LB]** 032
(.048) (.036) (.085)
Alog(FBI auto thetr,) -.004 043 019
(.096) (.077) (.073)

NoTE. —The coneffictent estimartes for Alogiguns,, ) and Alogiguns,, ) {(from a specification analogous w specifi-
cation 3 in wable 6) are displayed in cols. 2 and 3, Each specilication includes lagged changes ol the approprnate crime
category. The sunumary staustcs lor each of the dependent vanables are provided 1n col. 1, The mean and standard
deviaton for Alog{guns,) are .003 and .074, respectively. For all specifications, the sample includes state-year ohaervanons
for 1980-98, resulting in 816 ohservations, Each regression includes vear fived effects and bs weighred by siare popularion.
White standard errors are in parenrheses.

* Significant at the 10 percent level,

** Significant at the 5 percent level,

*F Significant at the 1 peccent level,

gun ownership lead to increases in the number of homicides, but the
evidence for etfects on other crime categories is much weaker. The next
subsection uses county-level FBI crime data to turther probe these
results,

D.  County-I.evel Estimates of the Relationship between Gun Ownership and
Crime

The FBI's Uniform Crime Reporis data provide annual county-level infor-
mation on the number of crimes in each of the seven categories de-
scribed above. An examination of these data reveals that there is sub-
stantial underreporting, with many states neglecting to provide
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county-level crime data [or multiple years."” In constructing the state-
level crime data utilized above, the FBI attempts to account for under-
reporting or changes in the reporting practices of police precinets. Thus
state-level data are likely to be a more reliable guide to changes in crime
patterns, Despite the problems associated with the county-level crime
data, I usc them here to probe the state-level results described ahove.
[ include in the empirical analysis in this section all counties with pop-
ulations of 100,000 or more and collapsc the remaining counties within
each state into 48 “rest of state” observations,'

Table 8 summarizes a set of specifications analogous (o the ones pre-
sented in rable 5 that examine the dynamic relationship between
changes in gun ownership and changes in homicide rates. The statis-
tically significant estimate of .142 in column | implies that a 10 percent
increase in gun ownership is associated with a 1.42 percent increase in
the homicide rate in the following yvear. This result is similar to the state-
level estumate, although it is slightly smaller in magnitude. The coefli-
cient estimale for the second lagged change in gun ownership is also
significantly positive, as column 2 shows. Including county trend dum-
mies 1in column 3 does not appreciably affect the rwo coefficient esti-
mates, although the second one becomes insignificantly positive, In
specification 4, I adjust the standard errors to account for the possibility
that county-level changes in homicides or in gun ownership within a
state during a year may not be independent.'* Columns 5-8 reveal that,
as was true in the state-level regressions, the relationship between lagged
changes in homicide rates and current changes in rates of gun own-
ership are much smaller in magnitude.

In table 9, I present the results from regressions analogous to spec-
ification 4 in table 8 that examine the relationship between lagged

" See Maltz (1999) for a detwiled description of the reporting problems with county-
level crime data. The states that are especially bad at reporting at the county level are
Vermaont, lllinois, Montana, and Mississippi. Many other sttes, including Florida, Georgia,
lowa, and Kentucky, fail to report any crime data for one or more years, A comparison
of the summary statistics at the state and county levels reveals that county-level data are
substantially noisier, with standard deviations that are typically two to three times as large
as the corresponding ones trom state-level data (tables 7 and 9). Tn approximately one
out of five cases, the sum of county crimes within a state deviates by more than 20 percent
from the statewide total reported hy the FBI

" While this accounts for less than 11 percent of all counties, those with a population
of 100,000 or mare in 1990 account for almost 75 percent of the U.S. population in 1990,
Without this adjustment, approximately half of the county-year observations will have zero
murders. After the adjustment, virtally none do. Owing to reporting incansistencies with
the maguzine sales data, St, Louis County and St. Louis City are combined into one
observauon, as are Baltimore County and Baltimore City and the five countics in New
York City. For the same reason, there is only one observation annually for the state of
Alaska and one annually for the state of Hawan.

