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Abstract

How do regulations in one jurisdiction reshape economic activity across jurisdictional bound-
aries? We study this question in the context of interstate firearm sourcing in the United States,
where regulatory authority is decentralized but firearms move across state borders. First, we
develop a theoretical model based on a Ricardian framework in which the geographic ori-
gins of recovered crime guns—firearms recovered during criminal investigations and traced
to their original retail sale—are determined by state-level acquisition accessibility and bilat-
eral geographic frictions. The model delivers a gravity structure and predicts that sourcing
shares decline with distance, stricter source-state regulations reduce sourcing from those states,
and stricter recovery-state regulations induce substitution toward out-of-state sources. Sec-
ond, using bilateral firearm tracing data from 2009-2023, we find empirical patterns consis-
tent with these predictions. Moreover, we uncover substantial spatial heterogeneity: regula-
tory spillovers diminish with distance, but their magnitude and geographic reach increase with
source-state population. Third, we structurally estimate the model and conduct counterfactual
experiments showing how unilateral regulatory changes propagate through the national sourc-
ing network, while regulatory harmonization redistributes sourcing shares across states. Our
findings show how geographic frictions and market size shape the transmission of regulatory
spillovers in a decentralized policy environment, highlighting the importance of accounting for
cross-jurisdictional substitution when evaluating place-based regulations.
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1 Introduction

Gun markets in the United States operate across state borders, while the laws governing firearm
acquisition vary substantially across states. This heterogeneity creates the potential for regulatory
spillovers: regulations adopted in one state may influence the geographic origins of firearms re-
covered both within that state and elsewhere. Firearm-tracing data reveal patterns consistent with
such spillovers. Traced crime guns—firearms recovered during criminal investigations and suc-
cessfully traced to their original retail sale—frequently originate outside the state in which they
are recovered. In particular, states with stricter firearm regulations tend to recover a larger share of
guns originally sold in more permissive states. These patterns suggest that regulatory conditions
and geographic proximity may systematically shape the origins of recovered crime guns. Con-
sequently, systematic economic forces, rather than purely idiosyncratic or local factors, shape the
interstate origins of recovered crime guns.

It is important, however, not to interpret every interstate recovery as evidence of trafficking
through a criminal network. An interstate source-recovery link identifies where a firearm was
first sold and subsequently recovered, but does not establish how or why it crossed state lines. A
firearm may move with its lawful owner, change hands through secondary-market transactions,
or cross state borders following theft or an illicit transfer. We therefore study the geographic com-
position of recovered firearms without attributing all interstate recoveries to a particular transfer
mechanism.

We develop a theoretical and empirical framework to analyze interstate firearm recoveries,
drawing on insights from trade theory and the economics of crime. Adapting the sourcing struc-
ture of Eaton and Kortum (2002), we model the distribution of origins among recovered firearms as
an equilibrium allocation shaped by source-state acquisition accessibility and bilateral geographic
frictions. We use “flows” to describe bilateral source-recovery counts and “shares” to describe
each source state’s contribution to recoveries in a destination state. The model characterizes these
sourcing shares, taking the total number of recoveries in each destination as given. It therefore
provides a framework for studying how regulatory differences shape the composition of recov-
ered firearms, rather than their aggregate availability.

The model delivers four main theoretical predictions. First, a source state’s share of recoveries
in a destination declines as bilateral geographic frictions increase. As a result, bilateral crime-gun
shares exhibit a gravity-like structure, in which proximity plays a central role. Second, greater
regulatory stringency in a source state, which lowers acquisition accessibility, reduces its share of
recoveries elsewhere. Third, greater regulatory stringency in the recovery state raises the share of
recovered firearms originating outside that state by making local sourcing relatively less attrac-
tive. This substitution mechanism concerns the composition of recoveries and does not imply an
increase in their total number. This result suggests that state-level policies may reallocate, rather
than eliminate, the availability of crime guns. Fourth, the effects of regulatory differences scale
with population and decay with distance, indicating that policy spillovers are strongest among

populous geographically proximate states.



We test these predictions using a comprehensive panel of state-level bilateral crime-gun recov-
eries from 2009 to 2023, combining Bureau of Alcohol, Tobacco, Firearms and Explosives (ATF)
tracing records with measures of state gun laws. Our empirical strategy estimates gravity spec-
ifications motivated by the model, relating bilateral recoveries to regulatory conditions and geo-
graphic frictions while accounting for destination recovery totals, to observed patterns of bilateral
crime-gun shares. We examine alternative lags of regulatory measures because firearms may be
recovered many years after their original retail sale. Our identifying assumption is that lagged
regulatory measures are uncorrelated with unobserved determinants of bilateral recovery shares,
conditional on source-state, destination-state, and year fixed effects and the included controls. This
assumption is arguably more plausible for source-state regulations, which are primarily shaped by
conditions in the source state, than for destination-state regulations, which may respond to local
conditions that also affect firearm recoveries.

The results support the model’s central sourcing predictions. Bilateral recovery shares decline
with geographic distance. Stricter source-state regulations are associated with smaller shares of
firearms originating from those states, whereas stricter destination-state regulations are associ-
ated with greater reliance on out-of-state sources. Finally, the effects of regulatory differences are
concentrated among geographically proximate states, consistent with distance decay in interstate
spillovers. We further show that this decay is not uniform across states: the geographic reach of
regulatory spillovers expands with the population of the affected state, so that policy changes in
large states propagate substantially farther than comparable changes in small states —a margin not
addressed in prior gravity-based studies of firearm recoveries.

The estimated effects of firearm regulations are generally larger in magnitude when laws are
measured several years before recovery. This pattern is consistent with delayed policy effects and
the long intervals between original retail sales and subsequent recoveries. However, estimates
from separate lag specifications do not identify the full dynamic response to policy adoption. Fi-
nally, we examine which types of laws drive the results and find evidence that prohibitions against
high-risk owners, possession regulations, buyer regulations, and background checks contribute to
the main findings.

We next use the model to quantify how counterfactual regulatory changes alter the distribution
of sources among recovered firearms. After structurally estimating bilateral frictions and state-
level accessibility parameters, we use the estimated model to simulate how changes in regulatory
conditions affect the sourcing shares across all destinations. These exercises capture substitution
across the national sourcing network while holding geographic frictions and other fundamentals
tixed. They quantify changes in sourcing composition, not changes in total recoveries or crime.

To quantify these mechanisms, we conduct two counterfactual policy experiments. The first
counterfactual examines a policy change in a single large state. Motivated by ongoing debates over
firearm regulation in New York, we simulate a scenario in which New York reduces its measured
number of gun laws to the level observed in Texas in 2023, while keeping other states” regulations
at their baseline levels. Because New York is geographically connected to several densely popu-



lated states, this experiment illustrates how policy changes in a single jurisdiction reshape sourcing
patterns across the national network. The largest adjustments occur within New York itself. The
model predicts a substantial increase in the share of firearms recovered in New York that were
originally sold within the state. New York also becomes a more prominent source of firearms re-
covered elsewhere, with the strongest spillovers occurring in nearby states. In Massachusetts, New
Jersey, and Vermont, the share of recovered firearms originating in New York increases, while the
shares originating from local markets and alternative sources, such as Florida, decline. Spillovers
to distant states are much smaller. States such as California and Texas exhibit only modest changes
in sourcing patterns, including small increases in New York’s contribution to their recoveries.

We then turn to a system-wide counterfactual to examine the role of cross-state regulatory dif-
ferences. The second counterfactual considers a hypothetical reform in which all states adopt the
median number of gun laws observed in 2023. This exercise eliminates cross-state differences in
the measured law count, while holding geographic frictions and other fundamentals fixed. Equal-
izing law counts does not impose an identical set of regulations across states; instead, the exercise
isolates the contribution of differences in the regulatory index to predicted sourcing patterns. This
counterfactual illustrates how regulatory harmonization reallocates sourcing shares across the na-
tional network.

These findings have implications for the design and evaluation of state firearm policies. State-
level gun laws do not operate in isolation: regulatory asymmetries generate incentives for in-
terstate acquisition, weakening the effectiveness of strict regulations in high-control states. This
substitution mechanism highlights the importance of considering interstate spillovers when eval-
uating state-level policies and the potential role of regional or federal coordination. The geographic
concentration of these spillovers also suggests that nearby states’ regulatory conditions are partic-
ularly relevant.

Our paper contributes to the literature on interstate firearm sourcing in three ways. First, we
develop a theoretical model based on a Ricardian framework that characterizes the distribution
of recovered firearms across source states as a function of acquisition accessibility and geographic
frictions. This framework provides a structural foundation for the gravity relationships observed
in interstate firearm sourcing. Second, using a bilateral panel covering 20092023, we provide em-
pirical evidence consistent with the model’s predictions regarding regulatory spillovers. We fur-
ther show that these spillovers are geographically concentrated and that their magnitude increase
with source-state population. Third, we structurally estimate the model and conduct counterfac-
tual experiments to quantify how changes in state-level firearm regulations reallocate the predicted
origins of recovered firearms across the national sourcing network.

The rest of the paper proceeds as follows. Section 2 discusses the related literature. Section
3 provides background on firearm tracing and interstate crime-gun recovery patterns. Section
4 develops the theoretical framework and derives testable propositions. Section 5 describes the
data and estimation strategy. Section 6 presents the reduced-form results. Section 7 estimates the
structural parameters and evaluates counterfactual policy experiments. Section 8 discusses the



policy implications. Section 9 concludes.

2 Related Literature

The topic of gun trafficking has been of significant interest in the economics and public health
space. Webster et al. (2009) explores the effects of state-level firearm laws on gun trafficking using
a cross-sectional approach and city-level (54) data from 2000 to 2002. The main outcome variable in
the study was the number of “likely ‘trafficked” crime guns” sold by an in-state dealer divided by
the number of older (three or more years old) crime guns — also sold by an in-state dealer.! Webster
et al. (2009) finds that the share of likely trafficked crime guns is decreasing in dealer regulations
and the regulation of private sales. Surprisingly, however, Webster et al. (2009) finds no evidence
that distance significantly affects the share of likely trafficked crime guns. Similarly, Collins et al.
(2018) examine the share of crime guns recovered in a state that were originally sold in the same
state. Using an index similar to the one we use here, they find that states with more gun laws had
fewer guns traced to an in-state dealer.

A separate literature examines interstate crime gun flows using a gravity-model framework
(Kahane, 2013; Knight, 2013; Andrade et al., 2020; Roberts et al., 2024). Kahane (2013) applies
this approach and finds that crime guns follow patterns reminiscent of international trade: flows
respond strongly to market size and especially to distance; the latter result stands in apparent
tension with the null distance finding for intrastate trafficking in Webster et al. (2009). The same
study also shows that interstate flows are influenced by gang activity and differences in state gun
laws. Using the same 2009 recovery data, Knight (2013) derives the gravity specification from
micro-foundations. A limitation of both studies is their cross-sectional design, which prevents
causal claims about how changes in state gun laws affect interstate gun trafficking. Kahane (2020)
builds further on Kahane (2013) by demonstrating the main results hold in a panel context — though
with limited fixed effects due to the short nature of the panel (2010-2015). Roberts et al. (2024) also
explores crime gun sources using a gravity model framework and reports results similar to those
discussed above, while also finding that flows are higher if the source and destination states are
connected via a major interstate highway. Finally, and similar to our own work, Roberts et al.
(2024) shows that gun laws in the origin state decrease recoveries in the destination state, while a
similar increase in destination state gun laws increases gun recoveries originating from out of state.
None of these studies explore how the effects of regulations scale with population and distance.

A third area of related research involves the economic analysis of crime, illegal goods, and
underground markets. Seminal work by Becker (1968) conceptualizes criminal behavior as an
economic choice shaped by incentives, risks, and enforcement. Subsequent research has applied
this framework to illegal drug markets, human trafficking, poaching, and tax evasion, empha-

sizing how enforcement, regulation, and market structure shape illicit transactions. Our paper

LA crime gun is defined as a gun that is recovered during the course of a criminal investigation. Likely trafficked
guns are defined as guns that were recovered less than one year after their retail sale.



extends this line of inquiry by modeling firearm trafficking as an equilibrium outcome influenced
by regulatory frictions and geographic distance. Firearm-specific research has primarily examined
the relationship between gun regulations/gun laws (c.f., Edwards et al., 2018) and crime and/or
firearm prevalence (c.f., Duggan, 2001; Wiebe et al., 2009; Siegel et al., 2013; Steidley et al., 2017;
Johnson et al., 2024; Chalak et al., 2022; Johnson and Robinson, 2024). Much of this literature re-
lies on state-level or county-level variation in firearm laws to study how legal access affects crime
rates, homicides, or gun purchasing behavior. In contrast, our paper focuses on the cross-state flow
of recovered crime guns - an explicitly spatial phenomenon — and shows that trafficking responds
systematically to regulatory asymmetries across states.

Our empirical framework is based on the gravity model, which has become a central tool for
analyzing bilateral flows across a wide range of economic settings. Originally developed to ex-
plain international trade in goods, gravity models consistently document that flows decline with
distance and rise with economic size and source-destination characteristics. Beyond goods mar-
kets, the gravity structure has been used to study trade in financial assets (Portes and Rey, 2005),
foreign direct investment (Ramondo, 2014), cross-border digital content consumption (Broocks and
Studnicka, 2025), and even the global migration of professional athletes (Hamilton, 2024). These
diverse applications highlight the robustness of gravity models in capturing frictions, spatial de-
cay, and cross-location substitutability.

We bring this framework to the study of firearm trafficking or, more technically, crime gun
recoveries. Although firearms are not typically traded legally across state lines (especially hand-
guns), the underlying economic forces — searching for lower-cost sources, regulatory arbitrage, and
geographic frictions — closely mirror those governing international trade. Our structural model
adapts the Eaton and Kortum (2002) Ricardian framework to an illicit market, showing that traf-
ficking networks select source states in the same cost-minimizing manner as firms selecting suppli-
ers in global trade. This “trade” approach has also been applied to other contexts, such as abortion.
For example, Molina and Siegal (2025) finds that individuals are significantly less likely to move
to states that adopt stricter abortion laws. Our work expands on this idea that there are often

regulatory spillovers while also highlighting the limits of unilateral state regulation.

3 Background on Crime Guns and Gun Laws

In this section, we provide an overview of the firearm ecosystem. This includes gun manufactur-
ing, background checks, Google searches, crime-gun tracing data, trafficking patterns, and other
key empirical facts that motivate our theoretical and empirical analysis. While we use the term
trafficking for narrative clarity, it is important to note that tracing events are not limited to traf-
ficking in a strict legal sense. Many traced firearms come from possession-related offenses which,
although not formally classified as trafficking, often involve informal or questionable transfers that
share similar economic dynamics and blur the line between trafficking and sloppy gun steward-

ship. That said, as we will discuss, the mechanisms that affect trafficking are likely similar to those



Figure 1: Gun Interest/Transactions and Recoveries (2009-2023)
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Notes: Number of guns successfully traced (blue) and standardized NICS checks (red), handguns manufactured (green),
and Google searches with the word “gun.”

that determine the share of gun owners who are likely to engage in sloppy practices.

3.1 Gun Interest/Transactions and Recoveries

In Figure 1, we present trends of standardized measures of gun transactions/interest along with
the total number of guns successfully traced from 2009 to 2023. The measures of gun transac-
tions/interest are National Instant Criminal Background Check System (NICS) Checks explicitly
for a gun, handgun manufacturing, and Google Searches with the word “Gun.” As expected, each
of these variables moves together and shares the same ebbs and flows.

