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Abstract

Gun violence is a major problem in the United States, imposing social costs. How-

ever, evaluating the effects of gun regulations on violent crimes poses significant em-

pirical challenges. Here we propose a new approach to identify the effects of gun

regulations on the types of violent crimes that are affected by temperature. We ar-

gue that such crimes are representative of violent crimes of opportunity or passion –

an important subset of all violent crime. We exploit the well-established relationship

between temperature and violent crime to understand the degree to which gun control

laws exacerbate or mitigate temperature-induced effects on homicide and aggravated

assault, holding fixed local preferences for guns and gun control. Using 25 years of

daily violent crime reports we find that, within a jurisdiction-month, higher daily tem-

peratures are associated with an increase in the number of homicides and assaults and

that more-prohibitive gun laws that restrict residents from carrying concealed firearms

dampen the temperature–homicide relationship. Our main estimate suggests that the

temperature–homicide relationship is 1.5 times larger in states with lenient gun laws

compared to states with strict gun laws. Collectively, our results suggest that greater

legal access to guns increases the likelihood that lethal confrontations occur.
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1 Introduction

Gun violence imposes significant costs on society. Of these costs, loss of life is by far the

largest. This is a particular problem in the United States, where gun violence is the leading

cause of death for Black Americans aged 13-44 (CDC, 2019). Restrictions on who is able

to purchase and carry firearms are typically proposed as a way to reduce gun violence.

But whether such restrictions increase or decrease crime is theoretically ambiguous, since

guns can deter violent crime as well as enable it. The empirical literature on which effect

dominates is contentious and inconclusive.

A primary challenge in studying the effects of these regulations is that changes in the law

are highly correlated with changes in public opinion and preferences for guns. Consequently,

empirical work that measures the effects of policy changes – the standard approach to date

– faces the challenge of disentangling the effects of gun laws from the effects of preferences.

Achieving this task is arguably impossible given the role that changes in local preferences

play in driving law changes.

In this paper, we propose a new approach to evaluating the effects of gun restrictions

on gun violence that does not rely on the timing of law changes and so holds policy and

gun preferences constant. We exploit a causal relationship established in the environmental

economics, physiology, and psychology literatures: higher temperatures cause increases in

violent behavior. This relationship arises due to both physiological and psychological effects

of heat on aggression (Anderson, 2001; Groves and Anderson, 2016) and an increased propen-

sity for social interaction when it is warmer outside (Jacob, Lefgren and Moretti, 2007). We

use within-county-month variation in daily temperature as exogenous shocks to violence.

Combined with state-by-month variation in gun laws we then test whether the effects of

the resulting shocks to violent behavior vary across places with different policy regimes,

focusing on variation in concealed-carry laws. Specifically, we examine whether strict gun

laws mitigate or exacerbate temperature-induced changes in violent crime, effectively holding

gun-related preferences constant across the changes in temperature.

Across datasets we find consistent evidence that gun laws that limit residents’ rights to

carry firearms mitigate the effect of temperature spikes on violence. In places with strict gun

laws, a one-degree Celsius increase in daily average temperature is associated with a 0.388%

increase in homicides. By contrast, in places with more lenient gun laws, a one degree

increase in daily average temperature is associated with a 0.957% increase in homicides; the

difference is statistically significant. In other words, higher temperatures increase homicides

more in places with lenient gun laws than in places with strict gun laws. This differential

effect is consistent across seasons and climates, and robust to confounding interpretations.
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With 15,472 homicides in the United States in 2016 (UCR), our estimates imply that a one

degree Celsius increase in daily average temperature would result in 60 additional homicides

per year if more-prohibitive gun laws were in effect nationwide, while the same temperature

increase would result in 148 additional homicides if less-prohibitive gun laws were in effect

instead.

By contrast, we find small and statistically insignificant effects of gun laws on the number

of aggravated assaults, implying that the primary effect of these laws on violent crime is the

increase in homicide. This is consistent with the hypothesis that increasing access to guns

makes confrontations more deadly.

Finally, we use our approach to measure the effects of other policies on violent crime.

Given the political difficulty of strengthening concealed-carry laws, we are interested in

whether any other policies could have similar mitigating effects on the temperature–violence

relationship. We consider Stand-Your-Ground laws, background checks for firearms pur-

chases, and waiting periods for handgun purchases. We find that only background checks

have a mitigating effect (in line with the hypothesis that they provide a cooling-off period

that reduces impulsive access to guns), though the estimated effect is much smaller than the

effect of concealed-carry laws, and statistically insignificant.

