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Abstract Firearm-related interpersonal violence is a
leading cause of death and injury in cities across the
United States, and understanding the movement of
firearms from on-the-books sales to criminal end-user
is critical to the formulation of gun violence preven-
tion policy. In this study, we assemble a unique dataset
that combines records for over 380,000 crime guns
recovered by law enforcement in California (2010–
2021), and more than 126,000 guns reported stolen,
linked to in-state legal handgun transactions (1996–
2021), to describe local and statewide crime gun trends
and investigate several potentially important sources
of guns to criminals, including privately manufactured
firearms (PMFs), theft, and “dirty” dealers. We docu-
ment a dramatic increase over the decade in firearms
recovered shortly after purchase (7% were recovered
within a year in 2010, up to 33% in 2021). This cor-
responds with a substantial rise in handgun purchas-
ing over the decade, suggesting some fraction of newly
and legally acquired firearms are likely diverted from
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the legal market for criminal use. We document the
rapid growth of PMFs over the past 2–3 years and find
theft plays some, though possibly diminishing, role as
a crime gun source. Finally, we find evidence that some
retailers contribute disproportionately to the supply of
crime guns, though there appear to be fewer problem-
atic dealers now than there were a decade ago. Overall,
our study points to temporal shifts in the dynamics of
criminal firearms commerce as well as significant city
variation in the channels by which criminals acquire
crime guns.

Keywords Crime guns · Gun theft · Ghost guns ·
Criminal gun markets · Handgun purchasing

1 Introduction

Firearm-related interpersonal violence is a leading
cause of death and injury in cities across the United
States. A critical gap in our understanding of the prob-
lem is highlighted by our inability to provide a satis-
factory answer to the question: where do crime guns
come from? While trace data on firearms confiscated
by police and submitted to the Bureau of Alcohol,
Tobacco, Firearms, and Explosives (ATF) to identify
the first retail sale have provided one means of better
understanding the illegal supply of firearms to crimi-
nals, restrictions on record sharing since adoption of
the Tiahrt amendments in the early 2000s have pre-
cluded detailed trace data research, other than at the
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local level [1,2]. However, in California, since 2002,
the state has required that local law enforcement agen-
cies submit information on all recovered crime guns to
its Department of Justice (CADOJ) to be forwarded to
ATF for tracing and that the information be retained
by CADOJ for at least 10 years and be available for
research [3,4]. The present study is the first to analyze
these California data.

In this paper, we provide a descriptive analysis of
crime gun reports from 2010 to 2021 and examine
several potentially important sources of crime guns,
including privately manufactured firearms (PMFs),
firearm theft, and licensed retailers who may intention-
ally or through negligence break the law. We rely on
a unique constellation of datasets that include records
for over 380,000 crime guns recovered in the state, and
more than 126,000 guns reported stolen, linked to indi-
vidual firearm purchase records dating back to 1996
for handguns and 2014 for long guns. These Dealer
Records of Sale (DROS) transactions allowus to follow
or “trace” firearms from their first recorded transaction
in the state to the onemost immediately preceding their
use in a crime. This is distinct from ATF trace records,
which only record the first legal sale.

We begin by describing trends in crime gun recov-
ery, mapping time-to-crime (TTC)—the time between
retail sale and the recovery of the gun by law enforce-
ment at a crime scene or from a criminal suspect—
across place and over time. We examine trends in
firearms recovered in violent crimes and other offenses.
We also describe the rise of privately manufactured
firearms (PMFs) in crime gun recoveries. Next, we turn
to the relationship between firearm theft and criminal
use. We present temporal trends in theft in the state and
link firearms reported stolen to legal transaction and
crime gun recovery records to trace the “life course”
of these weapons. We then investigate the role of retail
dealers in supplying firearms to criminals, examining
whether there are certain dealers who are more likely
to sell crime guns, the characteristics of these dealers,
and trends over time.

2 Data

Theprincipal data for this study areCalifornia gun trace
records. These data include specifics about the recov-
ered gun including place of recovery and the crime in
which it was used. From 2010 to 2021, the data contain

records for 381,213 recovered guns. This represents
between 86% and 91% of the total number of annual
trace records reported by ATF for the state, depend-
ing on year. In all but a handful of jurisdictions, there
does not seem to be any significant missingness across
years. We estimate inconsistent reporting in the hand-
ful of jurisdictions amounts to less than 5% of total
crime gun reports over the study period. (Details on our
assessment of data reporting consistency and quality
across cities are provided in the Supplement Section1,
with cities with suspected under-reporting shown in
Supplement Fig. 1).

In addition to the crime gun recovery records, we have
records for 126,941 firearms reported stolen from 2010
to 2021. California is one of 15 states that require private
citizens to report to law enforcement when a firearm is
lost or stolen [5]. Since July 2017, individuals must
report within 5 days of the time they discovered or
reasonably should have discovered the loss or theft [6].