Additionally, trends in interest/transactions follow recoveries; however, recoveries are much
smoother. This likely reflects that while crime gun recoveries are positively related to demand
shocks, the total number of recoveries in a particular year is also more driven by the existing
gun stock, which is significantly larger than the new guns produced each year. Finally, the inter-
est/transaction data paired with the recovery data foreshadow a lagged relationship between gun
recovery and original sale, with recoveries noticeably increasing in 2014, or roughly five years after

the noticeable increase in interest that occurred from 2010 to 2013.

3.2 Average Time to Crime

The ATF also keeps track of the average time-to-crime by state pair. These data span 2010 to 2023.
Over this period, the average time to crime (which is an average of the averages) is 13.88 years.
The average time to crime for guns that were recovered in the state where they were originally

2Similar data for 2009 was not available at the time of writing.



sold is 13.54 years, and the average time to crime for guns that were recovered in a different state
from where they were originally sold is 13.90 years. This difference is not statistically significant
(heteroskedastic t-test: p = .0625). While the means are not significantly different, the medians
are. The median average time to crime for guns recovered in the same state where they were sold
is 10.87 years, compared with 12.94 years for guns recovered in a different state from where they
were originally sold.® This difference is statistically significant (p < .001).

Average time to crime by year and source is found in Figure 13 (Appendix) along with the
overall distributions. Since 2010, the average time to crime has decreased from about 14 and a half
years from 2010 to 2018 and closer to 12 years from 2020 onward. This decline is likely not due to
COVID/Floyd-related unrest as the decline started in 2014 and continued until 2021, with a slight
uptick occurring in 2022. The time to crime for domestic crime guns (guns recovered in the same
state they were originally sold) is remarkably consistent over time, with the only obvious drop
corresponding to the 2020-related unrest. This is not the case for exported crime guns.

We focus on the average time to crime because the ATF files that we use do not provide this
information. Instead, the files break the time-to-crime into different bins of unequal sizes (e.g., less
than 3 months, 3 to 7 months, 7 months to under 1 year, etc., with the final bin being 3 years and
over). That said, we can infer some information about the median time to crime over the course
of the panel based on the total number of guns recovered and the total number of guns recovered
that had a time to crime under 3 years. The logic here is that if more than half of the recovered
guns have a time to crime under 3 years, then the median has to be under three years.

Of the 33,840 observations (pair-years), we can find the percent of recovered guns with a time to
crime less than 3 years 27,595 times; the remaining pair-years had no recoveries and are excluded.
Of these cases, 2,894 have a share above 50 percent and therefore mechanically must have a median
time to crime less than 3 years. On average, 21 percent of all recovered crime guns have a time to
crime less than 3 years, but this share has been increasing over the panel and started at around 15
percent in 2010 and was double that in 2021 (30 percent).

The big takeaway here is that we have a range of plausible lags in which there is expected to be
a relationship between gun law changes and crime gun recoveries. Large significant effects should
not be seen until about the fourth or fifth lag and should decline after about the tenth to thirteenth
lag.

3.3 Crime Gun Flows

To understand firearm flows, we begin by examining firearm tracing data from the ATF. Figure 14
(Appendix) presents the most common reasons for firearm tracing requests between 2012 and 2019,
as published by the ATF alongside source-recovery data. Notably, explicit trafficking accounts for
less than 3% of all firearm traces, indicating that most traced guns are linked to other types of

offenses, including illegal possession, firearms that were found, and violent crimes. Unfortunately,

3Note this is the median across state-pairs of the pair-level average time-to-crime, not the median of the individual
gun level time-to-crime distribution.



source-recovery data by crime is not available.

A significant share of crime guns originate from informal sources rather than traditional retail
channels (Braga et al., 2002). According to the Bureau of Justice Statistics (Alper et al., 2019), 43.2%
of firearms used in crimes originate from off-the-street or underground markets, while 25.3% are
obtained from individuals through informal exchanges. In 2016, only 10.1 % of the guns used
in crimes originated from a retail source, and much lower than what was reported in the early
90’s (Harlow, 2002). These figures highlight the importance of secondary markets and informal
transactions in the supply of crime guns. The persistence of underground markets suggests that
tirearm trafficking operates through decentralized, illicit networks rather than centralized, large-
scale smuggling operations. Some of this likely reflects differences in the average “quality” of gun
owners and/or predisposition to carry across states. For instance, a state like Mississippi, with
relatively few gun laws and high crime, will likely have a larger share of gun owners who are
legally prohibited from owning/carrying firearms in a more progressive state or who are more
likely to carry a gun. If these individuals move, it will naturally lead to an increase in gun recov-
eries from Mississippi, but these recoveries would not be due to activity reasonably related to or
classified as trafficking so long as the gun was legally acquired in the first place (e.g., a gun dealer
in Mississippi).

Most crime guns are recovered in the same state where they were first sold. The majority of
guns traced by the ATF are pistols (58%), though revolvers and rifles each make up about 15 %.
On average, roughly 69% of guns traced by the ATF were originally sold in the domestic state, and
31% were first sold in a different state. The largest importer (California) accounted for around 14
percent of all the imported crime guns and makes up about 28 % of all the guns traced by the ATF
to a state different from where they were recovered.* The sources of out-of-state crime guns are
stable. This is shown in Figure 2, which presents the sources of crime guns for each state by census
division in 2010 and 2023. In each subplot, line width and opacity indicate the number of crime
guns, while the arrows indicate the direction of the flow. For example, the large arrow going from
Indiana to Illinois in the top-left panel of Figure 2 indicates that a large number of guns recovered
in Illinois in 2010 were originally sold in Indiana.

Figure 2 shows that several consistent patterns emerge. First, some states are persistent “non-
players.” These states are generally found in the New England and West North Central divisions.
States in these regions neither export nor import many crime guns. Demographically, these states
tend to be sparsely populated and predominantly White. Second, states with large amounts of
crime (though not necessarily high crime rates) and relatively strict gun laws tend to import many
crime guns, with the bulk often originating in neighboring states with fewer firearm restrictions.
A slight exception is found in the Mid-Atlantic states, which frequently receive crime guns from
South Atlantic states along the 1-95 corridor. Third, crime gun sources tend to be geographically
clustered; all else equal, border states are the most common sources of out-of-state crime guns.
Finally, these networks and relationships are remarkably stable. Arizona, for example, is the largest

4To put some of these shares in context, the import-to-GDP ratio is roughly 14% with China-the US’s largest trading
partner—accounting for roughly 20 % of these imports.



source of out-of-state crime guns recovered in California in both 2010 and 2023.

There is also evidence that these patterns are shared at a more micro-level and was also recently
discussed in Johnson and Robinson (2024), which introduces a measure of gun presence/dealers
that implicitly adjusts for the possibility of seepage by allowing the measure of gun presence to
increase (or decrease) as a function of the gun dealers in the counties adjacent to the central /queen
county. This idea is later expanded on in Johnson et al. (2024), who do so with a crime-gun database
much like the ATF data used here, from the state of Pennsylvania, and show that while the bulk
of crime guns come from within the same county they were sold, there is seepage from outside
sources. Figure 15 (Appendix) builds on this further by presenting the source of traced crime guns
for the state of Pennsylvania in 2019. Here we note patterns reminiscent of those in Figure 2. Crime
guns that are from out-of-country sources are often from neighboring counties and/or counties
with large populations (e.g., Allegheny County is a common source of crime guns recovered in
Philadelphia County). The “non-player” counties also resemble the “non-player” states and have
small populations and are predominantly White.

3.4 Gun Laws, Gun Prices, and Interstate Crime Gun Flows

State-level gun laws share an important feature with gun sales, concealed carry permits, and gun
markets: their variation is highly structured. For instance, Johnson and Topaz (2025) and Topaz
and Johnson (2025) show that gun sales and gun markets are “low-dimensional,” with one or
two principal components explaining 85-95% of their total variance. Additionally, in panel spec-
ifications, geographic fixed effects (county or state, as appropriate) and year fixed effects jointly
explain over 90% of the variance in gun sales, concealed carry permits, and NICS checks. These re-
sults suggest that much of the variation can be characterized by persistent geographic differences
and common temporal patterns.

Gun laws exhibit similarly structured variation, but their temporal patterns differ. Using the
updated gun law database (see Siegel et al., 2017), we regress the total number of gun laws in
state i and year ¢ on alternative combinations of fixed effects and linear trends. We estimate these
specifications for both the full sample (1976-2024) and the period most relevant to our analysis
(1996-2024). Table 1 reports the fit of each specification. Unlike the patterns documented for gun
sales, adding year fixed effects or a common linear time trend contributes little explanatory power
beyond state fixed effects. This indicates that changes in gun laws are not well characterized by a
shared national temporal pattern. By contrast, adding state-specific linear trends explains nearly
all remaining variation. Furthermore, these trends are strongly aligned with political leaning: the
correlation between a states time trend and the vote share for Mitt Romney in the 2012 presidential
election is —0.70 across both the full sample and sub-sample.

We also conduct principal components analysis with states as observations and annual gun-

law totals as variables to further illustrate the structure.” As expected, gun laws are also highly

5Each years totals are standardized across states, subtracting the annual cross-state mean and dividing by the annual
cross-state standard deviation. The analysis therefore captures differences in states relative positions rather than changes
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Figure 2: Out of State Crime Gun Sources
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Notes: Maps display the primary sources of out-of-state crime guns recovered in each destination state, organized by
census division. Line width and opacity are proportional to the number of traced crime guns flowing from origin to
destination. Arrows indicate the direction of flows. The top panels show 2010 patterns and the bottom panels show
2023 patterns.
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Table 1: Variance Decomposition of Gun Laws

Full Sample 1996-2024

@) (2) 3) 4) ©) (6) () (8)
State fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed effects No Yes No No No Yes No No
Linear trends No No Yes No No No Yes No
State-specific linear trends ~ No No No Yes No No No Yes
Observations 2450 2450 2450 2450 1450 1450 1450 1450
R-squared 0.7105 0.7843 0.7808 0.9540 0.9056 0.9212 0.9189 0.9770
Adjusted R-squared 0.7046 0.7754 0.7762 0.9521 0.9023 0.9168 0.9160 0.9753

Notes: This table reports R? and adjusted R? from regressions of gun law totals on alternative sets of fixed effects and
trends. Columns (1)(4) use the full sample; columns (5)(8) restrict the sample to 1996 onward. All specifications include
state fixed effects. Column (2)/(6) additionally include year fixed effects; column (3)/(7) include a common linear time
trend; and column (4)/(8) include state-specific linear trends.

low-dimensional. In the full sample (with year indicators), two principal components explain 95%
of the total variance in annual state-level gun-law totals, and the first component is also highly
correlated with the Republican vote share in the 2012 presidential election (0 = —0.639).6

We document a positive correlation between the number of state-level gun laws and the pro-
portion of imported crime guns. To highlight this case, in Figure 3, we present a scatterplot of the
standardized number of gun laws in every state from 2009 to 2023 (left panel) and the standardized
share of imported crime guns (right panel) also from 2009 to 2023. We also highlight two states
with different gun policy: California, which has become a more restrictive state, and Texas, which
has become more permissive. In both of these cases, there is a positive relationship between the
share of imported crime guns and the number of gun laws in the state. Moreover, in the other
states, there is suggestive evidence that this relationship is not unique.

Perhaps surprisingly, in some states, up to 80% of crime guns were first sold in another state,
whereas in others, less than 20% were imported. A similarly wide range exists for state firearm
regulations — some states have over 50 firearm-related laws, while others have zero state laws.

Year-to-year gun law changes are relatively rare. From 1977 to 2024, the average absolute an-
nual change in the number of gun laws is about 0.33. The years with the largest average changes
were 1994 (1.36) and 2013 (1.02). Law totals are also highly serially correlated. In fixed-effects lin-
ear regressions, the relationship between the number of gun laws in state i in year ¢ and its value in
t —1is 1.00, with deeper lags showing smaller relationships (for example, the fifth-lag coefficient
is 0.78).

At the risk of getting ahead of ourselves, one of the key assumptions underlying both our em-
pirical and structural analyses is that pretax gun retail prices are relatively constant across states.”
We believe this assumption is mostly supported by the data. Figure 17 (Appendix) presents the

in the common annual mean.
®In the 19962024 sample, a single principal component explains 95% of the variance. The correlation of this component

with the Republican vote share in the 2012 presidential election is -.68.
7For reference, California imposes an 11% state excise tax on firearm sales, which we exclude when comparing base

prices.

12



Figure 3: Gun Laws and Imported Crime Guns
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Notes: The left panel is the (within-state) standardized number of gun laws in each state (i.e., Z-scores). The right panel
is the (within-state) standardized share of recovered crime guns in each state that originated out-of-state, Red highlights
California and Texas is highlighted green. The remaining states are blue.

average price of handguns based on common calibers traced by the ATF (9mm, .38 Special, .45
ACP, 22 LR, and .40 S&W) and excluding those costing over $ 30,000. The figure reports 95% con-
fidence intervals, together with the first, second, and third quartiles for each state’s distribution of
prices as well as for the pooled national sample. These data come from archived listings on Guns
International, a major firearm sales platform, covering the period 2016-2020. To assign prices to
states, we match each listing to the state corresponding to the three-digit area code of the seller’s
contact number. We successfully match roughly 90% of listings; the primary source of unmatched
observations is the use of toll-free area codes (e.g., 866) that do not map to specific geographic
locations or Parts Unknown (PU in Figure 17).

Overall, retail firearm prices are remarkably similar across states, with the median price of
almost all states being within the interquartile range of the overall distribution. This empirical
regularity supports the assumption that price differences do not drive interstate firearm flows and
allows us to focus on regulatory frictions and geographic factors as the primary determinants of

trafficking patterns.

3.5 Formal Trafficking or “High-Risk” Owners?

As we are using the universe of guns that were successfully traced by the ATF, a natural question
is whether we are documenting formal trafficking networks or the migration of higher-risk gun
owners? The answer is probably largely both because the two are intrinsically related.

For instance, Figure 4 presents the number of likely trafficked (or probably better called some-
thing along the lines of “More Likely Trafficked” guns) — guns less than 7 months old — and all the
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guns exported from a handful of states in 2023 and 2010. If there were a clear difference between
the Likely Trafficked Gun totals and all exported crime guns, it would suggest that formal traffick-
ing and broader crime-gun recoveries are driven by different underlying mechanisms. Instead,
states that export many (few) crime guns also tend to export many (few) Likely Trafficked Guns.

More formal analysis supports this interpretation. A simple Pearson correlation between Likely
Trafficked Guns (recovered in a different state) and gun recoveries more broadly (also recovered in
a different state) is .87 at the state-pair level, and the correlation of the first differences of the two
is .56. Standard panel approaches also confirm the significant relationship between the two with
one additional likely trafficked gun being associated with 3.8 additional gun recoveries (state-pair
clustered standard errors; p < .0001 & n = 31,584). A log-log approach also generates a similar
relationship, with a 1 percent increase in Likely Trafficked Guns being associated with a .33 percent
increase in gun recoveries (state-pair clustered standard errors; p < .0001 & n = 10,170).

4 A Theoretical Model of Interstate Firearm Sourcing

This section develops a model of interstate firearm sourcing based on a Ricardian structure in the
spirit of Eaton and Kortum (2002). Acquisition opportunities vary across potential source states,
and agents choose the source that minimizes total acquisition costs, accounting for state-level ac-
cessibility and bilateral geographic frictions. We use this sourcing structure to model the distri-
bution of source states among recovered firearms, taking total recoveries in each recovery state as
given. The model delivers closed-form expressions for bilateral sourcing shares, which imply a
gravity equation linking these shares to distance and state-level regulatory characteristics. These

relationships motivate the reduced-form and structural estimation strategies.