"' For example, there may be state-level changes in legislation that similarly affect county
level rates of gun ownership within 4 state, or the police within a state may change the
accuracy with which they report homicides in particular vears,



TABLE B
Cousty-LEvEL EsSTIMATES OF THE RELATIONSHIP BETWEFN CHANGES IN RaTES oF HoMicipe AND GUN OWNERSHIP

AlLog(FBI Homicides,) ALog(Guns,)
(1) (2) (3) (4) () (6) (7) (8)
Alog(guns,, ) J49%%x 1 RJewE ] gRwe 145*%*%  — 030 —.028 —.OB1¥** — (81**
(054)  (055)  (055)  (063)  (.032) (033)  (034)  (.039)
Alog(guns,, ,) ag* 087 087 - PIgFeF — 123¥FE — ]I
(055)  (057)  (.057) (017)  (017)  (.025)
Alog(FBI homicides,, ;) _ 405#wE  _ 54gRx — 570%¢% — 570%=% 001 003 003 005
(024)  (025)  (023)  (026)  (.003) (.003)  (003)  (.003)
Alog(FBI homicides, _,) — 95BkKx  — QTGERE  — ITGEA 004 004 004
(021) (0200 (.019) (003)  (.00%)  (.003)
County rend dummes? no no yes yes no no VEs yes
Observations 7,766 7,181 7,181 7,181 7,963 7,364 7,359 7,354
R .201 260 287 287 261} 267 A1 318

Notg. —The dependent variable in specifications 1-4, Alog(FBI homicides,), is the change in the Jog of the co unty-level homicode rate. The dependent van ahle in specifications
5-8, Alog(guns,). is equal 10 the change in the log of the counbdevel sales rate of gun magazines. The sample includes county-year ohservanons fur 19580-08. Counties with
a population of 100,000 or more in 1990 are included, with all other counties collapsed into rest of state categories for each state. Cortain county-year ohsenvations are missing
hecause of missing crime data. Each regression includes year fixed cffects and is weighted By county population. White standard errors are in parentheses.

* Sigmificant ar the 10 percent level.

** Sigmificant at the 5 percent level.

ded Signiticant a1 the | percent Jevel.
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TABLE 9
RELATTIONSHIPF BETWEEN CHANGES IN GUN OWNERSHIP AND FUTURE CHANGES IN CRIME
MEAN AND
STAN,DARD ) ALog{Guns) COEFFICIENT
DEVIATION OF Ay
DEPENDENT
VARIABLE | [—2
DFPENDENT VARIABLE (1) (2) (3)
Alog(FBI homicide ) —.028 NELEL AB7
(.199) (.0B3) (.057)
Alog(FBI robbery,) —. 06 LDEY* —.026
(.376) (.041) (.046)
Alog(FBI assault, ) 06 035 — .62
(.270) (.037) (.055)
Alog (FDI rape,) 00 011 59
(.313) (.042) (.051)
Alog(FBI burglary,,) 042 019 — 023
(.226) (.031) [ U3T)
Alog(FBI larceny,) - 014 A23 —. (038
(.298) (.049) [ 044)
Alog (FBI auto theft,) L00 O71# 007
(.333) (087 (.04h)

NOTE.— Lhe coelhicient estimates for Alog(guns,, ;) and Alog(guns, ) (from a specification analogous 1o specili-
cation 3 n fable 6) are displayed in cols. 2 and 3. Each specification includes nwa lagged changes for the appropriate
crime category, Summary statistics for each of the dependent variables are provided in col. 4. The mean and standard
deviation of Alogiguns) are 003 and 114, respectively. For all specifications, the sainple mcludes county-year observadons
for 148098, Each regression includes year fived effects and is weighted by county population, White standard errors
are in parentheses,

* Sigmificant at the U percent level,

“* Signihcant at the 5 percent level,

changes in gun ownership and current changes in the other six types
of crime, Consistent with the state-level analyses summarized in table 7,
changes in gun ownership are more strongly related with future changes
in the homicide rate than with changes in the other crime categories.