We linked the crime gun recovery records and stolen
gun reports to California’s Dealer Record of Sale
(DROS) data, maintained in the CADOJ’s Automated
Firearm System (AFS). These records contain all hand-
gun transactions since 1996 and transactions for rifles
and shotguns since 2014. California law requires that
essentially all transfers of firearms be done through a
Federal Firearms Licensees retailer (FFL), including
transfers between private parties, gun show sales, gifts,
loans, and pawned or consigned weapon redemptions.
Prospective firearm purchasers must submit an appli-
cation to the FFL, who provides purchaser information
to CADOJ through electronic transfer. CADOJ then
checks state and federal records to determine whether
the applicant is legally disqualified from purchas-
ing or possessing firearms under state or federal law.
The DROS records include the prospective purchaser
information (name, date of birth, sex, race/ethnicity,
address); date and time of transaction; the type of trans-
action (e.g., sale, denial, transfer, pawn); and identifiers
for the seller.

We constructed the ownership history of recovered
crime guns and stolen guns by linking these records to
DROS transactions using the CADOJ linkage number.
We linked a total of 202,396 crime guns and stolen
guns to DROS transactions. The crime gun data do not
consistently include possessor information. Nor are we
able to identify purchases that occurred in other states,
as ATF traces do. However, unlike ATF trace data, we
are able to identify not only the first purchase, but all
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subsequent legal transactions. This updated measure
still does not give us an estimate of how long the gun
was in the possession of the offender fromwhom it was
recovered, but, compared to the standard ATFmeasure,
does provide a lower ‘upper bound.’ Given a significant
majority of recovered crime guns are handguns (70%),
and theDROS data are incomplete for long guns during
our study period, we focus our temporal analyses such
as trends in TTC on handguns.

3 Trends in Crime Gun Recoveries and
Time-to-Crime

The number of crime guns recovered in the state has
grown over the last decade by close to 70%, from
a rate of 64.6 per 100,000 population to 107.2 per
100,000 in 2021. Figure1 shows the separate trends
for handgun recoveries and long gun recoveries, bro-
ken down by recoveries in a violent crime and recov-
eries connected to other offenses (Supplement Table 1
details the CADOJ crime categories included in vio-
lent crime). Recoveries of handguns in both violent
crimes and other crimes have close to doubled.Notably,
long gun recoveries have been constant over the study
period, which provides some assurance that the rise
in crime gun recoveries is not an artifact of increased
law enforcement reporting. Crime gun recoveries have
increased for most crime categories, though most sig-
nificantly for weapon offenses: there were approxi-
mately 15,000 weapon offense recoveries in 2010 and
close to 30,000 in 2021; violent crime recoveries grew
from approximately 1,600 in 2010 to 2,300 in 2021
(Supplement Fig. 9).

Over our study period, there has been a substantial
increase in the number of crime guns recovered with
a short TTC. Short TTC is a commonly used indicator

of illicit trafficking or transfer [7]. Less than 3 years
is generally considered an indicator of possible illegal
activity by dealers or traffickers; a time of less than a
year a very strong indicator [2,8,9]. Research has also
shown that TTC is longer, on average, in states with
more stringent firearm laws and regulations on deal-
ers, suggesting that these laws can reduce the ease with
which firearms are illegally diverted from legal com-
merce [10,11]. Privately manufactured firearms (PMF)
are not included in this calculation as there is no initial
retail sales date fromwhich to calculate a time to crime.

TTC is consistently shorter for handguns recov-
ered in a violent crime compared with other crime
gun recoveries (Fig. 2). In all cases, median TTC has
declined over the past decade. From 2010 to 2021, the
median TTC for handguns recovered in violent crime
dropped from 15 years to 4 years, with a particularly
steep decline between 2014 and 2018. The percent-
age of crime guns recovered within a short period (6
months, 1 year, and 3 years) has increased significantly
over the decade. For example, for handguns recov-
ered in a violent crime, the fraction recovered within 6
months has nearly tripled, from 5% in 2010 to close to
15% in 2021, with the most significant rise in the last 4
years; the percent recoveredwithin 1year hasmore than
tripled from 7% to 33%, with a dramatic increase in
2021 from the year prior. These TTC numbers are cal-
culated from the last known transaction. As noted pre-
viously, ATF statistics report TTC from the first point
of sale. Overall, the difference in median TTC during
our study period calculated from these two methods is
approximately 2 years: 12.8 years using the last known
transaction, 14.9 years using the first. Regardless of
whether we use first or last purchase, we see a growing
number and share of short TTC crime guns.

We find this same state-level pattern of shorter
median TTC and rising short TTC crime across Cali-

Fig. 1 Trends in crime gun
recoveries in violent and
non-violent crimes:
2010–2021
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Fig. 2 Trends in time-to-crime: 2010–2021

fornia cities. Figure3 shows TTC across all cities (that
had at least 10 crime gun recoveries per year) 2010–
2021. In 2010, the distribution is roughly normally
distributed and centered around the median (approx-
imately 15 years), it begins to shift in the twenty-teens,
and by the last 4 years of data, most California cities
have a median TTC that is less than half what it was in
2010.