4.1 Model Description

Consider a country with N states indexed by i for source states and j for recovery states. Each state
enforces its own gun laws, which affect how easily firearms can be acquired within its borders.
Let ¢; > 0 denote the baseline monetary cost of legally purchasing a gun in state .8 We use this
cost as a benchmark for the broader acquisition environment. Firearms may subsequently change
hands through private sales, gifts, inheritance, theft, or other transfers, and may cross state borders
when their owners relocate. These transfers and movements may involve non-monetary frictions,
including search costs, regulatory requirements, and transaction-specific uncertainty, that vary
across transactions and states. Accordingly, a firearm’s source state identifies the location of its
first retail sale, without specifying its subsequent ownership history or the mechanism through
which it reaches the recovery state.

To capture heterogeneity in acquisition opportunities, consider the set of firearms recovered

by law enforcement in recovery state j and successfully traced to their first retail sale. For each

81n practice, pretax gun prices exhibit little cross-state variation; see Figure 17. This empirical regularity allows us to
focus on differences arising from regulatory frictions rather than price dispersion.
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Figure 4: Geographic Distribution of Recent and Total Interstate Crime Guns, 2023
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Notes: Maps report the number of traced crime guns recovered in each destination state that were originally sold in
the indicated source state. The left panel shows crime guns recovered less than seven months after retail sale, while the
right panel shows all traced crime guns. Darker shading indicates a larger number of recoveries. Top panel corresponds
to 2023 recoveries; bottom is 2010. Source: ATF Firearms Trace Reports.
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potential source state i, the acquisition environment is summarized by an idiosyncratic draw z; >
0. A higher z; reflects more favorable conditions for obtaining a gun associated with that source
state, such as greater market depth or easier access to sellers, which effectively lowers the cost of
acquisition. We assume that these draws are independent across potential source states and that z;
follows a Fréchet distribution:

Fi(z) =Pr(Z; <z) = exp(—ﬂz’(’) , (1)

where T; > 0is a state-specific parameter capturing the accessibility of guns in state i, and 6 > Ois a
common parameter across all states that governs the dispersion of acquisition costs. The parameter
T; summarizes the combined effect of regulatory stringency, enforcement intensity, private-party
participation, and other institutional features that affect how easily guns can be obtained within a
state. A higher T; shifts the distribution of acquisition costs downward, increasing the probability
of low-cost acquisition opportunities. A larger § implies less dispersion in acquisition costs.

Given a draw z;, the acquisition cost of sourcing a gun from state i is given by ¢;/z;. Thus,
variation in z; generates a continuum of opportunity-specific acquisition costs, while variation in
T; governs how frequently low-cost opportunities arise.

Geographic separation introduces additional frictions between source state i and recovery state
j- We summarize these frictions by a multiplicative cost factor d;; > 1 for i # j, capturing trans-
portation expenses and other geographic barriers to access. We normalize within-state frictions to
di; = 1 and assume symmetric bilateral frictions, d;; = dj;. This formulation summarizes the geo-
graphic relationship between first retail sale and subsequent recovery; it does not require a direct
shipment between the two states.

Combining acquisition and geographic frictions, the effective sourcing cost associated with
source state i and recovery state j is

pij:%dijr i:1,...,N.

Among all potential source states, the agent selects the one with the lowest effective sourcing

cost:

pj = min{pyj, Pajs-- -/ PNj}

This framework represents the source states of firearms recovered by law enforcement in recov-
ery state j as draws from a sourcing distribution. Differences in state-level accessibility T;, bilateral
frictions d;;, and idiosyncratic acquisition opportunities z; jointly determine bilateral sourcing pat-
terns and give rise to a gravity structure in source-recovery shares. The model characterizes the
source composition of recovered firearms, taking total recoveries in each state as given.
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4.2 Equilibrium

Given the independent acquisition-opportunity draws across source states and the effective sourc-
ing cost p;; = (ci/ zi)dij, the distribution of minimum sourcing costs in recovery state j follows
from standard properties of the Fréchet distribution. The cumulative distribution function (CDF)
of the lowest sourcing cost in state j is

Gi(p) =1- exp(—cbjp9> , p>0,
where

N
®; =Y Ti(cidy)™°
i=1
is a composite sourcing parameter that summarizes the accessibility of low-cost acquisition oppor-
tunities across all source states, including recovery state j itself.
The probability that state i is the lowest-cost source for recovery state j is the probability that
pij is the minimum among all potential sources. Under the model’s interpretation of sourcing

conditional on recovery, this probability gives the bilateral sourcing share:

. Ti(cidy)~°
T T Te(erdyg)

)

Equation (2) characterizes the equilibrium distribution of source states among firearms recov-
ered in state j, where 7;; denotes the share first sold at retail in state i. These shares sum to one
across source states, with 71;; representing within-state sourcing. Holding other fundamentals
fixed, greater source-state accessibility T;, a lower baseline acquisition cost c;, or lower bilateral
frictions d;; increases the share sourced from state i. The expression is formally identical to sourc-
ing probabilities in Ricardian trade models and exhibits the same gravity structure, with bilateral
shares depending on source-state acquisition conditions, bilateral frictions, and the dispersion pa-
rameter 6, relative to acquisition opportunities across all potential sources.

4.3 Comparative Statics

This subsection derives theoretical predictions for how bilateral sourcing shares respond to geo-
graphic frictions and state-level acquisition accessibility. We interpret changes in accessibility as
regulatory changes when stricter regulations reduce accessibility. We formalize these relationships
as testable propositions.

Proposition 1 (Geographic Frictions). For any pair of distinct states (i, j), an increase in bilateral geo-
graphic frictions d;j reduces source state i's share of firearms recovered in state j, holding other fundamentals

fixed.
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Proof. Differentiating equation (2) yields

87'(1']‘ . _97‘[1‘]‘(1 — 7'[1']')

< 0.
adl] dl]

O]

An increase in d;j, which raises the effective sourcing cost associated with source state i and
recovery state j, reduces the probability that i is the lowest-cost source. According to equation
(2), the sourcing weight Ti(cidi]-)_e declines relative to those of other source states. If bilateral fric-
tions increase with geographic distance, the model predicts that more distant sources account for
smaller recovery shares, holding source-state acquisition conditions and other bilateral frictions
fixed. This relationship favors geographically proximate sources, although differences in accessi-
bility and baseline acquisition costs also shape sourcing patterns. Every source retains a positive
share at finite costs, while its share approaches zero as its bilateral friction d;; becomes arbitrarily

large.

Proposition 2 (Source-State Accessibility). An increase in source-state accessibility T; raises its sourcing
share 71 in every recovery state j, including itself, holding other fundamentals fixed.

Proof. Differentiating equation (2) yields

a7'[ij . 7Ti]‘(1 — 7'(1‘]‘)

0.
aT, T,

O]

The parameter T; summarizes how easily guns can be acquired in state i, reflecting regulatory
stringency, enforcement, and market conditions. A higher T; increases the likelihood of low-cost
acquisition opportunities. From equation (2), an increase in T; raises the relative weight on state
i in the distribution of sources among firearms recovered in state j. Intuitively, when low-cost
acquisition opportunities are more common in state i, a larger share of firearms recovered in each
state, including state i itself, is sourced from state i.

Because the shares 71;; are defined relative to all potential source states, changes in T; reallo-
cate the composition of recovered firearms across sources. An increase in accessibility in state i
increases its share while reducing the shares of all other sources, including recovery state j when
j # i. Consequently, cross-state differences in regulatory environments can shape the source com-

position of recovered firearms through their effects on acquisition accessibility.

Proposition 3 (Recovery-State Accessibility). An increase in recovery-state accessibility T; raises the
within-state sourcing share 7tj; and lowers every external sourcing share 71;j, i # j, holding other funda-
mentals fixed.
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Proof. Differentiating equation (2) yields

OTij LTl

o T,

ary (1 — 7js)

o, T,

> 0.

<0 fori#j,

O]

An increase in Tj, which may result from relaxing gun laws in state j, makes low-cost local
acquisition opportunities more likely and reduces the relative cost of acquiring a gun from local
sources. As local sourcing becomes more attractive, the within-state sourcing share 7;; increases,
while each external sourcing share 77;;, i # j, decreases.

Conversely, stricter regulations that reduce T; make local acquisition opportunities less favor-
able. Licensing requirements, background checks, waiting periods, or restrictions on legally avail-
able firearms may increase acquisition frictions, making external sources relatively more attrac-
tive.” Although one might expect stricter laws to reduce the availability of crime guns, the model
highlights a separate compositional response: firearms first sold in other states account for a larger
share of recoveries. This substitution does not require an increase in aggregate demand, nor does
it rule out a decline in total firearm availability.

Regulatory asymmetries help explain this substitution. If state j tightens its regulations while
a neighboring state i maintains a more permissive environment, and the reform lowers Tj, the ef-
fective cost gap between sourcing locally and sourcing from i widens. As a result, state i captures
a larger share of sourcing in j. When nearby states already account for substantial recovery shares,
this reallocation can reinforce geographically concentrated source-recovery links resembling inter-
state corridors.

For a given recovery state, all external sourcing shares have the same elasticity with respect to
T;. Consequently, changes in local accessibility leave the relative shares among external sources
unchanged. Sources with larger initial shares experience larger absolute changes in their recovery
shares; geographic proximity and greater source-state accessibility can contribute to those larger
initial shares. Established connections to sellers or intermediaries in nearby states could also fa-
cilitate adjustment in practice. However, the static model does not explicitly incorporate these
connections or determine the speed or persistence of adjustment.

This comparative static illustrates a broader feature of the equilibrium. Tighter local regulations
do not eliminate the role of external acquisition opportunities in shaping the source composition
of recoveries. When nearby states retain high accessibility, stricter regulations in a recovery state
can increase its reliance on firearms first sold in those states, even if total recoveries decline. This
possibility motivates consideration of regional coordination, although the model does not establish
that coordination is necessary or sufficient to reduce firearm-related harm.

Proposition 4 (Distance Decay of Regulatory Spillovers). Consider any source—recovery pair (i, j) with

9For example, California’s handgun roster restricts the set of legally available models.
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i #J. If 7tjj < 1/2, then
0
od;;

87'(1']'
oT;

That is, greater bilateral geographic frictions reduce the magnitudes of the marginal effects of source- and
recovery-state accessibility on the bilateral sourcing share, holding other fundamentals fixed.

Proof. Differentiating the marginal effects yields

d 87'[1']' o _971'1']'(1 — 7Tl']')(1 — 27'[1']') 0 87'[1']' . _97'(1']'7'[]']'(1 — 27Ti]')
Both expressions are negative if 77;; < 1/2. O

The restriction 77;; < 1/2 requires that source i account for less than half of recoveries in state
J, as observed in our data. Equivalently, its contribution to sourcing opportunities must be smaller
than that of all alternative sources combined. This restriction allows for heterogeneous acquisi-
tion conditions across states; it rules out an external source that dominates the recovery state’s
sourcing.!’

Regulatory spillovers decay with distance under this condition because greater bilateral fric-
tions make a source less competitive. As geographic frictions increase, effective sourcing costs rise
and the probability that the source provides the lowest-cost acquisition opportunity falls. The re-
sulting decline in its sourcing share reduces the absolute marginal effects of changes in T; and T;.
Both marginal effects approach zero as d;; approaches infinity.

This attenuation provides a mechanism for geographically concentrated regulatory spillovers.
A tightening of regulations in a source state that lowers its accessibility reduces its share of firearms
recovered in other states, with larger absolute marginal effects at lower bilateral frictions. Likewise,
a tightening of regulations in a recovery state that lowers local accessibility increases its reliance on
external sources. Under the proposition’s condition, the absolute marginal response of an external
source’s share is smaller at higher bilateral frictions. Geographic proximity can therefore con-
tribute to stronger responses, although differences in accessibility and baseline acquisition costs
also matter.

The mechanism reflects competition among acquisition opportunities across source states. Dis-
tance serves as a bilateral cost shifter, while accessibility parameters determine the distribution of
acquisition costs. Geographically proximate sources tend to be more competitive when other ac-
quisition conditions are comparable. However, sufficiently favorable acquisition draws can make
even distant sources the lowest-cost option. Distance therefore attenuates their contribution to

sourcing without eliminating them from the set of potential sources.

10With two states and symmetric acquisition fundamentals, frictionless sourcing implies 7t; i = 1/2, and positive bi-
lateral frictions imply 77;; < 1/2. Adding sources further lowers 71;;, holding existing fundamentals fixed. The condition
can fail if an external source’s acquisition advantage is sufficiently large to overcome bilateral geographic frictions and
outweigh the combined acquisition opportunities offered by the recovery state and all other sources. Such dominance,
however, is unlikely in empirically relevant settings.
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This result predicts distance attenuation in the marginal effects of accessibility on sourcing-
share levels. It does not predict declining elasticities of those shares with respect to accessibility.
Empirical specifications that interact regulatory measures with distance in a log conditional mean
therefore examine a different form of heterogeneity and are not direct tests of this proposition.

The geographic concentration of these responses motivates consideration of regional coordi-
nation. When nearby states maintain different regulatory environments, tightening regulations in
one recovery state can increase the share of its recovered firearms sourced from more accessible
neighbors. However, the model does not establish that spillovers are exclusively regional or that
coordination produces the greatest reduction in firearm-related harm. Such conclusions require
evidence on total firearm acquisition, recoveries, and harm beyond the sourcing composition ex-

amined here.

5 Data and Estimation Strategy

5.1 Data

This section describes the construction of the state-level and bilateral datasets used in the empirical
and structural analyses. The sample covers the contiguous 48 states from 2009 to 2023. We exclude
Alaska and Hawaii because they are geographically separated from the contiguous states. The
District of Columbia (DC) is also omitted because the gun law database we use does not include
DC.

Firearm Tracing Data The firearm tracing data come from the Bureau of Alcohol, Tobacco, Firearms
and Explosives (ATF) Firearm Trace Reports for 2010-2023, combined with data for 2009 from Knight
(2013). We study firearms recovered during criminal investigations and successfully traced to their
first retail sale, which we refer to as “recovered crime guns.” For each traced firearm, the ATF
records the state in which the firearm was originally sold. Using these source-recovery pairs, we
construct a panel dataset where x;j; denotes the number of firearms recovered in state j in year ¢
that were originally sold in state 1.

The ATF provides complete state-pair information beginning in 2010. Although historical trace
summaries exist prior to this date, the reports from 2007-2008 are incomplete, with several states
missing source-state identifiers. To maintain consistent coverage, we restrict attention to the 2009—
2023 period. Guns that cannot be traced to a source state are excluded from the bilateral dataset.
Because Hawaii and Alaska are not connected to the US mainland, they are omitted. The resulting
panel contains 48 x 48 = 2,304 directed state pairs per year, yielding 34,560 observations over the
full 15-year sample. The constructed panel has no missing state-pair-year observations, although
some pairs have zero recorded recoveries. The baseline interstate regressions exclude within-state
observations, leaving 48 x 47 = 2,256 directed pairs per year and 33,840 observations before any
reductions associated with lead specifications or other data requirements. Within-state recoveries

remain relevant to the structural analysis.
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A reasonable concern with ATF trace data is that recovered and successfully traced firearms
are not a random sample of all firearms used in crime. Tracing will depend on a number of fac-
tors, such as local crime, law enforcement practices, and cooperation with federal agencies. These
factors can affect both the number and the composition of traced firearms. Variation in tracing
intensity would leave sourcing shares unchanged if, within a recovery state and year, it affected
firearms from all source states proportionally. Our interpretation of the observed shares therefore
relies on tracing selection being sufficiently source-neutral, conditional on the included controls
and fixed effects. If recovery or tracing probabilities differ systematically by source state, observed
shares may not represent the source composition of the broader population of crime guns.