Taken together, the results in this section provide strong support for
the hypothesis that increases in gun ownership lead to future increases
in the homicide rate. From 1993 1o 1998, the number of gun homicides
fell by more than 36 percent, whereas the number of homicides in which
some other weapon was used fell by only 18 percent.'” The GSS estimates
suggest that the share of households with at least one gun fell from 42,4
percent to 34.9 percent during that same time period. From the coef-
ficient estimates from table 6 and the GSS estimates of gun ownership,
my findings suggest that approximately one-third of the differential de-
cline in gun homicides, relative to nongun homicides, can be explained
by reductions in the fraction of households owning a gun.' These gains

¥ See Donohue and Levitt (2001) for a discussion of other factors leading 1o recent
reductions in the overall crime rate.

" Errors-in-variables problems with the proxy variable will tend 1o bias downward my
estimates of the relationship between changes in gun ownership and changes in crime,
suggesting that the true inpact of the reduction in gun ownership may be even greater.
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have been concentrated in the states with the largest relative reductions
in gun ownership.

I also find some support for the theory that gun ownership increases
other crime rates, but in all cases the estimated effects are much smaller
than the corresponding one (or the homicide rate.'” This set of findings
contlicts with recent research suggesting that the increases i gun own-
crship caused by the passage of CCW legislation led to reductions in
rates of violent crime (Lott and Mustard 1997; Lottt 1998). In the next
section, I use the sales data for gun magazines to examine the reason
for this discrepancy.

IV. Testing the Impact of CCW Laws

Recent work has explored whether states that enacted COW laws ex-
perienced significant declines in crime relative to other states. The first
paper in this literature argued that the passage of this legislation in 10
states between 1985 and 1991 led to a substantial reducton in violent
crimes (and a corresponding increase in property crimes), as criminals
were deterred by the greater likelihood that potential victims would be
armed and therefore able 1o defend themselves (Lot and Mustard
1997). A series of studies probed the robustness of the Lott-Mustard
results (Black and Nagin 1998; Ludwig 1998; Ayres and Donohue 1999,
Moody 2000), with some finding support for their central conclusions
and others finding that the estimated effects were quite fragile and
sensitive to the precise specificauon used.

Despite the abundance of recent papers in this literature, none has
examined whether CCW legislation increased the likelihood that po-
tential victims would be armed. This probability could change if (1) the
fraction of individuals owning a gun increased or if (2) the frequency
with which existing owners carried their guns increased. Using the sales
data for gun magazines, 1 test whether CCW legislation had an impact
through either of these causal pathways. Finding no evidence of this, |
then probe the Lott-Mustard findings and determine that their central
results are inaccurate. Taken together, the three sets of findings in thas
section cast considerable doubt on the hypothesis that CCW legislation
could plausibly have affected the rate of violent crime,

N () county trends are not mcluded m the hrsi-<hifference specificatinns, changes in
county-level rates of gun ownership are significantly positively related o subsequent
changes in other types of violent crime (Duggan 2000).
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TABLE 10
IMpacT OF CCW LEGISLATION ON ESTIMATED CHANGES IN GUN OWNERSHIP

A Log(Guns,) (N=765)

(1) (2] (3)
CCW, 0038 L00Y 0038
(LOO77) (.00949) (.0099)
K 701 717 748
State trend dummies? no yes yes
State controls? o ne VES

Nure.—The observations include annual statedevel daa for 1978-92 (frst change includes 1977 data). CCW, is set
eyual o une i the year tha legisluton regarding carning concenled weapons is passed within a state and equals one
m all subsequent vears as well, All regressions include year fixed effects and are weighted by state papulation, White
standard errory are in parentheses.

A, The Impact of COW Leguslation on Gun Ownership

Ten states™ passed legislation between 1985 and 1991 that allowed in-
dividuals to carry concealed handguns. If the option to carry a firearm
increased the perceived benefit associated with owning a gun, then one
would expect to find an increase in the fracton of individuals owning
one. To test whether gun ownership did increase in CCW states following
the passage of this legislation, I run specifications of the following form:

Alog (guns,) = a + pCCW,, + BAX, + u, + A, + ¢, (3)

[n this regression, 1 and ¢ index states and years, respectively; guns,
equals the number of gun magazines sold in state ¢ in year £ and CCW,,
is a dummy variable set equal to one il a state allows individuals to carry
concealed weapons and zero otherwise. If CCW legislation led to sub-
stantial increases in the fraction of individuals owning a gun,' then one
would expect to find a significantly positive coeflicient estimate on
CCW,.