This rise in short TTCmay in part be the result of the
rise in firearm purchasing over the past decade. There
weremore than three times asmany handgun purchases
in California in 2020 as compared to 2010 (666,168
vs. 217,836); handgun purchasing was down in 2021
(519,806) but still up by 140% from 2010 (Supple-
ment Fig. 3 showsmonthly sales over the study period).
The Federal Bureau of Investigation’s (FBI) National
Instant Criminal Background Check System (NICS), a
commonly used proxy for firearm sales, shows a simi-
lar national rise in purchasing over the last decade and

spike in purchasing in 2020. In 2010, there were close
to 15 million NICS checks; there were over 28 million
in 2019 and almost 40 million in 2020 [12].

National ATF trace data also indicate a rise in recov-
ered crime guns with a short TTC in the last few years.
The percentage of traces with a TTC less than 1 year
(measured from first purchase to time of recovery) was
relatively stable between 2017 and 2019, but increased
from 20% in 2019 to 32% in 2021 [13]. This national
increase in firearm purchasing and rise in short TTC
has also been connected to the rise in firearm homi-
cides seen in 2020 and 2021, both in California and
across the USA [14,15]. Nationwide, the firearm homi-
cide rate increased by close to 35% from 2019 to 2020
and by an additional 8% in 2021 [16]. Firearms were
used in 81% of the homicides perpetrated in 2020, the
highest proportion ever reported [16,17]. In Califor-
nia, from 2019 to 2021, homicides rose by 41% and
aggravated assaults by 18%, driven by a rise in firearm-
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Fig. 3 Median TTC across California cities: 2010–2021

related homicides and aggravated assaults, which were
up 52% and 64%, respectively [18]. There are obvi-
ously many means by which potential offenders can
obtain firearms, but these trends suggest that some frac-
tion of the newly and legally acquired firearms in the
population are likely diverted from the legal market for
criminal use.

4 The Rise of Ghost Guns

We now turn to the role of criminal access to untrace-
able PMFs. These so-called “ghost guns” have been
growing in popularity across the USA, but have been
especially prevalent in states such as California with
strict firearm laws [19]. Unserialized, untraceable
firearms are built from unfinished parts that do notmeet
the legal definition of a firearm and thus are not regu-
lated under federal law. California is one of a handful
of states that have begun to require such firearms to be
registered. Since 2019, owners must obtain a unique
serial number from the CADOJ for any PMF [20], and
sales of firearm precursor parts, including unfinished

receivers, must be conducted through licensed dealers
[21].

To estimate the prevalence of recovered PMFs,
we use several proxies including manufacturer code
“unknown” and manufacturer code “unknown and
manufactured in the USA but not military-issued.”
Using these estimates, Fig. 4 shows the introduction
of PMFs into the criminal gun market around 2015–
2016 and a dramatic increase in their prevalence in the
last 2 years, reaching approximately 20% of all recov-
ered crime guns in the last year for which we have data.
Some share of this growth may simply be the enforce-
ment of the 2019 law requiring PMF registration with
CADOJ. We therefore also look at recoveries for non-
weapon offenses and violent offenses separately. This
estimate will be conservative as some weapon offenses
involvemore than simple illegal possession. Statewide,
in 2021, 13% of firearms recovered in violent crimes
were PMFs and approximately 14% of firearms recov-
ered in non-weapon offenses were PMFs.

Figure 5 shows trends acrossmediumand largeCali-
fornia cities (thosewith population of 200,000 ormore)
in the proportion of crime guns that were PMFs. We
present weapon offense and other crime gun recover-
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ies separately to disambiguate use in crime from the
simple possession of an unregistered PMFs. The data
show substantial variation in the prevalence of PMFs in
the criminal gun market across place. For example, in
San Francisco and San Diego, close to 30% of recov-
ered crime guns were PMFs. In LosAngeles, the preva-
lence appears to be much less, reaching only 10% in
2020.

Consistent with the rise in PMF recoveries in crime,
the share of recovered crime gunswith prior legal trans-
action records in California has declined significantly
in the last few years. From 2010 to 2019, each year
approximately 40–43% of recovered handguns had at
least one transaction record in DROS; the percentage
dropped to 33% in 2020 and 28% in 2021 (Supplement
Fig. 11).

However, this decline in the share of crime guns
with prior sales records in California does not appear
to be solely related to PMFs: aggregate ATF trace data
also indicate an increasing share of recovered firearms
sourced from other states (Supplement Fig. 4). In 2010,
ATF reported that 15% of California recovered crime
guns were first purchased in another state; by 2021,
29% originated in a different state [22]. Studies have
consistently found that states with stricter gun laws
such as California have a higher proportion of crime
guns originating from other states compared to states
with lax gun laws [8,11,23]. Likewise, studies have
documented the earlier and more dramatic growth in
the prevalence of PMFs in states with strict gun laws,

likely reflecting the demand among prohibited persons
for firearms via alternative channels [19].