A related concern is that tracing activity may be correlated with state firearm regulations. For
example, a state experiencing a significant ghost-gun problem (i.e., an increase in privately man-
ufactured firearms or weapons with obliterated serial numbers) may both submit more firearms
for tracing and enact stricter regulations on 3D-printed firearm components or unfinished frames.
Changes in firearm-related crime or enforcement priorities may influence both tracing practices
and policy adoption, creating an association between regulations and observed recoveries that
does not reflect changes in acquisition accessibility alone. To account for variation in tracing activ-
ity, we construct a pair-specific measure equal to the total number of traced firearms recovered in
state j in year £, less x;j;. This measure captures recoveries attributed to sources other than state i.
It may proxy for broader tracing activity in the recovery state, but it also reflects changes in crime,
migration, and sourcing patterns. Moreover, because it is constructed from recovery counts and
equals total recoveries minus the dependent variable, it is not an independent measure of tracing
effort. Including it may introduce mechanical dependence or condition on outcomes affected by
regulations, particularly when total recoveries also enter as an exposure variable (e.g., a potential
bad control problem when the total number of crime guns is used as an exposure variable). We
therefore conduct extensive robustness checks using alternative measures of tracing intensity, as

discussed in Section B.

State-Level Firearm Regulation Measures of firearm regulatory stringency (the raw number of
gun laws) are taken from the database developed by Siegel et al. (2017), which was updated in 2024.
For each state-year, we observe the total number of firearm-related statutory provisions, denoted
by GunLaws; ;. This index varies substantially across states and over time: some states have fewer
than ten firearm regulations throughout the sample period, while others have more than 50. The
measure aggregates across multiple regulatory domains, including background checks, licensing
rules, dealer requirements, and restrictions on high-risk purchasers. We use it as a proxy for the
overall stringency of a state’s regulatory environment.

It has both advantages and limitations. The main advantage of this measure is that it uses a
common set of provisions across states and years. It leaves little room for researcher discretion;

in other words, we are not cherry-picking laws to obtain a particular result. Its main limitation
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is that it weights all provisions equally.!! That said, it is difficult to argue that these laws are ex-
ceptionally weak ex-ante. There are many possession, registration, background checks, permits,
etc related regulations. The weakest or least relevant are likely the age restrictions for ammo pur-
chases, assault weapon restrictions, and limits on magazine capacity.

We think this is a reasonable approach because the Siegel et al. (2017) database classifies 72
different laws into 12 broad categories (though 2 are contain only a single law). The total number
of states with each of these laws, by category, is shown in Figures 22 through 30 in the Appendix.
These figures illustrate the main challenge in identifying the effects of specific gun laws on out-
comes: law changes are rare, and they often occur in bundles, with multiple laws changing at the
same time.

We face more challenges than standard difference-in-differences studies. This is because while
a “burn-in” period is expected with any law (e.g., take time to train and inform law enforcement),
for crime guns this “burn-in” period will be much longer. Because the median time to crime is
roughly 6 years, recovery years cannot be interpreted as cleanly corresponding to the year a law
was passed. Some post-enactment recovery years may still reflect guns acquired before the law
took effect, while some pre-trend periods may already include guns exposed to the law. This
problem is likely even more severe than stated here because the average time to crime is a little
over 12 years. Put another way, a very plausible pre-trend window could be composed entirely
of years in which the law was already in effect, so the estimated “pre-trends” may not be true
pre-treatment periods at all.

This problem is also presented graphically in Figures 22 through 30 in the Appendix. In each
of these figures, we highlight the rough middle of our panel 2016 (red vertical line) and highlight
2 other vertical lines. The first indicates 4 years in the past and corresponds to the lower end of
the median time to crime of reported crime guns and illustrates the earliest we would expect to
see the laws have some bite. The next vertical line corresponds to 10 years and corresponds to
the lower end of the average time to crime. In other words, to get some responsible pre-tends,
we would need a law that changed sometime between 2004 and 2012. These complications are
then effectively doubled because we have to also consider the laws in the other state in the pair,
and even the effect(s) should be concentrated in adjacent states. Finally, in all of these figures we
provide the description of each of the law copied verbatim from the Siegel et al. (2017) codebook.

Our primary analysis therefore treats the index as a summary measure of the regulatory envi-
ronment rather than attributing the results to any single provision. States with more provisions
are classified as more regulated under this measure, although equal counts need not imply equiv-
alent policy environments. Within the theoretical framework, these provisions may collectively
affect acquisition accessibility through requirements and restrictions governing firearm purchases,
possession, and transfers. The empirical analysis examines how this measured regulatory environ-
ment is associated with the source composition of recovered firearms. States are not preventing
trafficking or dubious transfers through specific gun laws but are rather nagging the overall gun

1130 the marginal effect of a hypothetical law that banned all guns is treated the same as the effect of a different
hypothetical law that paused gun sales every February 29th.
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market into submission through death by a thousand cuts, or, conversely, are giving the gun rights
community too much candy by repealing laws that imposed frictions on potentially harmful trans-

fers.!?

Geographic Distance, Border Adjacency, and Interstate Highway Connections The geographic
distance between source state (i) and recovery state (j) is computed as the distance between their
population-weighted centroids. Centroid coordinates are taken from the U.S. Census Bureau’s ge-
ographic reference files, and distances are calculated in miles using the spherical law of cosines.'?

We construct a binary adjacency indicator, Border;;, which equals one if states i and j share a
land or river boundary and zero otherwise. We construct this indicator from the Census Bureau’s
County Adjacency File, excluding state pairs that share only a lake or other offshore boundary:.
Under this definition, Nebraska and Iowa are adjacent, whereas Michigan and Illinois are not. !4
Finally, Shared_Interstate;; equals one if the same Interstate Highway route passes through both

states and zero otherwise. For example, Florida and North Carolina both lie along I-95.

State Characteristics State population and racial composition data are obtained from the Cen-
ters for Disease Control and Prevention’s WONDER database, which draws on U.S. Census Bu-
reau population estimates. State unemployment rates are obtained from the U.S. Bureau of Labor
Statistics.

For each state-year, we include both source-state and recovery-state populations in the regres-
sion specifications. These variables flexibly control for population-related differences in firearm
market size at both ends of each source-recovery pair. We also include source-state and recovery-
state fixed effects to account for time-invariant state characteristics.

Interstate source-recovery patterns may partly reflect migration, as firearms can move across
state borders when their owners relocate. State population may capture some of this migration-
related variation. In our data, the correlation between the natural logarithm of migration from
state j to state i and the population of state j is approximately 0.55; the corresponding correlation
with the population of state i is similar. These correlations support including population as a
partial control for migration-related variation, although population alone does not fully account
for bilateral migration patterns.

Summary statistics presented here are based on observations from 2009 to 2023. However, we
want to emphasize that our panel uses lagged versions of these variables that go back to the late
90s and early 80s. This is illustrated in Figure 16 (Appendix) which compares the early averages

of contemporaneous explanatory variables of interest with their 20-year lag. The point here is that

12Having clarified our focus and our reasons why, we also note that we do some exploratory analysis of what classes
of laws might matter. These estimates are found in Figure 31. Note: these estimates are exploratory in nature and do
not take into account the full data-generating process (e.g., the interaction between laws and distance).

13population centroid data are available from the U.S. Census Bureau at: https://www.census.gov/geographies/
reference-files/time-series/geo/centers-population.html.

14The County Adjacency File is available from the U.S. Census Bureau at: https://www.census .gov/geographies/
reference-files/time-series/geo/county-adjacency.html.
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Table 2: Summary Statistics

Variable Mean Std. Dev. Min Max
Panel A. State-level variables
State Population 6,651,695 7,209,933 559,851 39,557,044

Traced Guns (Total) 4804.133 6119.325 75 48,299
Total Gun Laws 12.8 13.5 0 62

% Black 11 10 .003 .385
U. Rate .05 .02 .02 14
Panel B. Bilateral variables

Traced Guns (i =j)  3,484.8 4,730.5 49 41,772
Traced Guns (i #j)  28.07 99.19 0 4,701
Distance;; (miles) 1,034.49 602.00 36.16 2,656.11
Shared_Interstate;; 40 49 0 1
Border;; 0.09 0.29 0 1

we can preserve our sample even with very deep lags of the explanatory variables.

Regulatory Measures and Transformations Following Roberts et al. (2024), our main regulatory
measure is the number of firearm provisions in each state. We interpret the aggregate count as a
proxy for regulatory frictions affecting acquisition accessibility. This measure captures the overall
regulatory environment rather than the effect of an individual law. That distinction is useful be-
cause changes in specific provisions are relatively infrequent and often occur in bundles, making
their separate effects difficult to identify.

Several states report one or more years with zero gun laws. To retain these observations,
GunLaws;; in the estimating equations denotes the natural logarithm of one plus the raw pro-
vision count. This transformation preserves 1,833 observations that would otherwise be excluded
when taking the logarithm of the raw count. The policy coefficients therefore describe responses
to changes in the transformed index, rather than exact elasticities with respect to the number of
laws.

Finally, to facilitate interpretation of specifications with interactions, all explanatory variables
are mean-centered after transformation and before constructing interaction terms. The variable
names in the estimating equations refer to these centered measures; the recovery-total offset is re-
tained in its original logged form. Centering allows the main regulatory coefficients in the distance-

interaction specification to be interpreted at mean log distance.

Summary Statistics Table 2 reports summary statistics for the main variables used in the anal-
ysis. State-level variables include population, total traced firearm recoveries, the number of gun
laws, the unemployment rate, and the percentage of residents who identify as Black or African
American. State-pair variables include bilateral traced firearm recoveries, covering both within-

state and interstate pairs, geographic distance, and the border indicator. Interstate firearm traces
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are substantially smaller than within-state traces on average, a pattern consistent with geographic
frictions, although it also reflects the division of external sourcing across multiple states. The aver-
age distance between state population centroids exceeds 1,000 miles, and approximately 9 percent

of state pairs share a common border.

5.2 Estimation Strategy

The empirical strategy is designed to examine the relationships between bilateral firearm recovery
shares, geographic frictions, and regulatory conditions in source and recovery states. The theo-
retical model characterizes sourcing shares as a function of acquisition accessibility and bilateral
geographic frictions. These relationships motivate a gravity specification that relates bilateral re-
covery counts to geographic characteristics and state firearm regulations while accounting for total

recoveries in each recovery state.

A naive specification Linking Propositions to Empirical Specifications. Propositions 1-3 pre-
dict that bilateral sourcing shares decline with geographic frictions, fall when source-state regula-
tions reduce acquisition accessibility, and rise when recovery-state regulations reduce local acqui-
sition accessibility.

An illustrative linear specification is

. R
log s;jy = BcGeoFrictions;; + piouree GunLaws;; + B LZ;OWW GunLawsj; + &y, 3)

where s;;; denotes the share of firearms recovered in recovery state j in year ¢ that were first sold
at retail in source state i, GeoFrictions;; captures bilateral geographic frictions, and GunLaws;; and
GunLaws;; measure firearm regulations in source state i and recovery state j, respectively, in year
t. Propositions 1-3 predict that B¢ < 0, B9 < 0, and [SIL{Z;O “Y > 0.

This specification provides a starting point but has several limitations. First, contemporaneous
regulations may not adequately capture the acquisition environments relevant to current recov-
eries. The median time between the first retail sale and subsequent recovery, commonly termed
“time-to-crime,” is approximately three to six years (Johnson et al., 2024; ATF, 2023). Average
time-to-crime is also longer for firearms recovered from out-of-state sources. These intervals sug-
gest that policy changes propagate with delay and regulations in earlier years may be relevant to
current sourcing patterns, motivating the use of lagged policy measures.

Second, nearly half of interstate sourcing shares are zero. Taking logs would instead exclude
zero observations and discard a substantial and potentially systematic portion of the sample. These
features motivate an estimator that accommodates zeros.

Finally, the specification omits persistent differences across states and common changes over
time that may affect sourcing patterns and correlate with firearm regulations. Source-state and
recovery-state fixed effects account for time-invariant characteristics of each state, while year fixed

effects absorb common annual shocks.
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Baseline PPML Specification with Lagged Regulations. To address these limitations, we use
bilateral recovery counts as the dependent variable and estimate a Poisson pseudo-maximum-
likelihood (PPML) model with source-state, recovery-state, and year fixed effects. This approach
accommodates zero recoveries and preserves the multiplicative form of the model’s sourcing re-
lationship. To allow current recoveries to reflect earlier regulatory environments, we replace con-
temporaneous firearm regulations with their k-year lags and estimate separate specifications for
each lag length k. Finally, we include the natural log of total recoveries in the recovery state as an
exposure term, with its coefficient fixed at one, so that expected bilateral counts scale with total
recoveries:

Recovery

_ / s b Source
Yij = Recovery;, - exp{ B GeoFrictions;; + B77,“ GunLaws;;  + B},

w GunLaws;;

, @
+ Z,‘]'t + 8 + l/J]‘ + (Pt} + Eijt,

where Yj;; is the number of firearms recovered in recovery state j in year ¢ that were first sold at
retail in source state i, Recovery, is the total number of firearms recovered in state j in year ¢.

We now specify GeoFrictionsi]- as a vector, GeoFrictionsi]-, containing Distancei]-, the natural
log of geographic distance in miles between the states” population-weighted centroids; Border;;,
an indicator for a shared border; and Shared_Interstatei]-, an indicator for an Interstate Highway
connection. Distance is expected to increase bilateral frictions, while shared borders and Interstate
Highway connections are expected to reduce them. The variables GunLaws; ; ; and GunLaws;;
are the natural logs of the number of firearm regulations in the source and recovery states, respec-
tively, k years before recovery. Estimates across separate lag specifications describe how the effect
varies with the timing of measured regulations; they do not identify cumulative policy effects or
the full dynamic response to policy changes.

The vector Z;j; includes the natural log of population, the unemployment rate, and the percent-
age of residents who identify as Black or African American in both the source and recovery states.
The fixed effects ¢; and ¢; absorb time-invariant characteristics of the source and recovery states,
respectively, while ¢; absorbs shocks common to all states in a given year. These common shocks
may include changes in federal legislation and nationwide changes in firearm demand following
elections or mass shootings (Johnson et al., Forthcoming; Johnson and Roach, 2025).

We do not include source-recovery pair fixed effects because they would absorb the time-
invariant geographic characteristics whose coefficients we seek to estimate. We also do not include
state-specific time trends. This is because our main variable of interest (Gun Laws) are effectively
are nearly collinear with state-specific time trends. Standard errors are clustered at the bilateral
state-pair level.

PPML Specification with interactions with Distance Motivated by Proposition 4, we extend the
baseline specification in equation (4) by interacting firearm regulations with geographic distance.
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The proposition predicts that the absolute marginal effects of acquisition accessibility on bilat-
eral sourcing shares decline with distance. Thus, we examine whether the proportional effects of
firearm regulations also vary systematically with distance.

We estimate the following specification:

Recovery
Law

Yijt = Recovery it exp{ ﬁgGeoFrictionszj 4 B3ource GunLaws;;_i + GunLaws;;

Source .
+ Brow < pistance (GunLaws; ;i x Distance;)

Recovery
+ IBLaw x Distance

©)

(GunLaws;,;_; x Distance;;)

TV Zi + 0 + ¢ + (Pt} + €ijt,

The interaction terms allow the effects of firearm regulations to vary with distance. The source-

I . Recover
state and recovery-state regulatory elasticities are p704 4 pyouree . Distancejj and B, ° +
Recovery

Law x Distance

A positive source-state interaction coefficient, EZQ‘U@EDZ.S tance > 0, would indicate that a negative

Distance;;, respectively.

source-state regulatory elasticity becomes less negative with distance. Tighter source-state reg-
ulations would therefore reduce sourcing shares proportionally more for nearby recovery states.