To interpret our estimates as the causal effect of gun laws, we assume that people’s

behavioral response to temperature (that is, any effect of temperature on their propensity to

carry a gun or engage in violence) does not vary systematically with gun policies. In other

words, we assume that there are no other factors correlated with gun control policies that also

moderate the temperature–violent crime relationship.We conduct several robustness checks

in support of this assumption, finding that our estimates are not driven by differences in

climate or cultural norms (such as the “culture of honor” in the southern United States) or

the availability of air conditioning. While it is impossible to definitively rule out a violation

of our identifying assumption, we think it is substantially more credible than the assumption,

standard in the previous literature, that changes in gun policies are unrelated to changes in

gun preferences.

A caveat for our approach is that our estimates only capture the effects of gun laws on

the types of violent behavior that are affected by temperature. This should include crimes

of opportunity and passion (e.g., bar fights, domestic violence, confrontations between rival

gang members in the street, and many other interpersonal conflicts that depend on the

timing and circumstances of the encounters) as well as in-the-moment defensive actions by

would-be victims (i.e., the use of a gun in self-defense). Our estimates do not capture the

effect of gun laws on premeditated crimes, or any premeditated defensive actions to such

crimes.
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We think this limitation is relatively minor. Would-be perpetrators of premeditated

crimes have time to get around gun laws and obtain a weapon if they wanted one. We argue

that our estimates capture the effect of such laws in a context where they are most likely to

have a binding effect, that is, on crimes of passion and opportunity. If gun laws also affect

premeditated gun violence, then our estimates will not capture those effects.

We make three contributions. First, we contribute to the literature seeking to understand

the causal effect of gun regulations on violent crime. Identifying this effect has been plagued

by the challenge of disentangling the effects of gun laws from the effects of gun preferences.

We present a new approach to identifying the effects of gun laws, holding fixed local pref-

erences for guns and gun laws. In principle, this approach could be used to measure the

effects of other crime-reduction policies where violent crimes of opportunity or passion are a

primary target. With this in mind, our second contribution is an evaluation of the efficacy

of right-to-carry laws compared with other policies in reducing violent crimes, using the

same empirical framework. Finally, we contribute to a nascent literature seeking to under-

stand the role that the economic and policy environment plays in translating environmental

shocks into marginal economic damages (Colmer, 2019; Colmer et al., 2019; Garg, McCord

and Monftfort, 2019; Mullins and White, 2019).

The paper proceeds as follows: Section 2 summarizes the policy context and related

literature on gun laws. Section 3 describes our empirical strategy. Section 4 describes our

data. Section 5 presents our results. Section 6 considers the effects of other policies, including

other types of gun regulations. Section 7 discusses those results and concludes.

2 Background and Related Literature

There is a lengthy and contentious literature on the effects of gun laws on gun violence.

Related studies consider the empirical question of whether reducing restrictions on gun

ownership and use increases or decreases crime. We might expect an increase in crime if

increasing access to guns increases the likelihood that someone commits a crime using that

gun (e.g., homicide or robbery), or commits a crime in order to obtain a gun (e.g., burglary

or theft). In the first set of crimes, the gun is a tool that enables criminal activity because

it threatens someone’s life. For example, fear of injury or death might lead someone to

hand over their possessions in the case of a robbery or carjacking. A gun can also allow

violent encounters to escalate; for instance, an assault that might have resulted in non-life-

threatening injuries might result in death if one of the parties has a gun and uses it. On

the other hand, easier access to guns might reduce crime if would-be offenders fear that a

potential victim is armed and will defend themselves. In this way, widespread gun ownership
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might deter crime. If an offender is not deterred by the possibility of a gun, he or she might

be scared off or detained until the police arrive if a victim pulls out a gun during the course

of a robbery, assault, or other offense. Both effects of easing access to guns are plausible, and

economic theory alone does not tell us which effect dominates in practice. In addition, easing

legal restrictions on gun possession or use may have little effect on actual gun possession or

use if demand for guns is relatively inelastic or if laws were not strictly enforced. The net

effect of gun laws on crime is therefore an empirical question.

The literature on this issue is contentious in part because of the politically sensitive

nature of the topic. This makes research more difficult. Gun laws are not the types of

policy change that slip through a legislature unnoticed; because this issue is so politically

charged, any changes in gun-related policies are highly tethered to changes in public opinion.