5 Stolen Guns and Crime Gun Recoveries

We now turn to examining the role of theft in diverting
firearms from the legal market and supplying firearms
to offenders. The extent to which theft is an important
source of firearms to criminals remains debated [24].
The Bureau of Justice Statistics (BJS) National Sur-
vey of Prison Inmates data suggests that theft plays a
relatively minor role in directly arming criminals. The
most recent 2016 survey found that among prisoners
who reported that they possessed a firearm during their
offense, 6% said that they had stolen the firearm [25].
The most common source reported was the illicit mar-
ket (43%); 25% said they had obtained the firearm from
a family member or friend or as a gift, 7% reported that
they found it at the scene of the crime, and 7% reported
that they had purchased it under their own name from a
licensed firearm dealer. Of course, even if the possessor
did not directly steal the weapon, theft could source
firearms to offenders if there are traffickers who steal
firearms and sell them on the illicit market.

Overall, during our study period, approximately 8%
of recovered crime guns had previously been reported
stolen. This fraction is somewhat higher than other
estimates from single jurisdictions [24]. This is likely
becausewehave access to data across the state,whereas
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Fig. 5 Trends in Ghost Gun Recovery by City: Weapon Offenses vs Other Crimes

local law enforcement agencies do not check thefts in
other cities. Even with statewide data, to the extent that
firearms are stolen but not reported to law enforcement,
estimates of the fraction of crime guns that had been
stolen will be a lower bound.

In recent years, both the number of stolen gun
reports, as well as the share of recovered guns previ-
ously reported stolen, have fallen. The rate of stolen gun
reports reached a high of 3.3 per 100,000 in 2012–2013
(close to 12,000 stolen firearms per year); it was down
to less than 1.5 in 2020 and 2021 (a total of 7,906 stolen
firearm reports in 2021) (Supplement Fig. 6). The frac-
tion of recovered crime guns previously reported stolen
has also dropped over the last few years: between 2010
and 2018, approximately 6–7% of firearms recovered
in a violent crime had been reported stolen; in 2021,

just under 4% of firearms recovered in a violent crime
had been reported stolen (Supplement Fig. 7). Inso-
far as California’s 2017 state law requiring owners to
report lost and stolen weapons within 5 days [26] has
had any impact on reporting, the number of thefts may
have dropped even more than the data reflect.

This decline in both the number of stolen guns and
share of stolen crimeguns is consistentwith the hypoth-
esis that theft is playing a diminishing role in arm-
ing criminals as individuals seeking firearms for illegal
use are increasingly able and likely to acquire PMFs.
The decline is also consistent with the more general
state trend in declining theft, particularly in the last 2
years during theCOVID-19 pandemic and related lock-
downs. The 2020, statewide property crime ratewas 9%
lower than it was in 2019, and the lowest observed since
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1960 [18]. Larcenywas down 15%, an offense that, like
robbery, tends to increase with the volume of social
interactions; burglary was down 4%, with more people
at home and fewer houses unattended [27]. On the other
hand, auto theft increased by 20% in 2020 compared to
the year prior, [27] likely related tomore vehicles being
left unattended. Nationally, gun theft from vehicles has
risen over the past decade, with some research suggest-
ing that this may be linked to increasingly permissive
firearm carry laws [28].

While statewide trends suggest some reduction in
stolen firearms, there is substantial variation across
jurisdictions in the state (see Supplement Fig. 8). In
San Francisco and Sacramento, for example, the per-
centage of crime guns that were previously reported
stolen reaches 15–17% in several years; in Los Ange-
les and San Diego, the fraction of crime guns previ-
ously stolen ranges from 5% to 10% during all years of
data. The firearms that are recovered in a city may have
been originally stolen and reported in a different city.
For example, we find firearms reported stolen in Chula
Vista are more likely to be recovered in San Diego;
firearms reported stolen in Irvine are more likely to be
recovered in LosAngeles (see Supplement Fig. 9). This
suggests a flow of stolen firearms from some suburbs
to proximal cities.

Finally, we find a significant fraction of firearms
reported stolen never appear to be used in crime.
Statewide, among firearms reported stolen, the chance
of recoverywithin a year ranges from 5% in 2010 to 8%

in 2021 (see SupplementTable 2).Among those that are
recovered, recovery occurs fairly soon after the theft:
the median time between theft and recovery is less than
1 year (257 days). The cumulative recovery rate over
our study period is only 15%. Thus, if a stolen firearm
is not recovered within the first few years, it appears to
be unlikely that it will ever be recovered. What frac-
tion of the remaining 85% of stolen guns are used in
crimes that simply go undetected is unknown. What is
clear from our data is that once a firearm is stolen, it
does not appear to re-enter legal circulation in the state:
among stolen guns, only 1.3% had subsequent records
of transaction in DROS.

6 Retail Dealers as a Source of Crime Guns

Another potential source of crimeguns arefirearmdeal-
ers that either knowingly or through negligence sup-
ply firearms to traffickers, straw purchasers, or pro-
hibited individuals. Survey and interview research has
documented the willingness of some licensed dealers
to provide criminals with firearms [29]. Studies using
ATF trace data have also documented that a small frac-
tion of retailers sell the vast majority of firearms later
recovered by law enforcement [30]. An early and often
cited finding from a 1998ATF study reported that 1.2%
of licensed dealers accounted for more than 57% of
the crime guns [31]. However, these statistics do not
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Fig. 6 Dealer Distribution of Sales and Crime Guns
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account for retailer sales volume [32,33]. Nonetheless,
research has shown several retailer level risk-factors for
crime gun sales, suggesting that the number of traced
handguns sales is not simply a function of the num-
ber of total sales [32]. These predictors included dealer
licensure as a pawnbroker and the percentage of sales
that were denied following a background check [32].