Recovery < 0, would indicate that a

Similarly, a negative recovery-state interaction coefficient, 8, 5iciance

positive recovery-state regulatory elasticity becomes less positive with distance. Tighter recovery-
state regulations would therefore increase sourcing shares proportionally more from nearby source
states.

As a robustness check, we extend the specification to allow regulatory effects to vary jointly
with distance and source-state population. These specifications include the relevant lower-order
terms alongside the three-way interactions. The motivation is that proximity and relatively per-
missive regulations need not translate into a large contribution to recoveries if the source state has
a small population. For example, only 83 firearms first sold at retail in Vermont were recovered in
New York in 2023, despite the states sharing a border and Vermont having relatively permissive
tirearm regulations. Vermont’s small population may help explain its limited contribution to New

York’s recoveries.

6 Empirical Results

This section presents empirical evidence on the determinants of interstate sourcing flows of crime
guns. We begin with the baseline PPML specification in equation (4) and the distance interactions
in equation (5). We then extend the analysis to examine how regulatory effects vary with source-
state population, geographic distance, and Interstate Highway connections.

We assess the sensitivity of the results to alternative regulatory lags, tracing-intensity controls,
and treatments of total recoveries, including specifications without the exposure term. We also

examine leads of firearm regulations and conduct permutation tests that randomly reorder regula-
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tions over time within states and state pairs. Additional analyses consider within-state recoveries
and the characteristics of paired external states, as well as separate categories of firearm regula-

tions. Appendix D reports these robustness checks and supplementary analyses in detail.

6.1 Main Estimation Results

We begin with the specification in equation (4). Table 3 reports estimates for k = -2, -1,0,1,...,10,
where negative values denote leads and positive values denote lags. Across specifications, the co-
efficients on geographic characteristics and source-state population remain relatively stable, while
the estimated impact of gun laws evolves systematically with the lag length.!®

Geographic frictions play a central role. The elasticity of sourcing shares with respect to dis-
tance is approximately —0.99 across specifications: a one-percent increase in distance is associated
with approximately a one-percent decrease in a source state’s share of recoveries, holding other
regressors fixed. The shared-border coefficient is approximately 0.63, implying that adjacent states
have bilateral sourcing shares about 87 percent higher than otherwise comparable non-adjacent
pairs. Interstate Highway connections are also positively associated with sourcing shares. Their
coefficient of approximately 0.25 corresponds to shares about 28 percent higher for connected pairs.
Together, these estimates highlight the importance of geographic proximity and transportation
connections in interstate sourcing patterns.

The source-state regulatory coefficient is negative in every specification.'® At k = 6, a one-
percent increase in the number of source-state firearm regulations is associated with a 0.19 percent
decrease in its share of recoveries in another state. The coefficient generally becomes more negative
at longer lags, reaching approximately —0.22 at k = 10, although the pattern is not strictly mono-
tonic. The contemporaneous coefficient is smaller, at approximately —0.07, but remains statistically
significant. The two-year lead and the one-year lead are not statistically significant significant at
the five-percent level.

Recovery-state regulations exhibit a different pattern. The contemporaneous coefficient is close
to zero and statistically insignificant. The coefficient becomes positive at longer lags, reaching ap-
proximately 0.04 at k = 4 and ranging from 0.054 to 0.092 between k = 6 and k = 10. Thus, regu-
lations measured six to ten years before recovery are positively associated with the share sourced
from a given external state. This pattern is consistent with substitution toward external sources
when local acquisition becomes more restrictive. Both lead coefficients are statistically insignifi-
cant.

Overall, the regulatory coefficients are consistent with the model’s directional predictions:
stricter source-state regulations are associated with smaller external sourcing shares, while stricter

recovery-state regulations are associated with greater reliance on external sources. The generally

150ne possible concern is that recoveries from non-i states enter into the models multiple times. To address this
concern, we also consider specifications in which we do not include the exposure variable. These estimates are found
in Table 7 in the Appendix.

16Because the law index aggregates distinct regulations, these coefficients summarize the relationship with the overall
number of regulations rather than identify the causal effect of any particular law.
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larger magnitudes at longer lags are also consistent with the intervals between first retail sale and
subsequent recovery; interstate gun flow shares adjust gradually but systematically to regulatory
environments in both origin and destination states.

Source-state population is positively associated with sourcing shares. Its coefficient ranges
from approximately 1.28 to 1.50, indicating that a one-percent increase in source-state population
is associated with a 1.28-1.50 percent increase in its share of recoveries elsewhere. The recovery-
state population coefficient is less stable and is statistically significant only at selected lags. These
estimates therefore provide stronger evidence that interstate gun flows scale with market size,
while sourcing shares become more dispersed as destination markets grow.

Unemployment exhibits a different temporal pattern. Contemporaneous source-state unem-
ployment is negatively associated with bilateral sourcing shares, whereas contemporaneous recovery-
state unemployment is positively associated with them. The source-state relationship generally
becomes statistically insignificant at longer lags, while the recovery-state coefficient turns negative
and is statistically significant from k = 6 onward.

Finally, recoveries attributed to sources other than i are negatively associated with source i’s
share when total recoveries enter as an exposure term. The corresponding coefficient becomes
positive when the exposure term is omitted. Because this regressor is mechanically related to
bilateral and total recoveries, we interpret the sign change cautiously. It does not independently

identify tracing intensity, firearm demand, or migration.

6.2 Geographic Heterogeneity in Regulatory Effects

We now examine how the effects of firearm regulations vary with distance. Table 4 reports distance
interactions for regulations in both source and recovery states. Because the explanatory variables
are demeaned, the main regulatory coefficients represent the estimated effects at mean log dis-
tance.

The interaction between source-state regulations and distance is positive across all reported
lags. Combined with the negative, although statistically insignificant, main source-state coeffi-
cient, this indicates that the negative regulatory effect becomes less negative as distance increases,
approaching zero for more distant state pairs. Recovery-state regulations exhibit a corresponding
pattern: their positive effect on bilateral recoveries becomes smaller at greater distances, approach-
ing zero for sufficiently distant state pairs. These interpretations apply over the distance range in
which the estimated effects retain their respective signs. The regulatory estimates generally be-
come larger in magnitude and more statistically significant at longer lags, broadly consistent with
the patterns in Table 3.

Figure 5 illustrates these relationships by plotting the implied regulatory effects at the 5th,
25th, 50th, 75th, and 95th percentiles of distance across selected lags.!” The figure includes longer
lags and additional leads beyond those reported in Table 4. The estimated regulatory effects are

17We also estimate the specification without the exposure term. These estimates are reported in Table 8 in the Ap-
pendix.
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generally smaller in absolute magnitude for more distant state pairs, while the lead estimates are
close to zero across the distances considered. These patterns indicate geographic heterogeneity in
proportional regulatory effects, complementing the model’s prediction of distance attenuation in

marginal effects on sourcing-share levels.

6.3 Heterogeneity in Regulatory Effects by Distance and Population

We extend the distance-interaction specification by introducing three-way interactions between
gun laws, geographic distance, and source-state population, together with all lower-order terms.
This specification allows the effects of both source- and recovery-state regulations to vary with
source-market size and geographic frictions. Because individual coefficients do not summarize
regulatory effects in this specification, we report the implied effects at selected combinations of
distance and source-state population. Point estimates are reported in Table 9 in the Appendix.'®

As in Figure 5, Figure 6 presents results across different distances. In these plots, we also
consider different population sizes: 10th percentile [blue], first quartile [red], median [green], third
quartile [yellow], and 90th percentile [purple]. As in Figure 5, we also include the joint effects of
deeper lags and leads than those shown in Table 9.

The estimates suggest two patterns. First, regulatory effects are generally smaller in absolute
magnitude at greater distances. Stricter source-state regulations are associated with fewer bilateral
recoveries, with the negative relationship weakening as distance increases. Stricter recovery-state
regulations are associated with greater reliance on external sources, but this positive relationship
also weakens with distance. Second, both relationships are generally larger in absolute magnitude
for pairs with larger source-state populations. Thus, source-market size helps explain heterogene-
ity in the estimated effects of regulations in either state.

As aresult, policy changes in larger states generate substantially larger spillovers. For example,
a decrease in gun laws in a small state such as Wyoming has little effect on recoveries in Colorado,
whereas a comparable change in a larger state such as Colorado can have a substantial impact on
recoveries in Wyoming.

The estimated relationships are generally stronger at longer regulatory lags, while lead esti-
mates remain close to zero across the distances and population values considered. This pattern is
consistent with the known time to crime of recovered crime guns, the long intervals between first

retail sale and subsequent recovery.

6.4 The Role of Interstate Highway Connections

We next examine whether the heterogeneity documented in Section 6.3 differs between state pairs
with and without an Interstate Highway connection. We augment the specification by interact-
ing the shared-highway indicator with firearm regulations, geographic distance, and source-state

population, including all lower-order terms. This specification allows the relationship between

18Estimates without the exposure term are reported in Table 10.
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Figure 5: Joint Effect of Distance and Gun Laws
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Notes: Estimated effect of gun laws on gun recoveries. The figure heading label indicates gun laws. Control variables
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errors. All models use the Poisson estimator.
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Figure 6: Joint Effect of Distance, Population, and Gun Laws
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models without the exposure variable are found in Figure 21.
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regulations and bilateral recoveries to vary jointly with geographic distance, source-state popula-
tion, and highway connectivity.

We disaggregate these interaction effects by interacting population, gun laws, and distance
with a shared interstate connection dummy (e.g., I-95). The motivation for this interaction comes
from prior research showing that crime-gun recoveries are also shaped by interstate linkages, with
recoveries from other states rising in interstate connectedness. To examine this possibility, we
estimate models similar to those above but now interact the shared interstate connection indicator
with population, gun laws, distance, and all of their possible interactions (i.e., four main effects,
six two-way interactions, four three-way interactions, and the single four-way interaction).

We estimate two models. The first, intended as a placebo, interacts distance and interstate sta-
tus with the lead of population and gun laws. The second interacts distance and state population
with the 12th lag of gun laws and state population. We expect the leads of origin-state gun laws
and population to show little or no relationship with the share of guns recovered in the destination
state that originated in the origin state. In contrast, the lagsconsistent with earlier resultsshould be
significant. We also expect interstate connectedness to strengthen the joint effect of distance and
population.

Figure 7 presents the implied regulatory effects. Point estimates are reported in Table 11 in the
Appendix. The estimated effects of the leads of source-state regulations are generally close to zero,
although some are slightly negative. In contrast, regulations measured twelve years before re-
covery exhibit a negative relationship with bilateral recoveries. This relationship becomes weaker

with distance and stronger with source-state population, consistent with the preceding results.

6.5 Robustness Checks

We assess the sensitivity of the results to alternative treatments of total recoveries, controls for
tracing intensity, and the timing of firearm regulations. We also conduct permutation tests and ex-
amine within-state recoveries. These exercises generally support the negative relationship between
source-state regulations and bilateral recoveries, while highlighting the importance of accounting
for tracing intensity when estimating the relationship with recovery-state regulations.

First, we reestimate the baseline and interaction specifications without the exposure term. The
baseline specification constrains expected bilateral recoveries to scale proportionally with total re-
coveries in the recovery state. Removing this restriction allows us to examine whether the results
depend on this normalization. Table 7 shows that the estimated regulatory relationships remain
close to the baseline estimates. The source-state coefficient is approximately —0.20 at the sixth lag
and —0.23 at the tenth lag, while the recovery-state coefficient becomes positive at longer lags. The
coefficients on distance, shared borders, and Interstate Highway connections also remain similar.
Tables 8-10 extend this exercise to the interaction specifications, with the implied effects from the
population interactions presented in Figure 21. The positive interaction between source-state regu-
lations and distance remains statistically significant, consistent with a weaker negative regulatory

relationship at greater distances.
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Figure 7: Joint Effect of Distance, Population, Gun Laws and Interstate Connections
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Second, we consider alternative controls for tracing intensity. Differences in tracing practices
may affect observed recoveries and correlate with firearm regulations. Moreover, controls con-
structed from recovery counts may themselves respond to regulations. Appendix B therefore com-
pares specifications using alternative recovery-based controls, treating total recoveries as an ordi-
nary regressor rather than an exposure term, and omitting the tracing controls or exposure term.
We also consider an alternative control incorporating homicide data and the 2012 Republican pres-
idential vote share. As shown in Figure 18, the negative relationship with lagged source-state reg-
ulations persists across these specifications. The recovery-state estimates are more sensitive: omit-
ting both the exposure term and tracing controls produces estimates close to zero, while retaining
the exposure term without a separate tracing control produces positive and statistically significant
lead coefficients. These differences indicate that the estimated relationship with recovery-state
regulations depends more strongly on how tracing intensity is accounted for.

Third, we extend the range of regulatory leads and lags. Figure 18 shows that the source-state
estimates are generally small for future regulations and become increasingly negative when reg-
ulations are measured several years before recovery. The lagged relationships strengthen over
approximately the first six years and generally stabilize at longer horizons. This pattern is consis-
tent with the long intervals between first retail sale and subsequent recovery. However, estimates
from separate lag specifications do not identify the full dynamic response to policy changes, and
small lead coefficients do not by themselves establish causality.

Fourth, we conduct permutation tests that randomly reorder regulations over time within
states and state pairs while preserving their underlying distributions. We repeat the exercise 100
times for contemporaneous regulations, a four-year lead, and six- and ten-year lags. Figure 20 com-
pares the resulting coefficient distributions with the estimates using the observed timing of regu-
lations. For source-state regulations, the permutation distributions are centered near zero, while
the six- and ten-year lag estimates lie well away from these distributions. The contemporaneous
and lead estimates are closer to the permutation distributions. The separation is less pronounced
for recovery-state regulations. This exercise provides additional support for the importance of the
observed timing of source-state regulations.

Finally, Appendix D examines whether the characteristics of a paired external state predict
recoveries of firearms first sold within the recovery state itself. Tables 12 and 13 show little rela-
tionship between these within-state recoveries and the paired external state’s regulations or other
characteristics. The estimated relationship with the recovery state’s own regulations is negative.
We interpret this exercise as a supplementary diagnostic rather than a strict test of the model,
since regulations in other states can affect within-state sourcing shares through substitution across

sources.
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7 Counterfactual Policy

This section presents a counterfactual policy experiment in which firearm regulations are harmo-
nized nationwide. To be precise, we consider two hypothetical reforms. The first considers a
scenario in which all states adopt the median level of gun laws observed in 2023. The second
considers a scenario in which New York, in 2023, adopts the same gun policy as Texas. While the
structural parameters are estimated using the full sample period (2009-2023), the counterfactuals
are implemented as a one-time policy change in 2023, holding fixed all geographic frictions and
baseline economic fundamentals.

The exercise proceeds in three steps. First, we recover bilateral interstate frictions using the
model’s equilibrium restrictions and verify that these frictions are well explained by geographic
distance and adjacency. Second, conditional on these frictions, we invert the model to recover
state-year firearm accessibility parameters. Third, we use the estimated relationship between ac-
cessibility and gun laws to simulate the equilibrium allocation of firearm shares under a uniform

national regulatory environment.

7.1 Structural Estimation

Our structural procedure follows directly from the equilibrium condition in equation (2). The key
objects are: (i) the bilateral friction terms B;; and (ii) the state-year parameters Tj; and c;;. Identifi-
cation exploits the multiplicative separability of bilateral frictions and state-specific fundamentals.

However, because Tj; and c;; enter the model multiplicatively and cannot be separately identi-
fied, we estimate only the composite state-specific accessibility term Ty, = Tj; (cz-t)fe as a sufficient
statistic.

Step 1: Recovering Bilateral Frictions Equation (2) implies the model-imposed double-ratio re-

striction:

TCjt  Tljit

Tt Tlii (i) (©)

This restriction implies that the double ratio of bilateral sourcing shares identifies a symmetric

bilateral friction term. Rather than immediately impose a parametric functional form for distance,

we first construct a nonparametric bilateral friction measure B;; directly from the data.