The set of regressions summarized in table 10, however, suggests that
gun ownership did not increase significantly in the states that passed
CCW legislation relative to other states, In the first specification I regress
the change in the state-level estimates of gun ownership on a CCW
dummy variable. Year fixed cffects are included to control for changes
in gun ownership rthat are occurring at the nadonal level. The insig-
nificant estimate of .0038 in the first specification suggests that gun
ownership did not increase substantially more in those states that en-

" The 10 states are Maine (1985); Florida (1987): Virginia (1988); Georgia, Pennsylvania,
and West Virginia (1989}, Idaho, Mississippi, and Oregon (1990); and Montana (1991),
The Pennsvlvania law did not include the county of Philadelphia,

*In analogous studies of the effect of changes in the prison population and the paolice
force on the crime rate, Levite (1996, 1997) first demonstrates that his instruments (leg-
islatton on prison overcrowding and the timing of mayoral elections) had a significant
mpact on the number of prisoners and on the number of police. He then uses this
plausibly exogenous variaton to examine the impact on crime.
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acted CCW legislation, This estimate remains small and statstically in-
significant if I include state trend dummies or control variables for states’
economic indicators and demographic characteristics, as the second and
third specilications demonstrate. The results are similar if T run these
regressions instead at the county level with a similar CCW dummy var-
iable, run the regressions in levels of gun ownership with state and vear
hixed effects, or extend the time period under consideration. Thus it
does not appear that the CCW legislation reduced crime by significantly
imcreasing the rate of gun ownership, suggesting that the benetits of
carrying a firearm were not sufficiently large to induce many individuals
who did not already own a firearm to purchase one. This finding weak-
ens the evidence for one of the two causal pathways described above.

B.  Did Crime Decline More in High-Ouwnership Counties?

Despite the apparent absence of an effect on gun ownership, the passage
of CCW laws could still have caused a reduction in crime rates. Criminals
in CCW states may have been deterred from committing crimes because
ol a perception that the existing set of gun owners would now carry
their guns with them more frequently. If CCW legislation did lead to a
reduction in crime through this channel, one would expect to detect
the greatest change in those counties with relatively higher rates of gun
ownership within CCW states.

The logic of this argument is straightforward. Suppose that there are
two types of counties: those with high gun ownership and those with
low ownership. If the frequency with which any individual owner carried
her gun mmcreased uniformly across counties, then rhe prabability that
a portennal vicum would be armed would increase more significantly in
high-ownership areas. As long as criminals did, on average, accurately
perceive differences in gun ownership rates across arcas, one would
expect to see the largest declines in crime in those counties with the
highest gun ownership when the legislation was enacted. Although there
Is no perfect way to test whether criminals accurately estimate gun own-
ership rates, it seems implausible that criminals would systemarically
mistake high-ownership areas for low-ownership ones and vice versa.
The fact that guns are frequently stolen and that criminals often pur-
chase their firearms at gun shows would provide them with two direct
sources of information regarding the rate of gun ownership within an
area.

One potental problem with this line of reasoning is thart the increase
in the propensity of carrying a firearm afrer the passage of CCW leg-
islation may vary systematically with the rate of gun ownership. It seems
likely, however, that this carrying probability for an individual gun owner
would increase most in areas with the highest rates of ownership, be-
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TABLE 11
ErrecT oF PRE-CCW GUN OWNERSHIP ON SUBSEQUENT CHANGES IN CRIME
AlLog(Violent Crime ) AlL.og(Property
( N=629) Crimne,} (N=6138)

(1) (2) (3) (4)
Log(guns,) —.087 031 — 007 RIEY!