In our data, without controlling for sales volume,
we find 10% of FFLs account for 95% of crime guns;
15% of FFLs account for 98% of crime guns (Fig. 6,

left panel). However, after scaling by dealer contribu-
tion to total sales volume (right panel), we find some
disproportionate crime gun sales, but the concentration
is much less stark. Adjusting for sales volume, approx-
imately 12.5% of dealers account for close to 25% of
crime guns. Among dealers with the most crime gun
sales (top decile), an average of 2.4% (SD=2.9%) of
sales are of firearms subsequently recovered in crime;
among the bottom decile, none of their sales are crime
guns.

Fig. 7 Trends in Dealer Distribution of Sales and Crime Guns: 2010–2012 and 2019–2021
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Over the last 15–20 years, CADOJ has made efforts
to shut down problematic dealers, and there is some
evidence that there are fewer “dirty” dealers now than
at the start of the study period. Figure7 again shows
the cumulative proportion of handgun transactionswith
dealers ranked from left to right by their contribution to
crime gun sales, here focusing on crime guns recovered
within 1 year of transaction. Thefirst twopanels present
2010–2011 sales and 2011–2012 recoveries; the third
and fourth panel show sales in 2019–2020 and 2020–
2021 recoveries. In 2010, 25% of retailers accounted
for half of crime guns recovered within a year, and
roughly 65% of dealers accounted for all crime guns
recovered within a year. By 2019, 25% of dealers
accounted for only 35% of crime guns recovered in
the year, and more than 85% of dealers accounted for
all crime guns recovered within a year. Sales in 2020
suggest a slight increase in the number and concentra-
tion of problematic retailers but still less than a decade
prior.

Irrespective of the number of potentially problem-
atic dealers, we generally find the same risk and protec-
tive factors among dealers that have been documented
in prior research, supporting the hypothesis that there
are some dealers that attract higher risk buyers [32].
Our data suggest dealers that have a larger share of
denials among their total transactions are also more
likely to sell firearms that are subsequently recovered
in crime and, among crime guns, to sell firearms with a
shorter TTC. Prospective firearm purchasers are denied
purchase most often because of a previous prohibit-
ing criminal offense; a larger share of denials is thus
thought to reflect a larger purchaser base that is at
increased risk of engaging in crime [32,34]. Among
the top decile of retailers with the highest percentage
of denials out of total sales, an average of 24% of their
transactions (SD=34%) are denials. A simple logistic
regression of the dealer’s denial rate on the proportion
of their sales that are crime guns indicates a statistically
significant relationship (OR=1.14, 95%CI[1.13,1.15]).
Likewise, a linear regression of dealer denial rate on
TTC also suggests a statistically significant relation-
ship: a 1% increase in the denial rate is associated with
a 3.9 day reduction in mean TTC (95% CI[1.55,6.20]).

Our data are also largely consistent with previous
research that has found pawnbrokers have higher rates
of crime gun sales [32]. We examine the relationship
between the proportion of a retailers’ transactions that
are pawn transactions and crime gun recovery and

TTC (among crime guns). Running a generalized lin-
ear model with three categories of retailers—those that
have no pawn sales (approximately 61% of the approx-
imately 1,380 FFLs active in a given year), thosewhose
pawn sales volume is less than 50% of their total sales
(approximately 37%of FFLs), and thosewhose firearm
transactions consist of more than 50% pawn transac-
tions (approximately 2.4%) of FFLs—we find dealers
who do not engage in pawning are less likely to sell
crime guns (OR=0.643, 95% CI[0.598,0.689]). How-
ever, we find that among the relatively few retailers for
whom the bulk of their firearm transaction business is
pawning, they are actually less likely to sell crime guns.
This may be explained by generally low sales volume.
Previous research has documented lower volume deal-
ers to be linked to lower rates of crime gun recovery [9]
and we find FFLs whose retail activity consists of more
than half pawn transactions, sell, on average, fewer than
35 firearms a year and put up for pawn close to 700 per
year. Those with some but less than 50% pawn trans-
actions sell an average of 213,000 firearms per year
(approximately 406 firearms per dealer). We find no
statistically significant relationship between pawn sales
and TTC.