Bij = (dl]d]l) 76.

By construction, bilateral friction is symmetric: B;; = Bj; From Equation (6), it follows that the

bilateral friction measure B;; is linked to observed sourcing shares via
TTijt  Tljjt
B = E KJ . 1)] ,
Tijt Tl
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Table 5: Geographic Determinants of Bilateral Frictions

Linear Quadratic Cubic
1 2) ©) 4) ®)
coef coef marginal coef marginal
log(Distance;;) 1.4091***  4.3654***  1.3301** -50.1179***  1.5572%**
(0.0899)  (1.4581)  (0.0985) (13.7134) (0.1172)
log(Distance;;)? -0.2196** 8.2534**
(0.1089) (2.1420)
log(Distance;;)* -0.4353***
(0.1107)
Border;; -2.7174*** 21559  -3.4214** -45.0326*** -3.8423***
(0.1722)  (2.1986)  (0.3648) (16.4924) (0.5909)
Border;; x log(Distance;;) -0.8282** 15.1223%**
(0.3725) (5.7884)
Border;; x log(Dis’canceij)2 -1.3373***
(0.5070)
Observations 1,128 1,128 1,128
R-squared 0.449 0.451 0.457
Adjusted R-squared 0.448 0.449 0.454

Notes: The dependent variable is the symmetric bilateral friction log B;j, where B;; is the symmetric bilateral friction
measure constructed from the double ratio of interstate firearm shares. Robust standard errors are reported in
parentheses. *** p < 0.01,** p < 0.05,* p < 0.1.

where 77;;; denotes the share of firearms recovered in state j that were originally sold in state i.

In practice, we estimate B;j non-parametrically by averaging the empirical double ratio across

5. 1 Tljt it
l] - f Z 7T.. ) 7T.. :
t jit 11,t

Under the assumption of symmetric distance costs (d;; = d;i), Eij provides a consistent proxy

years:

for (d;j) 7 up to sampling variation.
To validate this procedure, we relate the estimated bilateral friction measure E'j to geographic
distance and border adjacency:

log B;; = f(Distance;;, Border;;) + ¢;;.

We estimate this relationship using linear, quadratic, and cubic specifications in distance. The
results, reported in Table 5, show that the fitted curves closely track the empirical bilateral friction
measure, with only modest differences in marginal effects across functional forms. These findings
provide support for the gravity structure implied by the model and validate the use of Eij as a
measure of bilateral geographic frictions.

The fitted values from this regression define the smoothed bilateral friction term used in the
structural inversion. Consistent with the gravity structure of the model, geographic distance is
a strong predictor of bilateral frictions, thereby validating the theoretical restriction imposed by
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Figure 8: Estimated Bilateral Frictions and Geographic Distance
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Notes: This figure corresponds to Step 2 of the structural estimation, in which we recover bilateral friction terms
B;j implied by the model. Panel (a) plots the estimated log B;; against geographic distance between state pairs,
along with the fitted curves. Panel (b) compares the actual estimated log B;; to the fitted values from the distance-
based specification.

Equation (6).

As expected, bilateral frictions increase with geographic distance and decline for adjacent state
pairs. Across specifications, the estimated marginal effects of distance range from approximately
1.33 to 1.56, while the adjacency indicator reduces bilateral frictions by between 2.7 and 3.8 log
points.

Figure 8 illustrates these findings. Panel (a) shows that the linear, quadratic, and cubic specifi-
cations produce very similar fitted relationships between log B;; and distance. Panel (b) compares
the empirical bilateral friction measure to the fitted values from the preferred specification and
demonstrates that the model closely matches the estimated frictions. The adjusted R? values are
approximately 0.45 across all three specifications, indicating that distance and adjacency explain a
substantial share of the cross-sectional variation in bilateral firearm frictions.

Step 2: Recovering State-Year Accessibility Parameters The goal of this step is to recover the
composite state-specific accessibility term Ty = Ty (cit)_e .
From Equation (2), and under the assumption of symmetric distance (d;; = dj;), the ratio of

inflows from state i to state j relative to domestic sourcing in j can be written as

i Tiey/Bij

7Ljj Tjt
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Figure 9: Evolution of Firearm Accessibility Index, Normalized to 2009.

Evolution of Normalized Log Accessibility
Normalized to 2009 (First Year = 0): Texas vs. California
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Notes: This figure plots the log normalized firearm accessibility index (Tj;) for Texas and California
from 2009 to 2023. The index is normalized to the base year 2009, so that both states equal zero
in 2009. Positive values indicate higher accessibility relative to 2009, while negative values indicate
lower accessibility relative to the base year.

Dividing both sides by ,/B;; yields

N exp <log T —log T]t> . (7)
7jj/Bij

Equation (7) shows that, within a destination-year, relative friction-adjusted sourcing shares
identify relative accessibility across origin states. Intuitively, after netting out bilateral frictions,
variation in observed sourcing probabilities reflects differences in state-specific firearm accessibil-
ity.

We estimate Equation (7) using Poisson pseudo-maximum likelihood (PPML) to recover log(T;; ).
The specification includes state fixed effects, which identify accessibility parameters up to a nor-
malization, and year fixed effects, which absorb aggregate nationwide shifts in firearm markets
that are common across states.

This procedure yields a panel of state-year accessibility parameters log(T};) for the period 2009—
2023.

Figure 9 illustrates the time path of the estimated firearm accessibility index. Texas, which
became more permissive by reducing firearm laws from 10 in 2009 to 6 in 2023, experienced a
sustained increase in accessibility. By contrast, California expanded its firearm regulations from 45
to 62 laws over the same period and exhibits a corresponding decline in the estimated accessibility

parameter.'

Tn the replication file, note that the laws are shifted up by one to preserve zeros.
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Step 3: Linking Accessibility to Gun Laws We next relate the state-year accessibility parameters

to regulatory stringency. Specifically, we estimate the following specification:

log Ty = B1 log(Populationi/t_k) + BoGunLaws; ;i + ; + ¢ + €,

where §; and ; denote state and year fixed effects, respectively, and k indexes the lag structure.
The lag allows firearm accessibility to adjust gradually to changes in population and regulatory
environments.

The coefficient B, maps changes in gun laws into proportional shifts in the accessibility pa-
rameter. Because the dependent variable is in logs, B2 can be interpreted as the semi-elasticity of
firearm accessibility with respect to regulatory stringency.

Results are found in Table 6. Consistent with the reduced-form evidence, stricter gun laws
significantly reduce firearm accessibility. The estimated effects are economically meaningful and
become strongest at lags of six to eight years, suggesting gradual adjustment in sourcing networks
and cross-state flows. Population enters positively, reflecting scale effects in sourcing capacity. Its

impact is most pronounced at shorter horizons, typically within one to three years.

7.1.1 Step 4: Constructing counterfactual

We begin by computing the benchmark equilibrium shares of firearm flows, 712. 1, using the esti-

mated time-invariant bilateral frictions B;; and the estimated accessibility parameters Tj;:

7'L'(-)< th\/ 1]
ij,t
M N T /By

denote the counterfactual level of firearm regulations in state i in year . For

cf

it
each state-year, we compute the counterfactual accessibility parameter as

Let GunLaws:

log T of _ = log th + ,32 (GunLaws ¢f GunLawsit) .

For the counterfactual analysis, we adopt the estimates from the five-year lag (k = 5) specifi-
cation because it provides the best fit to the data according to Table 6 and captures the long-run
adjustment of firearm accessibility to regulatory changes. While a single parameter vector must
be chosen for simulations, the specific choice of lag length, within a reasonable window, is not
driving our counterfactual patterns and not all that important; estimates from adjacent lags yield
substantively similar network reallocations and structural accessibility shifts. This is unexpected
given the results discussed in Section 6.

Using the structural share equation, we then recompute equilibrium sourcing shares based on

the time-invariant bilateral frictions B;; and the counterfactual accessibility parameters T o

Fcf
of Tzct Bij

nij, Z
k= 1 \/
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This procedure yields a full counterfactual matrix of bilateral firearm flows for each year. Be-
cause bilateral frictions are held fixed, all changes arise from adjustments in relative accessibility
across states induced by the policy intervention. The counterfactual therefore captures the general-
equilibrium reallocation of sourcing shares across origin states.

Finally, we compute the change in sourcing shares as

cf

L _ .0
A = i ).

7.2 Counterfactual Analysis

We conduct two counterfactual policy experiments to quantify how changes in gun laws reshape
interstate gun flows in general equilibrium. The first examines a policy change in a single large
state. Motivated by ongoing debates over gun regulation in New York, we simulate a scenario
in which New York modifies its gun laws while all other states remain at their baseline levels.
The second counterfactual considers a hypothetical reform in which all states adopt the median
number of gun laws. This exercise isolates the role of regulatory asymmetries by eliminating cross-

state differences in regulatory stringency.

7.2.1 Counterfactual I: New York Policy Change

We first consider a scenario in which New York adopts the gun policy of Texas, reducing the num-
ber of gun laws from 48 to 6. Figure 10 illustrates the predicted changes in interstate gun flows
under this policy shift. The counterfactual generates two main effects. First, New York sharply
reduces its inflows from other states, as lower regulatory stringency makes local sourcing more
competitive. Second, New York simultaneously becomes a larger origin state, increasing its share
of interstate gun flows to other destinations.

The largest adjustments occur within New York itself. The model predicts a substantial increase
in the share of crime guns originating within the state. Spillovers are strongest among geographi-
cally proximate states. Nearby states such as Massachusetts, New Jersey, and Vermont experience
increased inflows from New York while reducing reliance on alternative sources, including their
own markets and distant states such as Florida. These patterns reflect a gravity-type mechanism
in which regulatory changes shift sourcing toward nearby low-cost origin states.

By contrast, spillovers to distant states are limited. States such as California and Texas are
sufficiently distant from New York that the counterfactual generates only modest changes in their
sourcing patterns. Nevertheless, inflows from New York increase slightly, reflecting an expansion
of New York’s role as an origin state even at longer distances.

Overall, this counterfactual highlights the joint role of geographic frictions and regulatory dif-
ferences in shaping interstate gun flows. Policy changes in a large state generate substantial local
adjustments and geographically concentrated spillovers, with effects that decay rapidly with dis-

tance.

45



Figure 10: Predicted Flows of Crime Guns

Counterfactual Change in Firearm Inflows to New York
(AShare when New York Sets Gun Laws to 6 in 2023)
"

(a) New York — Inflow

Counterfactual Change in Firearm Inflows to Massachusetts
(AShare when New York Sets Gun Laws to 6 in 2023)

(c) Massachusetts — Inflow

Counterfactual Change in Firearm Inflows to Pennsylvania
(AShare when New York Sets Gun Laws to 6 in 2023)

(e) Pennsylvania — Inflow

Counterfactual Change in Firearm Inflows to California
(AShare when New York Sets Gun Laws to 6 in 2023)
h

(g) California — Inflow

Counterfactual Change in Firearm Outflows from New York
(AShare when New York Sets Gun Laws to 6 in 2023)

(b) New York — Outflow

Counterfactual Change in Firearm Inflows to New Jersey
(AShare when New York Sets Gun Laws to 6 in 2023)

(d) New Jersey — Inflow

Counterfactual Change in Firearm Inflows to Vermont
(AShare when New York Sets Gun Laws to 6 in 2023)

(f) Vermont — Inflow

Counterfactual Change in Firearm Inflows to Texas
(AShare when New York Sets Gun Laws to 6 in 2023)
h

(h) Texas — Inflow

Notes: The figure reports predicted changes in interstate gun shares under a counterfactual policy in
which New York adopts six gun laws in 2023, while all other states remain unchanged. Colors indicate
the change in the share of crime guns linking each origin-destination pair. Blue denotes an increase in
the share, while red denotes a decrease. Values close to zero (< 0.0005) are treated as having no effect.



Figure 11: Counterfactual Change in Domestic Firearm Flows

Counterfactual Change in Domestic Firearm Flows
AShare under Uniform National Gun Laws (2023)

Notes: The figure shows the predicted change in interstate firearm import shares under a counterfac-
tual policy in which all states adopt the national median number of gun laws observed in 2023. Colors
represent the change in the share of crime guns recovered in each destination state that originate from
other states. Blue indicates an increase in imported crime-gun shares, while red indicates a decrease.
Values close to zero (<0.0005) are treated as having no effect.

7.2.2 Counterfactual II: Uniform National Gun Laws

Figure 11 visualizes the predicted change in domestic gun shares when all states adopt the national
median number of gun laws observed in 2023. The map reports the resulting change in the share
of crime guns recovered in each destination state that originate from within the state. Blue regions
indicate increases in domestic shares, while red regions indicate declines.

The spatial pattern reflects how harmonization compresses cross-state regulatory differences.
States that initially maintained relatively strict regulatory environments experience declines in in-
flows of crime guns. As more permissive states raise their regulatory standards toward the national
median, incentives for cross-state sourcing weaken, particularly among nearby states. As a result,
these states become more reliant on domestically sourced guns.

Conversely, states that initially had relatively permissive regulations experience increases in
inflow shares. For these states, harmonization represents a tightening of local regulations, which
raises the relative attractiveness of sourcing from other states. The model therefore predicts an
increase in interstate inflows as agents substitute toward external sources.

Figure 12 presents selected counterfactual outcomes for three states spanning the distribution
of regulatory stringency: California (strict), Pennsylvania (moderate), and Texas (permissive). The
left column reports predicted percentage changes in inflows, and the right column reports pre-
dicted percentage changes in outflows under the harmonization scenario.

For California (top), harmonization increases the domestic share of crime guns and reduces
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Figure 12: Inflow and Outflow of Crime Guns: California, Pennsylvania, and Texas

Counterfactual Change in Firearm Inflows to California Counterfactual Change in Firearm Outflows from California
AShare under Uniform National Gun Laws (2023) AShare under Uniform National Gun Laws (2023)
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Counterfactual Change in Firearm Inflows to Pennsylvania Counterfactual Change in Firearm Outflows from pennsylvania
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(e) Texas — Inflow (f) Texas — Outflow

Notes: The figure reports predicted changes in interstate gun shares under a counterfactual policy in
which all states adopt the national median number of gun laws observed in 2023. Each row corre-
sponds to a focal state (California, Pennsylvania, and Texas). The left column shows firearm inflows
(guns recovered in the state but originally sold elsewhere), while the right column shows firearm out-
flows (guns sold in the state but recovered elsewhere). Colors indicate the change in the share of crime
guns linking each origin—destination pair. Blue denotes an increase in the share, while red denotes a
decrease. Values close to zero (< 0.0005) are treated as having no effect.
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inflows from most other states. The largest declines occur among nearby states with more permis-
sive regulations, such as Arizona. At the same time, outflows from California increase, particularly
toward nearby destinations such as Nevada.

Texas (bottom), which has one of the most permissive regulatory environments, exhibits the
opposite pattern. Harmonization reduces the domestic share of crime guns recovered in Texas and
increases inflows from several neighboring states, including Colorado, New Mexico, and Kansas.
Because the policy represents a substantial increase in regulatory stringency for Texas, outflows
decline across most destinations, with the largest reductions concentrated among nearby states.

Pennsylvania (middle) represents an intermediate case. As with California, adopting the me-
dian number of gun laws increases the domestic share of recovered crime guns. Inflows from
neighboring states with stricter initial regulations — particularly New York and New Jersey — also
rise. Outflows from Pennsylvania generally increase, though the effects are more muted.