(.051) (.06]) (.040) (.045)
Alog(violent crime,, ) — 0N

(.148)
Alog(property crime,, ) —.240
(.214)

F 137 243 281 06
State ctiectsr yes yes yes ves

Mok, —Observanons include those conntdes in the 10 COW smres with nonmissing erime dama. Aviolent orime, is
dehned w be the change in the log of the violent crime rate from one year before the COW legislation was passed o
rwo years alter, The property crime dependent vanable s delined similarly, Regressions are weighted by county pop-
ulation. White standard errors are in parentheses.

ekt Fuign'iﬁr:'l.nl ar the 1 percent lewvel

cause these individuals are likely to have a greater taste for gun own-
ership. This would therefore strengthen the claim that the probability
of carrying a firearm would increase most in high-ownership counties
after CCW legislation 1s passed.

In table 11, 1 explore whether, within CCW states, those counties with
the highest rate of pre-CCW gun ownership had the largest changes in
their rates of violent and property crimes. I include only rthose counties
located in the 10 states that passed CCW legislation during the time
period of interest. In these regressions, the gun ownership measure is
simply the log of the sales rate of gun magazines in a county in the year
before the CCW legislatton was passed. The left-hand-side wvariable
Alog(violent crime,) is the log difference between the violent crime rate
two years after the passage ol CCW legislation and one year before. The
variable Alog(property crime,) is defined similarly.

The first speaficauon suggests that there were not significantly greater
reductions in rates of violent crime in those counties with high rates ot
pre-CCW gun ownership. The estimate on the log(guns,) coefficient is
not affected much by the inclusion of preexisting trends in violent crime
rates, as the second specification shows. The corresponding regressions
for changes in property crime rates, summarized in columns 3 and 4,
are not consistent with the hypothesis that property crime changed
differentially in places with more gun ownership following the passage
of CCW legislation. Similar specifications for each of the individual
crime categories demonstrate that there is no significant relationship
between the pre-CCW level of gun ownership and the subsequent
change in any type of violent or property crime.

Thus it appears that violent crime did not decline significantly more
in counties within CCW states that had high rates of gun ownership,
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suggesting either that existing gun owners did not increase the [re-
quency with which they carried their guns or that this carrying had a
negligible impact on the behavior of criminals. In either case, this find-
ing weakens the evidence tor the second channel through which CCW
legislation could have attected the crime rate.

(.. Robustness Checks of the Lott-Mustard Results

Given that CCW legislation did not lead to significant increases in gun
ownership, nor reduce crime relatively more in places with high pre-
CCW rates of gun ownership, it does not appear that CCW legislation
could plausibly have caused a reduction in crime rates. Therefore, it
would be surprising if one did find a strong reduction in violent erime
rates following the passage of CCW legislation. After all, what would the
causal pathway be? If such a relationship did exist, then possible expla-
nations would be that (1) CCW states were simultancously taking other,
morc ctiective, measures to reduce violent crnime; (2) states pass CCW
legislation when crime is peaking and crime rates exhibit regression to
the mean; or (3) there is an omitted variable that is leading to a spurious
relationship.

In this subsection I probe the Lot-Mustard results to investigate
whether there 1s, in fact, a significant relationship between the passage
of CCW legislation and criminal acuvity. The first set of specifications,
summarized in column 1 of table 12, replicate the Lot-Mustard results
and represent regressions of the following form:

log (crime,,) = e+ X, + pCCW, + X, + 4, + €. (4)

it

In this equation, 4 j, and 7 index counlies, states, and years, respectively.
The coefficient estimates in column 1 suggest that violent crime rares
are significantly lower after states pass CCW legislation and that property
crime rates are correspondingly higher.

One limitation of this analysis is that it implicitly assumes that CCW
laws are varying at the county-year level, when in fact they are varying
only at the state-year level.®™ Therefore, ane must adjust the standard
errors appropriately to account for the fact that county-level distui-
bances may be correlated within a state during a particular year.”' Col-
umn 2 presents coethaent esumates for p from nine analogous regres-
sions that properly account for this. In all cases, the standard errors
increase substantially, and several of the estimates become statistically

' One exception to this is Philadelphia, which was exempt from Pennsylvania’s CCW
legislation during the ume period under consideration,

* See Moulton (1990) for a discussion of this issue, In essence, Lott and Mustard are
assuming that there are 700 independent “natural experiments” when in fact there are
only 10.
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TABLE 12
RopusTness CHECKS oN THE Lorr-Mustarn REsurTs
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COFFFICTENT EsTIMATES oN CCW DusMMy VARIABLE