7 Discussion

Other than at the local level, there are few systematic
data on crime-involved guns and their movement from
on-the-books sales to criminal end user. This is the first
study to analyze California’s statewide compilation of
crime gun and stolen gun data. We document a signifi-
cant rise in crime gun recoveries within a short period
of time following legal purchase, which we see at both
the state and local level. These trends correspond with
rising legal handgun purchasing over the decade, sup-
porting evidence that the prevalence of legal acquisition
and ownership impacts the ease with which criminals
can acquire firearms [24]. We also document the rise
of PMFs across the state, though note substantial varia-
tion across cities in their prevalence. This variationmay
relate to differences in access to legal firearms across
place. For example, the prevalence of PMFs is partic-
ularly high in San Francisco, a city in which the sale,
distribution, and transfer of firearms and ammunition
is prohibited. Notably, we also find that theft has been
higher in San Francisco relative to many other cities,
though declining over the last five years.
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Overall, we find theft plays some role in directly
arming criminals (6–8% of recovered crime guns had
previously been reported stolen). The role of theft may
be diminishing as individuals seeking firearms for ille-
gal use may be less likely to resort to theft as PMFs
have become more readily available. In 2022, Califor-
nia passed comprehensive legislation to regulate the
ghost gun industry and ensure that the sale and man-
ufacture of firearm precursor parts are subject to the
same laws and regulations as fully assembled firearms
[35]. It will be important to track the impact of these
laws on the prevalence of PMFs recovered in crime.

We find evidence that some retailers contribute dis-
proportionately to the supply of crime guns, though
much less dramatically than statistics often cited would
suggest. The data indicate that there may be somewhat
fewer problematic dealers now than therewere a decade
ago. Conversations with CADOJ suggest that this may
be the result of their efforts to shut down “dirty deal-
ers.” A statewide dealer regulation was also passed in
2013, requiring all persons engaged in the business of
selling firearms possess a state Certificate of Eligibility
and be named on the state’s Centralized List of firearms
retailers [36].

Even with fewer problematic dealers, the same risk
factors persist: denials in particular are an indicator
of a riskier retailer. Retailers’ denial percentage could
provide a useful measure to prompt further investiga-
tion by law enforcement [32], and, insofar as this could
aid efforts to disrupt the illegal supply of firearms,
it highlights the utility of recording and maintaining
the kind of detailed data on firearm transactions that
is done in California. Data on sale denials is only
possible in states that serve as the “point of con-
tact” (POC)—i.e., states that have their own designated
agencies to conduct background checks using state, as
well as federal, records and databases. Currently, there
are 13 POC states: California, Colorado, Connecticut,
Florida, Hawaii, Illinois, Nevada, New Jersey, Oregon,
Pennsylvania, Tennessee, Utah, and Virginia [37].

There are several limitations of this study to note.
Even though reporting all recovered guns is mandatory
under California state law, there is likelymissingness in
reporting. The number of annual crime gun reports are
approximately 90% the number reported byATF for the
state of California, which suggests that most, but not
all, gun trace requests received by ATF were submitted
directly by law enforcement agencies through ATF’s
E-trace portal to the CADOJ. However, this approxi-

mately 90%may not be consistent across jurisdictions.
We know based on ATF trace data reported in recent
research in Oakland, California [19], for example, that
for this city we are missing a large fraction of ATF
traces. Our further analyses of missingness (Supple-
ment Section1 suggests meaningful missingness from
any single jurisdiction comprises less than 5% of total
crime gun reports, and sensitivity analyses excluding
these jurisdictions do not change any of our basic find-
ings. Another limitation is that, given Tiahrt Amend-
ment prohibitions, we do not have access to ATF trace
results, so our records do not include source states for
out-of-state purchases or out-of-state recoveries. This
is necessarily a within-state study. While a limitation,
themajority of crime guns recovered in California have
an in-state sale, and we are able to estimate the frac-
tion of out-of-state recoveries using aggregateATFdata
[38]. Finally, as is always an issue with even complete
ATF crime gun trace reports, trace requests may not
represent all firearms recovered by law enforcement
or be representative of firearms possessed and used by
criminals [39]. Nonetheless, the general trends are still
informative.

Acknowledgements This research was funded by the National
Collaborative on Gun Violence Research (NCGVR). The views
expressed are those of the authors’ and do not necessarily reflect
those of NCGVR.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

1. Miller C. Lawyers, guns, and money: why the Tiahrt
Amendment’s ban on the admissibility of ATF trace data in
state court actions violations the Commerce Clause and the
Tenth Amendment. Utah L Rev. 2010;p. 665.

2. Webster DW, Vernick JS, Bulzacchelli MT, Vittes KA.
Temporal association between federal gun laws and the
diversion of guns to criminals in Milwaukee. J Urban
Health. 2012;89(1):87–97.

123

889

http://creativecommons.org/licenses/by/4.0/


H. S. Laqueur

3. California Code, Penal Code - PEN §1108.2 [Statute].
Available from: https://codes.findlaw.com/ca/penal-code/
pen-sect-11108-2/. Accessed March 2023

4. California code, penal code - PEN §11108.3 [Statute].
Available from: https://codes.findlaw.com/ca/penal-code/
pen-sect-11108-3/. Accessed March 2023

5. National firearms commerce and trafficking assessment
(NFCTA): firearms in commerce - volume two. Part V,
Firearm Thefts. Available from: https://www.atf.gov/
firearms/docs/report/nfcta-volume-ii-part-v-firearm-thefts/
download. Accessed March 2023

6. California Code, Pedal Code - PEN §25250. https://
www.lawserver.com/law/state/california/codes/california_
penal_code_25250. Accessed March 2023

7. Webster DW, Wintemute GJ. Effects of policies designed to
keep firearms from high-risk individuals [Journal Article].
Annu Rev Public Health. 2015;36:21–37.