This makes it difficult to be confident that any empirical estimates are isolating the effect

of changes in gun laws from simultaneous changes in local preferences. To make matters

worse, increasing restrictions on guns often spurs spikes in gun purchases before the laws

take effect, and those spikes could themselves affect violent crime (see for example, Bice and

Hemley, 2002; Levine and McKnight, 2017; and Koenig and Schindler, 2018). Any effect of

gun laws may be confounded by simultaneous increases in local gun ownership, and because

detailed data on gun ownership are unavailable, pre-law changes in gun ownership can be

difficult to control for in practice.

Let us now briefly discuss previous research on the effects of gun policies. Most studies

focus on homicide as the primary outcome of interest for the same reason we do: there is less

measurement error in reporting for this type of crime, since while other crime types may go

unreported to police, the vast majority of homicides are reported.1 For a more comprehensive

review, see two recent studies: Wellford, Pepper and Petrie (2005), and Morral et al. (2018).

Both highlight the shortcomings of the existing literature.

The 1993 Brady Handgun Violence Prevention Act mandates background checks for all

federal firearm permits, but leaves regulation of private firearm sales to the states. State

policies vary considerably, both in terms of the regulation of private sales and the regulation

of the use of firearms (e.g. where gun owners can carry their guns).

Many studies consider the effects of Right-to-Carry (RTC) laws. These state-level laws

determine whether a permit is required – and who is eligible to get one – to carry a concealed

firearm on their person within the state. In some states the legal ability to carry a concealed

1Two exceptions are studies using gunshot sensor data on shootings: Carr and Doleac (2016), and Carr
and Doleac (2018). These data provide useful complements to homicide data since shootings occur much
more often, and the sensors reduce concerns about nonrandom reporting. However, the data are available
only in a limited number of cities. We will show that our results are qualitatively similar when using
ShotSpotter data on gunfire incidents.
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firearm is completely unrestricted; “shall issue” policies are slightly more restrictive, but

instruct government officials to provide permits to all eligible residents; “may issue” poli-

cies provide more discretion to local officials to decide who can receive a permit and thus

are considered substantially more restrictive in practice; finally, a state might prohibit any

resident from carrying a concealed firearm in public. Lott and Mustard (1997) and Moody

(2001) find that less prohibitive RTC laws reduce violent crime. Ludwig (1998) finds that

such laws increase adult homicide rates. Black and Nagin (1998) and Ayres and Donohue

(2003) find no effect of RTC laws on violent crime. Manski and Pepper (2018) demonstrate

that results can be sensitive to bounding exercises, and find suggestive evidence that effects

of RTC laws change over time (reducing crime in the 1990s but increasing it in the 2000s).

Using data through 2014, Donohue, Aneja and Weber (2019) find that less prohibitive RTC

laws increase violent crime. This is the literature to which our current study contributes

most directly.

Some papers focus on other types of gun restrictions: For instance, Marvell (2001) focuses

on banning juveniles from owning a gun. Such restrictions might be appealing if we think that

access to guns disproportionately increases juvenile crime (Mocan and Tekin, 2006). He finds

that banning juvenile gun possession has little to no impact on gun homicides and suicides.

A related study focuses on the effects of child-access-prevention laws, which hold gun owners

liable if children obtain their guns; this study finds that such laws increase perceived school

safety (Anderson and Sabia, 2018). Cheng and Hoekstra (2013) and McClellan and Tekin

(2017) consider the effects of stand-your-ground laws, which reduce restrictions on the use of

a gun to defend one’s home and property. Both papers find stand-your-ground laws lead to

a significant increase in homicides. Luca, Malhotra and Poliquin (2017) and Edwards et al.

(2018) test the effect of mandatory waiting periods on gun deaths. They find a reduction

in gun suicides robust to most specifications. Luca, Malhotra and Poliquin (2017) also find

a significant reduction in gun homicides. However, Edwards et al. (2018) find no significant

relationship between waiting periods and homicide. Duggan, Hjalmarsson and Jacob (2011)

consider the effects of gun shows – where gun sales are permitted (with limited oversight)

in some places and not others – on crime. They find that gun shows do not affect rates

of homicides or suicides. Lang (2013) and Williams (2018) consider the effect of requiring

background checks for private gun purchases, on gun deaths. With increased background

check rates, Lang (2013) finds a significant increase in gun-related suicides as well as a

positive but insignificant increase in overall suicide. Williams (2018) examined the effect of

Missouri’s repeal of a “permit-to-purchase” law on gun ownership and gun homicide. He

found that the repeal increased gun ownership and gun-related homicide, especially within

urban black communities. Raissian (2016) considered a 1996 federal law banning people
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convicted of misdemeanor domestic violence from obtaining a permit to own a gun. She

found that this policy change reduced homicide rates for female domestic violence victims

by 17%, and for male children who were victims of domestic violence by 31%. She also found

substantial spillover effects, with gun homicides among parents and siblings also falling.2

As is clear in this brief summary, the broader literature on the effects of gun regulations

and gun use – even beyond the basic RTC laws – does not always reach consistent conclusions.