(1) (2) (3) (4) (5 (6)
Log(murder,) — 0738%%%  — (733*% — 053|* — (063U* — 0DYS 004
(.OL5T) (.02495) (.0304)  (.0356)  (L0351)  (L0529)
26,458 26,458 26,458 26,408 46,979 46,979
Log(rape,) —0520%*+  — 0520 —.0426*F (%44 0668 — 0401
(.0122) (.02352) (0217)y  (.0854) (038R} (.0433)
33,865 33,865 33,865 33,865 46,161 46,161
Log (assault,,) —. (G — (09 — 0382%*  — (558*  —.0460 0129
(.0144) (,0277) (.0263)  (L0286)  (.0294)  (.0432)
43,445 43,445 45,445 45,445 46,893 46,894
Log(rabbery, ) — 225+ —.0225 0254 0417 C0996*  — 0073
(.0133) (0354} (.0364)  (0509)  (W0B62)  (LOY26)
44,949 34,949 34,9449 34,9449 46,974 46,974
Log(violent crime ) {4BE***  — (488**  — 0250  —.0072 0029 — 007k
COOOR)  (.0218)  (.0213)  (0258)  (0254)  (L0400)
43,401 43,451 13,151 13,151 46,070 46,0710
Log(burglary,) L0005 Q005 320 LD768%%  8I7** (3200
(.U076) (.0229) (0244)  (L0337)  (W0336) (L0537
45,7649 45,769 45,769 45,769 46,970 46,970
Log(larcenv,) NIRRT Sl 0354 A298 AM87 {483# 182
(.(HIRD) (.0227) (0209)  (0803)  (.0291)  (.0497)
15,743 45,743 45,743 45,753 46,973 46,973
Log(auto theft,) 707 e O701%%  0998*&=  DY1O**+  ]114+%%% 0545
(.0113) (.0259) (.0259)  (.0443)  (0436)  (.0K70)
44,360 44 96() 44,360 44,360 46,978 46,978
Log(property crime,)  0267+%* A267 0452*%%  DBATHE  DGBG* L2109
(.0072) (.0189) (LO190)  (0266)  (W0261)  (.0455)
45,94() 45,940 45,940 45,940 46,963 46,963

ST R ———

Nure.—Each cell contains a coethicient estmate for the CCW dummy vanable from specificanons analogous 1o o4,
(4w the st The dependent varable in each case 5 the log of the come ruee (per 100,000 conny residens). Col.
| rephicates the resulis from Lot-Mustard (19497). Col. 2 contains the same coelhicient estnnates with the proper
adjnstment 1o the standard errors, accounting for the fact that the dependent vanable of interest varies only at the
srare-vear level, The Hrmf-lﬂrm estis stimiimartzed in ool % correet the COW r_||,|mm!|,.' varigble 4o that it is consistenty defined
across states. Col. 4 includes only counry and year fixed effects, in addition o the COW dummy variable, bot retains
the same sample that = mcluded 0 cols, 1-3, The hith speciticavons summarized in col, 5 include those counries with
nonmissing cnme rale data. The coefhicients displayed in col, 6 equal the dillerence beiween the COW dunmy variable
and the estimate for the dommy variable that equals one in the year before a state passed CCW legislation.

* Kignificant at the 10 percent level

** Significant at the § percent level.

T significant a che 1 percent level.

insignificant.”™ The regressions summarized in column 3 adjust the Lott-

“ As Bertrand, Duflo, and Mullainathan (2001) point out, the Maulton correction alone
15 typically not suflicient for differences-indifferences esumators that uulize more than
two periods of data because of autocorrelation in both the intervention variable and the
economic vanable of mterest. A simple application of their randomization interence test
to the Lot-Mustard data reveals that the true standard errors are approximately twice as
large as those listed in col. 2, For example, the standard errors in the log(murder) and
log(rape) specifications approximately double from .030 to .057 and from .023 to 048,
respectively. As a result, none of the coefficient estimates on the COW dummy variahle
remain statistically significant, and all the fstatistics have a magnitude of less than 1.3,
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Mustard CCW dummy variable to be consistently defined across states.”
For all five violent crime categories, the coefficient estimates become
less negative, suggesting that the point estimates from the previous col-
umns are systematically biased.