These patterns generalize across states. Harmonization reduces cross-state regulatory differ-
ences, compressing incentives for interstate sourcing. States with initially strict laws experience
declines in inflows, while initially permissive states experience reductions in outflows. Overall,
the counterfactual highlights the central mechanism of the model: interstate gun flows respond to
relative regulatory environments rather than absolute levels. By reducing regulatory differences,
harmonization attenuates cross-state sourcing patterns, particularly among geographically proxi-

mate states.

8 Policy Implications

A growing body of work studies how state-level regulations generate spillovers across jurisdic-
tional borders. Examples include alcohol and tobacco sales, abortion policy, environmental reg-
ulation, and labor market reforms (Lovenheim, 2008; Dube et al., 2010; Molina and Siegal, 2025).
In these settings, policy differences across states create incentives for cross-border substitution or
arbitrage, weakening the effectiveness of state-level interventions. Our findings add a new dimen-
sion to this literature by documenting substantial regulatory spillovers in firearm acquisition. Our
results have several implications for the design of firearm regulations in a federal system where
states retain primary authority over gun policy, but firearms move across state lines. Three insights
emerge.

First, state-level regulations generate systematic spillovers. Changes in firearm laws in one
state affect firearm availability in other states in a predictable manner. Stricter source-state regula-
tions are associated with smaller shares of recoveries originating from those states, whereas stricter
recovery-state regulations are associated with greater reliance on out-of-state sources. These rela-
tionships concern the composition of recovered firearms rather than changes in the total number
of recoveries. Because these effects decay with distance but remain substantial among neighboring
states, the effectiveness of unilateral state regulation depends critically on the policies of nearby

states. This suggests that gun policy operates on a regional margin, not a purely state-specific
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margin.

Second, regulatory differences across states are associated with systematic variation in the ge-
ographic origins of recovered crime guns. These patterns are consistent with cross-state substi-
tution in firearm acquisition, although the tracing data do not distinguish illicit trafficking from
other mechanisms through which firearms move between states. When two adjacent states differ
sharply in regulatory stringency, the model predicts — and the data confirm — that traffickers real-
locate flows toward the more heavily regulated state. These incentives arise even though legal ac-
quisition costs are nearly uniform across states. The primary drivers of these flows are differences
in accessibility parameters, which reflect how regulations shape the ease of obtaining firearms in
informal or semi-legal markets. Policies that increase this regulatory gap, without coordination,
may unintentionally heighten trafficking pressures.

Third, policies that reduce firearm accessibility in high-supply states generate benefits that
extend beyond their borders. Because states with relatively permissive regulations disproportion-
ately serve as source states, efforts to raise enforcement intensity or tighten acquisition rules in
these states can reduce the volume of trafficked guns recovered elsewhere. This implies that reg-
ulatory tightening in large, high-population source states generates positive externalities for the
national system. Our structural estimates allow us to quantify these gains and show that the mag-
nitude of the external effect is strongly increasing in the size of the source state.

A broader implication follows from these results. Since interstate firearm flows respond to rel-
ative rather than absolute regulations, effective reductions in trafficking require some degree of
policy coordination. This coordination can take several forms: harmonizing specific regulatory
components across regions, aligning enforcement priorities along high-volume trafficking corri-
dors, or establishing federal minimum standards that compress the cross-state dispersion in ac-
quisition frictions. In each case, the model implies that narrowing regulatory differentials reduces
the profitability of cross-state arbitrage and weakens the economic mechanisms that sustain traf-
ficking networks.

In short, in a setting where firearms are mobile and trafficking responds systematically to policy
differentials, the consequences of state-level decisions extend well beyond state boundaries. If
reducing cross-state movement of crime guns is a policy objective, designing policies that take
cross-state feedback into account is central.

9 Conclusion

This paper develops a theoretical and empirical framework to study interstate crime gun recover-
ies in the United States. Building on a Ricardian structure, we model these flows as an equilibrium
outcome shaped by differences in regulatory environments and geographic frictions. The model
delivers four main predictions: interstate crime gun flows decline with distance; stricter regula-
tions in an origin state reduce its outflows; stricter regulations in a destination state increase its

reliance on inflows; and all regulatory effects weaken with distance. Using data on crime-gun
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recoveries and state-level gun laws from 2009-2023, we provide systematic evidence supporting
these predictions using crime gun recoveries while also noting potential selection in tracing/gun
recoveries.

We then use the estimated structural model to quantify how interstate crime gun flows ad-
just under two counterfactual policy scenarios. The first considers a change in gun laws in a
single large state, highlighting how local policy shifts propagate through the network of origin—
destination linkages. The second examines a harmonization of gun laws across states, isolating
the role of cross-state regulatory differences. These counterfactuals illustrate how policy changes
generate general-equilibrium reallocation of interstate crime gun flows. These results underscore
the limitations of unilateral state regulation in a federal system where agents reallocate sourcing in
response to policy differences. More broadly, the findings highlight the general-equilibrium nature
of gun markets: policy changes in one state affect availability in others, and the magnitude of these
spillovers depends on distance, population, and baseline regulatory stringency.

The main limitation of our work is that it does not explore which particular laws have the
largest effects. Since our measure of gun control is the total number of gun laws, two states each
adding a different law would, for example, have the same marginal effect. This is not necessarily a
realistic assumption. While Siegel et al. (2017) already categorizes laws into distinct groups (such
as dealer regulations), using that granularity introduces severe empirical trade-offs. To identify
their independent effects over time would require running a battery of many different continuous
event studies, defending the parallel trends assumption multiple times over, taking into account
distance/border adjacency, all while states are introducing and removing other gun laws, while
also defending why certain results are or are not reasonable (e.g., explaining why are ammo re-
strictions significant but assault weapon bans not?).?’ Our paper also does not weigh in on the
debate concerning the relative importance of formal trafficking and migration patterns in generat-
ing crime gun recoveries — e.g., Cook et al. (2014) and Kleck (2020).

Policies that treat gun markets as isolated systems risk overstating the impact of state-level
interventions and understating the importance of regional or national coordination. Future work
may extend this framework to incorporate heterogeneity in sourcing networks, specific laws, en-
forcement responses, or substitution between legal and informal markets. Future work could also
distinguish regulatory spillovers from compositional spillovers. States differ not only in firearm
regulations but also in the characteristics of their gun-owning populations. Interstate migra-
tion may therefore change firearm markets by relocating individuals with systematically different
propensities to own, transfer, carry, or misuse firearms. Such extensions may further clarify the
channels through which gun laws propagate across states and shape the broader distribution of
crime guns in the United States.

20This is fundamentally a different paper and, in our view, a dumpster fire waiting to happen.
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A Background Figures

Figure 13: Average Time to Crime
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Notes: Left: time between gun recovery and original sale by year and source. Error bars correspond to 95% confidence
intervals. Right: Distribution of average time to crime by crime gun source.
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Figure 14: Common Events Leading to a Firearm Tracing
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Notes: Bars report the share of ATF firearm trace requests, 2012 - 2019, associated with each underlying offense or
circumstance prompting the trace
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Figure 15: Out of County Crime Gun Sources

Inter-County Crime Gun Flows

Imports by Census Division (=5)
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Notes: Maps display the primary sources of out-of-county crime guns recovered in each destination county. Line width
and opacity are proportional to the number of traced crime guns flowing from origin to destination. Arrows indicate
the direction of flows. Data is from Johnson et al. (2024).
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Figure 16: Contemporaneous and Lagged Explanatory Variables
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Notes: Each panel plots the mean (points) and variation (vertical bars) by year for explanatory variables used in the main
regressions and compares the contemporaneous value to its 20-year lag. Panels show: (top left) log state population;
(top right) log state percent Black; (bottom left) total number of state firearm laws (log); (bottom right) unemployment
rate (log).
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Figure 17: Gun Prices Across States
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Notes: Boxplots show the distribution of average handgun prices by state for the five most commonly traced calibers
(9mm, .38 Special, .45 ACP, .22 LR, and .40 S&W), excluding listings priced above $30,000. Boxes denote the first, sec-
ond (median), and third quartiles of each state’s price distribution, with whiskers indicating 95% confidence intervals;
dashed lines mark the corresponding quartiles for the pooled national sample. Prices are constructed from archived
20162020 listings on Guns International and assigned to states based on the area code of the seller’s contact number.
"PU" denotes Parts Unknown, i.e. listings with toll-free or otherwise unidentifiable area codes that could not be matched
to a state.
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B Addressing the Destination-State Endogeneity Concern

Figure 18 plots coefficients estimated from different leads (8) and lags (25) of import- and export-
state gun laws under alternative specifications that differ in how they account for tracing intensity
or lack thereof; other than this distinction, models are identical to what is presented in Equation 4.
The top-left panel reports our preferred specification, which uses recoveries from all states other
than j as a control for tracing intensity. Each dot (and error bar) corresponds to a different model
- so each panel has 31 different models that vary only in the choice of k within the panel. The top
middle and right panels also use some variation of this approach and control for intensity with the
number of recoveries from j (domestic recoveries) and the total number of recoveries (i.e., treating
the exposure variable as a typical control variable). Bottom middle drops the total imports variable
altogether, and the bottom-right panel includes the contemporaneous exposure variable but does
not include a separate measure of tracing intensity. We will defer discussion of the bottom left
panel for later.

Here we first note that the relationship between gun laws and gun recoveries is remarkably
consistent with the observed time to crime. First, there is a general nonlinear relationship between
the lag of gun laws and their effect on crime gun recoveries. In all cases, the effect begins small
and then increases to around the sixth lag, where it begins to stabilize. The effect then peaks at
around the twelfth lag and remains steady after. Importantly, the elbow around zero (the transi-
tion from small lead estimates to increasingly pronounced lagged estimates) is hard to reconcile
with a simple explanation based solely on smooth state-level trends. Given this timing, the pattern
is highly suggestive of a causal relationship between gun laws and crime gun recoveries. Further-
more, in the top three panels, the pattern of the different lags is very similar both directionally and
in magnitude. Leads are generally not statistically significant or are very small in absolute terms.

Consistent with our prior that export state gun laws (j) are mostly exogenous to recoveries in
state 7, we find that gun recoveries from state j in i are mostly not significantly related to the lead
of j’s gun laws. Put differently, if j introduces some gun law in 2018, it is unlikely to affect gun
recoveries in state i in 2016. This changes as the leads turn to lags. In all cases here, increases
in state j’s gun laws reduce the share of crime guns recovered in i from state j. On the other
hand, domestic (or i’s) gun laws are a bit different, but the results are still consistent with the
identifying assumption that future gun laws are plausibly exogenous to contemporaneous crime
gun recoveries — though this is only true once tracing intensity is properly controlled for.

This is illustrated in the bottom right panel, where leads of destination-state gun laws become
positive and statistically significant. Because future laws cannot plausibly affect current recover-
ies, these estimates are most naturally interpreted as evidence of omitted variable bias. The ex-
posure variable is partly proxying for persistent determinants of gun recoveries (e.g., underlying
tracing practices) that both generate higher contemporaneous recoveries and are correlated with
subsequent policy adoption. Once tracing intensity is separately controlled for, these lead effects
disappear.

We are reasonably confident that this is tracing intensity based on analysis using homicide data
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Figure 18: Lags/Leads of Gun Laws and Crime Gun Recoveries
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Notes: Estimated relationship between leads/lags of gun laws (both destination and origin) and the share/number of
imported crime guns. Top left panel corresponds to the estimates presented in Table 3, which uses the natural log of
the total number of recoveries from non-j states as a control for tracing intensity. Top middle uses the number of crime
guns from i (the originating state) as the control for tracing intensity. Top right has no exposure variable but controls for
tracing intensity using the total number of reported crime guns. Bottom left uses the interaction between the GOP vote
share in the 2012 election and the number of successful traces per homicide, and includes the exposure variable. Bottom
middle includes no exposure variable or control for trace intensity, and bottom right has no specific control for tracing
intensity but does include the exposure variable. All models using a lag of gun laws have 33,840 observations.

and 2012 presidential vote shares. To start, for each state we find the total number of crime guns
successfully traced by the ATF per homicide. We then standardize the number of traces per homi-
cide (within state) and plot it against standardized gun laws. The resulting scatter plot (n = 720)
is presented in the top panel of Figure 19. Here we first note there is no obvious correlation be-
tween standardized gun law counts and standardized successful traces per homicide (o0 = —.07).
However, when we separate states based on 2012 presidential election results (Democratic states
defined as states with below-median support for Mitt Romney in the 2012 election; Republican
states at or above the median), we see a clear bifurcation. Gun laws in relatively more Democrat-
voting states have a positive relationship with the number of traces per homicide (p = .33), while
in relatively more Republican-voting states, the relationship is the opposite (0 = —.46). This re-
lationship is robust. When we run intercept-less regression using the two standardized variables
and use state-clustered standard errors, we find that the relationship between traced crime guns
per homicide and gun laws is not significant (p = 0.479) but is significant when we separate by
2012 presidential election votes (Democratic-voting states: p = 0.013; Republican-voting states:
p < 0.001).

This finding brings us back to the bottom left plot of Figure 18. There, instead of controlling for
trace intensity with some measure based on gun recoveries, we instead use the interaction of (log)
homicides with the log percent of the electorate in state i that voted for Mitt Romney in the 2012
presidential election. This is a completely different approach and does not have a potential “bad
control” problem. Overall, we find that this alternative measure of trace intensity produces results
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Figure 19: Heterogeneous Relationship between Trace Intensity and Gun Laws
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Figure 20: Permutation Test
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Notes: Permutation placebo distributions for import- and export-state gun laws. Histograms display coefficient esti-
mates from 100 permutation placebo tests in which the timing of contemporaneous and lagged gun laws is randomly
shuffled within state and state pair while preserving the underlying distribution of laws. Dashed vertical lines de-
note the corresponding point estimates from the main specifications reported in Table 3. Panels compare results for
contemporaneous laws (t=0), lead (t+4), lags (t-6), and deep lags (t-10) for both import- and export-state laws.

that are visually close to the other trace intensity measures. This also helps illustrate the role of
differential tracing effects: in the bottom middle panel, where we don’t control for any measure of
tracing, we find the relationship between domestic gun laws and recoveries is effectively zero for
all lags and leads of gun laws. Given the relationship in Figure 19, this result is fairly reasonable.
We argue that gun laws in, for example, Maine are plausibly exogenous to gun recoveries
in North Carolina, particularly when lagged several years. To test this further, we implement a
permutation placebo test in which we shuffle contemporaneous and lagged gun laws within the
state and state pair (e.g., the ordering of laws for the Maine — North Carolina pair can differ from
the MaineFlorida pair, while preserving the mean and variance of Maine laws across state pairs)
and estimate the k = 0, k = 6, k = 10 models from Table 3 and a k=-4 model. We repeat this exercise
100 times for each (k), producing eight different distributions of coefficients and benchmark these
distributions against the relevant point estimates from Table 3 and the deep lead (k = —4). The
hypothesis being evaluated is that the permutation distributions for both import- and export-state
laws should be centered around zero for all k but the point estimates in the lag cases (k = 10 and
k = 6) should be relatively further from the distribution relative to the point estimates in the k = 0

and k = —4 cases.
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Results are presented graphically in Figure 20. In the case of export-state gun laws, we find
evidence consistent with a causal interpretation; both distributions are centered around zero, the
point estimate from the k = 6 and k = 10 model lies far from the permutation distributions, and,
in the k = 0 and k = —4 cases, the point estimate lies relatively close to a permutation distribution
centered near zero. This is also true with the permutation distributions of the import laws. Both
distributions are centered around zero and are relatively close to the point estimates.