Regardless, all studies of the effects of gun-related policies will be subject to our original

critique – that it is extremely difficult to isolate the effect of the policy changes from changes

in local preferences and priorities that could independently affect gun use. Our goal in the

current study is to contribute to this literature by estimating the causal effect of gun laws

based on different identification assumptions.

In addition to the literature on gun control and violent crime, a growing literature has

sought to understand the effects of environmental quality on violent behavior, with a focus on

temperature. A large set of studies have shown that higher temperatures are associated with

increased violence, conflict, crime, and suicide, both in developed and developing countries

(for recent reviews of the literature, see Hsiang, Burke and Miguel, 2013; Burke, Hsiang and

Miguel, 2015; and Carleton and Hsiang, 2016). In the United States, the focus of our study,

Ranson (2014) finds large effects of temperature across all crime categories, using a 30-year

panel of monthly data from the Uniform Crime Reports (UCR). Heilmann and Kahn (2019)

find that higher daily temperatures are associated with an increase in crime within Los

Angeles City. Furthermore, they find that policing activity declines on extremely hot days,

suggesting that higher temperatures could increase criminal activity through a reduction in

the likelihood of being caught.

Higher temperatures could affect criminal activity through a number of channels, in-

cluding the change in police behavior just described. Importantly, temperatures have been

shown to directly affect aggression (Anderson, 2001). In field, lab, and natural experiments

higher temperatures have been show to: increase horn honking when cars fail to pull away

at green lights (Kenrick and MacFarlane, 1986); increase tension, aggression, and negative

perceptions of offenders, during police fire arms training (Vrij, Van Der Steen and Koppelaar,

2In addition to this literature on the effects of gun regulations on crime and gun deaths, others focus
on intermediate segments of this causal relationship: For instance, Knight (2013) considers the effect of gun
regulations on gun ownership. Others avoid the topic of gun regulations and focus on the relationship between
gun ownership (the intermediate outcome that gun regulations hope to change) and crime. Such studies
include Cook (1983), Duggan (2001), Cook and Ludwig (2006), Levine and McKnight (2017), and Koenig
and Schindler (2018). These studies generally find that an increase in gun ownership increases homicide
rates and related outcomes such as accidental shooting deaths. Depew and Swensen (2018) consider how
crime and gun regulations interact, showing that applications for concealed-carry permits increase after local
crime events.
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1994); increase the likelihood that pitchers hit batters during baseball games when batters

“crowd the plate,” or if a teammate has been struck in a previous inning (Reifman, Larrick

and Fein, 1991; Larrick et al., 2011); and increase the likelihood of aggressive penalties in

NFL football games (Curtis et al., 2016).

Higher temperatures may also affect criminal behavior by increasing the likelihood of

people going outside, thereby y increasing the likelihood of social interaction, the availability

of potential victims, and the likelihood that an altercation arises (Jacob, Lefgren and Moretti,

2007).

We exploit the exogenous variation in violent behavior provided by daily variation in

temperature to shed light on the consequences of differential gun laws. Specifically, we

explore whether the temperature–violent crime relationship is exacerbated or mitigated in

states with greater legal access to guns. The following section explains our empirical strategy.

3 Empirical Strategy

Based on the existing literature, we expect that confrontations are more likely to occur and

escalate when it is warmer outside, providing within-place variation in violent behavior that

is unrelated to local gun laws. The outcome of any confrontations could then depend on

whether or not guns are available. We therefore use exogenous variation in the supply of

violence to understand the extent to which RTC laws mitigate or exacerbate the number

of violent crimes (homicides and aggravated assaults) committed. This avoids the problem

that changes in gun laws themselves might be confounded by changes in public sentiment or

local priorities; we identify our estimates off within-place changes in temperature, holding

gun laws (and associated preferences) constant.