8. Cook PJ, Braga AA. Comprehensive firearms tracing:
strategic and investigative uses of new data on firearms
markets. Ariz L Rev. 2001;43:277.

9. Koper CS. Federal legislation and gun markets: how much
have recent reforms of the federal firearms licensing system
reduced criminal gun suppliers? Criminology & Public
Policy. 2002;1(2):151–78.

10. Pierce GL, Braga A, Wintemute G, Dolliver M. New
approaches to understanding and regulating primary and
secondary illegal firearms. Washington, DC: National
Institute of Justice. 2012.

11. Kahane LH. State gun laws and the movement of crime
guns between states. Int Rev Law Econ. 2020;61:105871.

12. NICS Firearm Background Checks. https://www.fbi.gov/
file-repository/nics_firearm_checks_-_month_year.pdf.
Accessed March 2023

13. National firearms commerce and trafficking assessment
(NFCTA): firearms in commerce - volume two. Part III,
Crime Guns Recovered and TracedWithin the United States
and Its Territories. Available from: https://www.atf.gov/
firearms/docs/report/nfcta-volume-ii-part-iii-crime-guns-re
covered-and-traced-us/download. Accessed March 2023

14. Kim DY, Phillips SW. When COVID-19 and guns meet: a
rise in shootings. J Crim Just. 2021;73:101783.

15. Schleimer JP, McCort CD, Shev AB, Pear VA, Tomsich E,
De Biasi A, et al. Firearm purchasing and firearm violence
during the coronavirus pandemic in the United States: a
cross-sectional study. Inj Epidemiol. 2021;8:1–10.

16. Simon TR. Notes from the Field: Increases in Firearm
Homicide and Suicide Rates–United States, 2020–2021.
MMWRMorbidity and Mortality Weekly Report. 2022;71.

17. Mascia J. It’s official: gun deaths hit an all-time high in
2020. The Trace Retrieved May. 2022;12:2022.

18. Lofstrom M, Martin B. Crime Trends in California. Public
Policy Institute of California San Francisco, CA October.
2022.

19. Braga AA, Barao LM, Wintemute GJ, Valle S, Valente
J. Privately manufactured firearms, newly purchased
firearms, and the rise of urban gun violence. Prev Med.
2022;165:107231.

20. California code, penal code - PEN §29180. Available from:
https://codes.findlaw.com/ca/penal-code/pen-sect-29180.
html. Accessed March 2023

21. Legal requirements for self-made firearms. Available from:
https://oag.ca.gov/system/files/attachments/press-docs/
consumer-alert.pdf. Accessed March 2023

22. Bureau of Alcohol, Tobacco, Firearms and Explosives
Resource Center. Available from: https://www.atf.gov/
resource-center. Accessed March 2023

23. Knight B. State gun policy and cross-state externalities:
Evidence from crime gun tracing. Am Econ J Econ Pol.
2013;5(4):200–29

24. Cook PJ. Gun markets. Annual Review of Criminology.
2018;1:359–77.

25. Alper M, Glaze L. Source and use of firearms involved in
crimes: Survey of prison inmates, 2016. US Department
of Justice, Office of Justice Programs: Bureau of Justice;
2019.

26. Statutes, codes, and regulations, Section 25250 - Report
of loss or theft of firearm. Available from: https://casetext.
com/statute/california-codes/california-penal-code/part-6-c
ontrol-of-deadly-weapons/title-4-firearms/division-45-lost-
or-stolen-firearms/section-25250-report-of-loss-or-theft-of
-firearm. Accessed March 2023

27. Bird M, Gill O, Lacoe J, Pickard M, Raphael S. Crime in
California during the COVID-19 Pandemic. 2021.

28. Donohue JJ, Cai SV, Bondy MV, Cook PJ. More guns,
more unintended consequences: the effects of right-to-carry
on criminal behavior and policing in US cities. National
Bureau of Economic Research; 2022.

29. Wintemute G. Firearm retailers’ willingness to participate
in an illegal gun purchase. J Urban Health. 2010;87(5):865-
878.

30. Pierce GL, Braga AA, Hayatt RR Jr, Koper CS. Char-
acteristics and dynamics of illegal firearms markets:
implications for a supply-side enforcement strategy. Justice
Q. 2004;21(2):391–422.

31. United States. Bureau of Alcohol, Tobacco, Firearms. Com-
merce in Firearms in the United States. The Bureau; 2000.

32. Wintemute GJ, Cook PJ, Wright MA. Risk factors among
handgun retailers for frequent and disproportionate sales of
guns used in violent and firearm related crimes. Inj Prev.
2005;11(6):357–63.