Finally, all of these robustness checks are consistent with the structure of the variance in state-
level gun laws documented in Section 3. As noted there, gun laws are low-dimensional and well-
characterized by state fixed effects and state-specific time trends. In practical terms, this implies
that short-run local conditions leave very little room to drive changes in state gun laws relative to
the slow-moving trends driven by broader political dynamics. Consequently, a reverse causality
mechanism is highly implausible: it is unlikely that states modify their firearm regulations in re-
sponse to shifts in the origin shares of recovered guns, or because the outflow of guns traced back
to their state has changed.
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C Robustness Checks
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Figure 21: Joint Effect of Distance, Population, and Gun Laws
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Table 11: Joint Effect of Distance, Population, Gun Laws and Interstate Connections

Model 1 Model 2

Distance -1.062*** -1.015%**
(-21.25) (-16.40)
GunLaws ;1 0.121** -0.0226
(2.47) (-0.38)
Distance x Gun Laws ;;_ 0.0551 0.115
(1.46) (1.62)
Shared Interstate=1 0.128** 0.157***
(2.24) (2.84)
Shared Interstate=1 x Distance -0.502%** -0.535***
(-6.81) (-6.63)
Shared Interstate=1 x Gun Laws ;;_ -0.0636 0.0569
(-1.25) (0.74)
Shared Interstate=1 x Distance x Gun Laws ;; 0.0756 0.194**
(1.31) (1.98)
Population ;;_ 1.078** 1.204***
(2.54) (3.95)
Distance x Population ; ;_j 0.203*** 0.159**
(3.80) (2.33)
Gun Laws ; ;_j x Population ;; -0.0991** -0.141%*
(-2.49) (218)
Distance x Gun Laws ;;_; x Population ;; -0.0447 -0.0445
(-1.23) (-0.89)
Shared Interstate=1 x Population ; ;_j 0.0978** 0.0590
(2.14) (1.19)
Shared Interstate=1 x Distance x Population ; ;_ -0.0407 -0.0771
(-0.59) (-0.93)
Shared Interstate=1 x Gun Laws ;;_j x Population ;;_j 0.000834 -0.0518
(0.02) (-1.03)
Shared Interstate=1 x Distance x Gun Laws ;;_ x Population ;;_j 0.0421 0.0487
(0.91) (0.94)
Guns %it -0.709*** -0.632%**
(-12.12) (-12.94)
U. Rate itk 0.0909* -0.00672
(1.70) (-0.15)
U.Rate ;; -0.0870** 0.00188
(-2.12) (0.04)
% Black ;g -0.309 -0.115
(-152) (-1.28)
% Black j ;i 0.559*** 0.235**
(3.18) (2.04)
Distance 0 0
() ()
Gun Laws j; -0.0654* -0.130**
(-1.65) (-2.56)
Distance x Gun Laws j;_ -0.122%* -0.200%**
(-3.34) (-3.33)
Shared Interstate=1 x Gun Laws ;; 0.146*** 0.263"**
(3.28) (3.94)
Shared Interstate=1 x Distance x Gun Laws j; ¢ 0.239*** 0.313***
(3.92) (3.71)
Population j;_ 0.358 0.194
(1.13) (1.02)
Distance x Population ;; ¢ 0.135** 0.164***
(2.53) (2.70)
Gun Laws j;_x x Population ;; -0.0162 0.121*
(-0.42) (1.94)
Distance x Gun Laws ;_j x Population jt—k 0.0227 0.0532
(0.55) (0.97)
Shared Interstate=1 x Population j; -0.103** -0.140%**
(-2.56) (-3.03)
Shared Interstate=1 x Distance x Population ;; -0.0550 -0.0754
(-0.76) (-0.95)
Shared Interstate=1 x Gun Laws ;;_j x Population j; 0.0578 0.0716
(1.59) (1.43)
Shared Interstate=1 x Distance x Gun Laws ;; j x Population ;; -0.0854* -0.115*
(-1.67) (-1.81)
Constant -5.426*** -5.298"*
(-17.50) (-24.80)
OBS 31584 33840
Pairs 2256 2256
R2 0.880 0.884

Notes: Estimated effects using a fixed effects Poisson estimator. All models include origin state fixed effects and year
fixed effects. The lag is indicated by the column label. Z-statistics from pair clustered standard errors are in parentheses;
**p <0.01,*p <0.05*p <0.1.
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D Placebo Test

As a placebo test, we examine whether characteristics of the paired origin state (population, gun
laws, border status, and distance) predict the share of crime guns recovered in a destination state
that originate from that same state. We refer to these as domestic recoveries. The hypothesis is that
origin-state characteristics (as in the pair) should not affect guns that were both sold in state j and
recovered in state j.

Results are presented in Table 12. The model specification follows Equation 4, with the same
lags used in Table 3. The only difference is that the outcome variable is the share of domestic
recoveries. We find a negative relationship between domestic recoveries and domestic gun laws.
As expected, the characteristics of the paired origin state have either no significant relationship
with the share of domestic recoveries or the relationship is a precise zero (e.g., border and distance).
This includes population, border status, distance, and gun laws. So, for example, the population
and the number of gun laws in California do not affect the number of guns sold in and later
recovered in Utah.

Finally, we note the high R? in the estimates presented in Table 12. This, coupled with the
precise zeros, may cause some to question our results. First, the high R? is driven by the inclusion
of variables that are highly correlated with the number of crime guns recovered in state j and
from state j. These variables are state fixed effects, state population, and the total number of guns
recovered in the state (the exposure variable). When we remove these variables, we find the R?
falls but the null relationship between gun laws in state i and domestic recoveries remains. These
results are found in the Table 13.
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E Gun Law Totals by Law Type

Figure 22: Total Number of Dealer Regulations (1976-2024)

Dealer Regulations
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Notes: From top left to bottom right: State dealer license required for sale of all firearms, State dealer license required
for sale of handguns, Ban on non-commercial dealers, Mandatory reporting of stolen guns by all firearm dealers, and
Dealers are liable for damages resulting from illegal gun sales. Descriptions are taken verbatim from the Siegel code

book.
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Figure 23: Buyer Regulations (1976-2024)

Buyer Regulations
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Notes: From top left to bottom right: Waiting period is required on all firearm purchases from dealers, Waiting period
is required on all handgun purchases from dealers, A license or permit is required to purchase all firearms A license
or permit is required to purchase handguns, Gun owners must register their firearms with the state, Gun owners must
register their handguns with the state, De facto registration of firearms is in place because of a record-keeping require-
ment for all gun sales, De facto registration of handguns is in place because of a record - keeping requirement for all
handgun sales, Purchase of handguns from licensed dealers and private sellers restricted to age 21 and older, Purchase
of long guns from licensed dealers and private sellers restricted to age 18 and older, Purchase of long guns from licensed
dealers and private sellers restricted to age 21 and older, Mandatory reporting of lost and stolen guns by firearm owners,
and Buyers can purchase no more than one handgun per month with no or limited exceptions. Descriptions are taken
verbatim from the Siegel code book.
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Figure 24: Prohibitions for High Risk Gun Possession (1976-2024)

Prohibitions for High-Risk Gun Possession
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Notes: From top left to bottom right: Waiting period is required on all firearm purchases from dealers, Firearm pos-
session is prohibited for people who have committed a violent misdemeanor punishable by less than one year of im-
prisonment, Handgun possession is prohibited for people who have committed a violent misdemeanor punishable by
less than one year of imprisonment, Firearm possession is prohibited for people who have committed a violent misde-
meanor punishable by more than one year of imprisonment, and People are required to relinquish their firearms after
they become prohibited from possessing them. Descriptions are taken verbatim from the Siegel code book.
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Figure 25: Background Checks (1976-2024)

Background Checks
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Notes: From top left to bottom right: Universal background checks required at point of purchase for all firearms, Univer-
sal background check required at point of purchase for handguns, Background checks required for all gun show firearm
sales at point of purchase, Background checks required for gun show handgun sales at point of purchase, Background
checks conducted through permit requirement for all firearm sales (or universal background checks) Background checks
conducted through permit requirement for all handgun sales (or universal background checks), State conducts separate
background checks beyond the federal NICS check for all firearms, State conducts separate background checks beyond
the federal NICS check for handguns. Descriptions are taken verbatim from the Siegel code book.
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Figure 26: Ammo Regulations

Ammo Regulations
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Notes: From top left to bottom right: Vendor license required to sell ammunition, Records of ammunition sales must be
retained, Permit required to purchase ammunition, Purchase of any type of ammunition restricted to age 18 and older,
Purchase of handgun ammunition restricted to age 21 and older, and Background checks required for ammunition
purchase. Descriptions are taken verbatim from the Siegel code book.
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Figure 27: Possession Regulations

Possesion Regulations

Handgun Possession (21<) Long-Gun Possession (18<) Long-Gun Possession (21<) GVRO
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Notes: From top left to bottom right: No possession of handguns until age 21, No possession of long guns until age
18, No possession of long guns until age 21, Family members or law enforcement officers can confiscate firearms from
any person who is deemed by a judge to represent a threat to themselves or others, Law enforcement officers can
confiscate firearms from any person who is deemed by a judge to represent a threat to themselves or others, No gun
carrying allowed on college campuses except for concealed weapon permittees, No gun carrying on college campuses
including concealed weapons permittees, No gun carrying on elementary school property, including concealed weapons
permittees, No open carry of handguns is allowed in public places, No open carry of long guns is allowed in public
places, No open carry of handguns is allowed in public places unless the person has a concealed carry or handgun carry
permit, and No open carry of long guns is allowed in public places unless the person has a permit. Descriptions are
taken verbatim from the Siegel code book.
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Figure 28: Concealed Carry and Stand Your Ground

Concealed Carry

CC Permit Required May Issue CC Permit
50 | I 50 I [
I | | | |
40 | | 404 | [
_ I [ _ I [
S 304 | | | S 304 | | |
S I I = I (.
20 I [ 20 I [
I [ I [
4 I [ | I I
10 T T T I T I I T 10 T T T I T I T
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
No SYG
50 | [
[
40 Il
[
£ 30+ .
°

20+

10+

T T T T T
1980 1990 2000 2010 2020

Notes: From top left to bottom right: Permit required to carry concealed weapons, “May issue” state, and No stand
your ground law. Descriptions are taken verbatim from the Siegel code book.
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Figure 29: Assault Weapon and Magazine Capacity Limits

Assault Weapons and Large-Capacity Magazines
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Notes: From top left to bottom right: Ban on sale of assault weapons beyond just assault pistols, Ban on sale of assault
weapons using a one-feature definition, Ban on sale of assault weapons which includes a list of banned weapons,
Grandfathered weapons must be registered, Transfer of grandfathered weapons is prohibited, Ban on sale large capacity
magazines beyond just ammunition for pistols, No magazines with a capacity of more than 10 rounds of ammunition
may be sold, and Possession of pre-owned large capacity magazines is prohibited. Descriptions are taken verbatim from
the Siegel code book.
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Figure 30: Domestic Violence

Domestic Violence
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Notes: From top left to bottom right: People convicted of a misdemeanor crime of domestic violence against a spouse,
ex-spouse, or cohabitating partner are prohibited from possessing firearms, People convicted of a misdemeanor crime
of domestic violence against a spouse, ex-spouse, or cohabitating partner are required to surrender their firearms, State
law allows law enforcement to remove firearms from MCDV offenders State law requires law enforcement officers to
remove firearms from MCDV offenders, State law requires law enforcement to remove firearms from the scene of a
domestic violence incident, All firearms must be removed from the scene of a domestic violence incident, State law
automatically prohibits domestic violence-related restraining order (DVRO) subjects from possessing firearms, Ex parte
(temporary) DVRO subjects are automatically prohibited from possessing firearms State law requires DVRO subjects
to surrender their firearms, State law requires ex parte DVRO subjects to surrender their firearms, Law enforcement
officials are required to remove firearms from people subject to a domestic violence-related restraining order, and A
stalking conviction is prohibitive for firearm possession. Descriptions are taken verbatim from the Siegel code book.
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F What Laws Probably Matter?

We now consider which laws may be driving the observed effects. Recall that there are 11 broad
classifications of laws. Two of these classifications (Stand Your Ground and Child Access Preven-
tion) contain only a single law. We do not estimate the effect of Child Access Prevention laws
due to limited variation, but we do estimate the effect of Stand Your Ground laws because there
is sufficient variation (see Figure 28). To do so, we use a specification similar to that described in
Equation 4 and estimate the same underlying model with different lags and leads (closely follow-
ing 3). There are three key differences, however: 1) rather than using the natural log of law counts,
the main variables of interest are the raw counts of laws (e.g., the number of Concealed Carry laws
in a given state-year), implying that estimates should be interpreted as semi-elasticities; 2) we con-
trol for the total number of “other” laws in place as well as the number of relevant laws 25 years
prior; and 3) we restrict the sample to pairs in which both states exhibit variation (e.g., we drop a
pair if one state always has two dealer laws when estimating the dealer law effect).?!

Estimation results are presented in Figure 31. Each panel shows the estimated relationship
between different lags and leads of specific gun law types and the share of crime guns originating
from a given state. The panel title indicates the law type. In most cases, each panel includes 29
estimated effects: 8 leads (serving as a rough pre-trend test), 20 lags, and the contemporaneous
measure. When fewer than 29 estimates are shown, this reflects collinearity issues.

With respect to potential violations of pre-trends, ammo laws (both import and export) and
possession restrictions (particularly for export states) appear the least reliable. In these cases, the
leads are statistically significant, suggesting that the estimated effects are unlikely to be causal
and are instead driven by serial correlation. Stand Your Ground laws (or more precisely, their
absence) also do not appear to have meaningful effects, as estimates generally remain close to zero
for both import and export states. The most plausible effects, based on the overall patterns, are for
laws restricting purchases by high-risk individuals, buyer regulations, background checks, and
domestic violence laws. In these cases, pre-trends are generally small or not statistically different
from zero. Moreover, the presence of these laws in import states tends to increase imports, while
their presence in export states reduces the share of guns recovered in import states.

Dealer laws, assault weapon laws, and concealed carry permit laws exhibit patterns that are
suggestive of real effects, though each includes some estimates that warrant caution. Increases in
dealer regulations in destination state increase the share of crime guns coming from out of state.
However, these same laws in the origin state also have a positive relationship with the share of
recoveries in the destination state. In the case of Assault Weapons and Magazine restrictions laws,
the origin state laws behave almost ideally; the effect plummets to zero at t = 0 and the leads
are mostly not different from zero. At first glance, the destination state laws also behave almost
perfectly but note here the sign is in the opposite direction that is predicted by theory. The presence

2Importantly, this variation requirement is applied separately for each lag and lead. When estimating the effect of a
given lag (tk) of a particular law, we restrict the sample to state pairs that exhibit variation in that law at the relevant
lag. In other words, pairs that do not change at horizon (tk) are excluded from that specific regression but may still be
included when estimating other lags or leads.
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Figure 31: Gun Regulations and Recoveries
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Notes: Effect of gun laws (by type) on interstate imports. Estimates from Poisson regressions including origin and
destination measures of gun laws, population, unemployment rate, percent Black (for both source and destination
state), log distance, and a border dummy. Models include source fixed effects, destination fixed effects, and year fixed
effects. Models also exclude pairs in which one state always has the same number of gun laws of one particular type
(consistently always treated). Standard errors clustered by state pair. Each panel has (at most) 29 separate estimates (8
leads of gun laws of a given type, 20 lags, and the contemporaneous law count).
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of these laws decreasing gun recoveries from origin states. Moreover, the timing of the export state
laws is questionable. The time to crime suggests gun laws will have a long burn in period so an
instantaneous effect here is suggestive of something else. Concealed carry permit laws also have
effects that are contrary to theory but these are more sensible ex-post. Here we find, in the case
laws in the import state, the presence of these laws decrease the share of crime guns coming from
outside the state while concealed carry permit laws in the exporting state have no effect on the
recoveries in the importing state. This “null” result for export state and negative effect for import
state laws could be explained by individuals carrying less (or more responsibly) after moving to a
state with relatively stricter concealed carry requirements.
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