The coefficient esumates displaved in column 4 are obtained from
specifications that utilize the same sample of counties but include only
year and county fixed effects with the CCW dummy variable. This ro-
bustness check is motivated by the fact that the previous specifications
include dozens of control variables that are quite imprecisely estimated
at the county level on an annual basis. More important, some of these
controls are mechanically related to the dependent variables in each
specification,” which could bias the CCW coefficient estimates, A com-
parison of the estmates listed in columns 3 and 4 indicates that this
adjustment weakens the CCW findings in all but one of the specifications
of violent crime.

Because a substannal share of all countv-year observations are ex-
cluded from these regressions, one important issue concerns the sen-
sitivity of the coefficient estimates to the resulting sample selection.
Column 5 provides results from regressions that include all county-year
observarions with nonmissing crime data and demonstrates that the
CCW dummy variable is not significantly negatvely related to any of
the five violent crime variables.” It therefore appears that the sample
selection leads to an overestimate of the impact of CCW legislarion on
violent crime.

While the column 5 estimates do not suggest a significant relationship
between CCW legislation and violent crime, there is a significantly pos-
itive relationship between the passage of CCW legislanon and the rate
of property crimes. The results summarized 1in column 6 probe the
robustness of this result by estimating specifications of the following
form:

log (crime,;,) = o + X, + yYCCWPRE, + pCCW,
F Nt ot oe (5)

The dummy variable CCWPRE equals one in the year fmorto the passage
of CCW legislation and in every year thereafter, Thus the esumate for
the CCW variable essentially represents the ditlerence between average
crime rates [ollowing the passage of CCW legislation and in the vear

““In their regressions, the CCW dummy is set equal to one in the year that legislation
was passed and in all years thereafter for eight of the 10 states, For Florida and Georgia
the dummy variable s set equal (o one in the year after the legislation was passed

“ For example, the number of crimes is 1n the numerator of the dependent vanable
and in the denomimator of one of the explanatory variables—the arrest rate.

“ If one runs similar specifications using annual state-level darta, the resulis also do not
support the Lott-Mustard findings.
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immediately before. In all specifications, the coetlicient estimate for the
CCW dummy variable is statistically insignificant, This finding suggests
that property crime rates were trending up differentially in CCW states
prior to the passage of the legislation and that the passage of the law
was not associated with a significant change in property crime relative
to its pre-CCW rate,

Carrying concealed weapons legislaton could plausibly have affected
the crime rate through two channels. Using the magazine sales data, 1
find no evidence to suggest that CCW laws caused a reduction in the
violent crime rate through either of these two pathways. Consistent with
this, robustness checks of the Lott-Mustard findings cast considerable
doubt on the hypothesis that CCW legislation had any effect on crime
rates,

V. Conclusion

This paper uses a unique data set to demonstrate that increases in gun
ownership lead to substantial increases in the overall homicide rate,
This is driven entirely by a relationship between firearms and homicides
in which a gun is used, implying that the results are not driven by reverse
causation or by omitted variables. The relationship between changes in
gun ownership and changes in all other crime categories is weaker and
typically insignificant, suggesting that guns influence crime primarily by
increasing the homicide rate.

The data employed in this paper should allow researchers to answer
other important questions regarding the impact of alternative gun con-
trol policies and the effect of gun ownership on other outcomes ot
interest. After peaking at more than 39,000 in 1993, the number of
individuals dying from gun-inflicted injuries fell by 23 percent during
the next five years. While much of this decline is due to a reduction in
gun homicides, the number of dearhs from gun suicides has also fallen
substantially. Whether recent reductons in firearm ownership have
caused the reduction in the nation’s suicide rate is an important topic
for future research.

More generally, the magazine sales data employed in this paper sug-
gest an alternarive strategy for estimating variables that have previously
been considered unobservable. Similar applications of these dara in
other settings may allow researchers to answer other important empirical
questions more convincingly.
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