33. Wintemute GJ. Disproportionate sales of crime guns
among licensed handgun retailers in the United States: a
case-control study. Inj Prev. 2009;15(5):291–9.

34. Wright MA, Wintemute GJ, Webster DW. Factors affecting
a recently purchased handgun’s risk for use in crime under
circumstances that suggest gun trafficking. J Urban Health.
2010;87:352–64.

35. Giffords Law Center. Available from: https://giffords.org/
lawcenter/state-laws/ghost-guns-in-california/#footnote_
0_16275.

36. State of California Department of Justice. Available
from: https://oag.ca.gov/firearms/cert-eligibility. Accessed
March 2023

123

890

https://codes.findlaw.com/ca/penal-code/pen-sect-11108-2/
https://codes.findlaw.com/ca/penal-code/pen-sect-11108-2/
https://codes.findlaw.com/ca/penal-code/pen-sect-11108-3/
https://codes.findlaw.com/ca/penal-code/pen-sect-11108-3/
https://www.atf.gov/firearms/docs/report/nfcta-volume-ii-part-v-firearm-thefts/download
https://www.atf.gov/firearms/docs/report/nfcta-volume-ii-part-v-firearm-thefts/download
https://www.atf.gov/firearms/docs/report/nfcta-volume-ii-part-v-firearm-thefts/download
https://www.lawserver.com/law/state/california/codes/california_penal_code_25250
https://www.lawserver.com/law/state/california/codes/california_penal_code_25250
https://www.lawserver.com/law/state/california/codes/california_penal_code_25250
https://www.fbi.gov/file-repository/nics_firearm_checks_-_month_year.pdf
https://www.fbi.gov/file-repository/nics_firearm_checks_-_month_year.pdf
https://www.atf.gov/firearms/docs/report/nfcta-volume-ii-part-iii-crime-guns-recovered-and-traced-us/download
https://www.atf.gov/firearms/docs/report/nfcta-volume-ii-part-iii-crime-guns-recovered-and-traced-us/download
https://www.atf.gov/firearms/docs/report/nfcta-volume-ii-part-iii-crime-guns-recovered-and-traced-us/download
https://codes.findlaw.com/ca/penal-code/pen-sect-29180.html
https://codes.findlaw.com/ca/penal-code/pen-sect-29180.html
https://oag.ca.gov/system/files/attachments/press-docs/consumer-alert.pdf
https://oag.ca.gov/system/files/attachments/press-docs/consumer-alert.pdf
https://www.atf.gov/resource-center
https://www.atf.gov/resource-center
https://casetext.com/statute/california-codes/california-penal-code/part-6-control-of-deadly-weapons/title-4-firearms/division-45-lost-or-stolen-firearms/section-25250-report-of-loss-or-theft-of-firearm
https://casetext.com/statute/california-codes/california-penal-code/part-6-control-of-deadly-weapons/title-4-firearms/division-45-lost-or-stolen-firearms/section-25250-report-of-loss-or-theft-of-firearm
https://casetext.com/statute/california-codes/california-penal-code/part-6-control-of-deadly-weapons/title-4-firearms/division-45-lost-or-stolen-firearms/section-25250-report-of-loss-or-theft-of-firearm
https://casetext.com/statute/california-codes/california-penal-code/part-6-control-of-deadly-weapons/title-4-firearms/division-45-lost-or-stolen-firearms/section-25250-report-of-loss-or-theft-of-firearm
https://casetext.com/statute/california-codes/california-penal-code/part-6-control-of-deadly-weapons/title-4-firearms/division-45-lost-or-stolen-firearms/section-25250-report-of-loss-or-theft-of-firearm
https://giffords.org/lawcenter/state-laws/ghost-guns-in-california/#footnote_0_16275
https://giffords.org/lawcenter/state-laws/ghost-guns-in-california/#footnote_0_16275
https://giffords.org/lawcenter/state-laws/ghost-guns-in-california/#footnote_0_16275
https://oag.ca.gov/firearms/cert-eligibility


Trends and Sources of Crime Guns in California...

37. Wintemute GJ, Romero MP, Wright MA, Grassel KM.
The life cycle of crime guns: a description based on guns
recovered from young people in California. Ann Emerg
Med. 2004;43(6):733–42. Accessed March 2023

38. Wintemute GJ, Romero MP, Wright MA, Grassel KM.
The life cycle of crime guns: a description based on guns
recovered from young people in California [Journal Arti-
cle]. Ann Emerg Med. 2004;43(6):733–42. Accessed March
2023

39. Braga AA, Wintemute GJ, Pierce GL, Cook PJ, Ridgeway
G. Interpreting the empirical evidence on illegal gun market
dynamics. J Urban Health. 2012;89(5):779–93.

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional affil-
iations.

123

891


	Trends and Sources of Crime Guns in California: 2010–2021
	Abstract
	1 Introduction
	2 Data
	3 Trends in Crime Gun Recoveries and Time-to-Crime
	4 The Rise of Ghost Guns
	5 Stolen Guns and Crime Gun Recoveries
	6 Retail Dealers as a Source of Crime Guns
	7 Discussion
	Acknowledgements
	References