Estimating Equations We begin by re-examining the relationship between temperature

and crime,

ypdmy = β1temperaturecdmy + γ1raincdmy + αpmy + δpd + εpdmy, (1)

where p denotes a place (ORI – reporting police jurisdiction – in most specifications, but

county in some robustness checks), c denotes a county, d denotes day of the year, m denotes

month of the year, and y denotes year.3 Temperature and other weather conditions are

mapped to the county level; counties typically encompass multiple ORIs.4 Equation 1 in-

3Our results are robust to weighting by population.
4We are unable to map weather directly to the ORI level due to the absence of systematic geographic

identifiers at this administrative level. The highest-resolution mapping between ORIs and US administrative
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cludes place-by-month-of-sample fixed effects (αpmy) to account for time-invariant character-

istics at the local level (average crime rate as well as cultural, historical, political, economic,

geographic, or institutional factors) and within-month shocks that are common across ev-

eryone within a place – such as changes in economic conditions and local policies, or a crime

event, such as a mass shooting. We also include place-by-day-of-year fixed effects (δpd) to

control for place-specific seasonality in crime and weather conditions. Finally, we control for

daily rainfall to account for the correlation between atmospheric parameters (Auffhammer

et al., 2013). The main parameter of interest in understanding the basic temperature–crime

relationship is β1.

Standard errors in Equation 1 are clustered at the county level as this is the level at

which our temperature data varies. This accounts for serial correlation within counties over

time. Results are also robust to clustering at the state level, or to applying the Conley (1999)

adjustment, accounting for spatial autocorrelation.

Our primary outcome of interest (homicide) is relatively rare, so there are many ORI-

month observations with zero crimes reported. To account for zero crime values we apply an

inverse hyperbolic sine (IHS) transformation to each crime count: asinh(ycdmy) = log(ycdmy+

(y2
cdmy +1)0.5). The IHS transformation is approximately equal to log(2ycsmt), except for very

small values, and so can be interpreted in the same way as a logarithmic transformation;

that is, as percent changes. However, unlike the logarithmic transformation, zero is defined.5

After documenting the relationship between temperature and criminal activity, which

provides an exogenous shift in the supply of violence, we seek to understand the degree to

which state-level RTC laws may have affected this relationship. We estimate the following

equation:

ypdmy = β1temperaturecdmy + β2temperaturecdmy × More-Prohibitedsmy (2)

+γ1raincdmy + αpmy + δpd + εpdmy,

where s refers to state, and other subscripts are as defined above. More-Prohibited is an

indicator for whether the ability to carry a concealed gun is unrestricted or subject to a shall-

issue permit policy; this is coded at the state-month level. For each month, the policy that

was in place for the greatest number of days is applied. The endogenous direct effect of gun

laws is thus absorbed by the ORI-by-sample-month fixed effect, which captures time-varying

local changes in policy and preferences; however, we are able to identify the interaction effect

levels is the county.
5An alternative solution, giving each observation with a zero crime observation a value of 1, is a common,

but more ad hoc, approach. Our results are robust to using either approach.
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of gun policies on the temperature–crime relationship.

Standard errors in Equation 2 are clustered at the state level as this is the level at which

the policy varies. This accounts for serial correlation over time within a state, as well as

spatial dependence across places within a state.

Identification Assumptions Our identification strategy relies on two key assumptions.

First, we assume that daily temperature realizations are uncorrelated with other factors

that also affect the likelihood of committing a violent crime. We believe this assumption is

plausible, conditional on location-specific fixed effects to control for equilibrium economic,

socio-demographic, and climatic factors as well as season fixed effects to control for seasonal

patterns that could be related to crime and temperature. Accounting for location-specific

seasonality and location-specific climate, day-to-day realizations of temperature are as good

as random.

Second, to identify the effects of gun laws it is critical that there are no other factors,

including gun preferences, that are correlated with the regulatory environment and also

differentially affect the relationship between temperature and crime. This assumption is

required to interpret the interaction term as a causal moderator, rather than reflecting sub-

group heterogeneity that could reflect a bundle of characteristics.

Note that this assumption does not require that the temperature–violent crime relation-

ship is constant across locations, but rather that other factors that moderate the temperature–

violent crime relationship are not correlated with gun control regulations.

In effect, standard omitted variable bias concerns are raised to the level of the interaction

term. As an illustration, consider the possibility that the temperature–homicide relationship

is larger in states with more lenient gun laws and that these states have systematically

hotter climates. If temperature has a larger effect on violent crime in hotter climates, then

the estimated differential effect between temperature and violent crime in less restrictive

states vs. more restrictive states would be exacerbated by this effect. If temperature has

a smaller effect on violent crime in hotter climates, then the estimated differential effect

between temperature and violent crime in less restrictive states vs. more restrictive states

would be attenuated by this effect. However, if – as we will show – climate does not moderate

the temperature–violent crime relationship, then the fact that states with more lenient gun

laws are also systematically hotter does not confound the moderating effect of gun laws on

the temperature–violent crime relationship.

It is necessary that any potential confounding factors differentially affect the temperature–

violent crime relationship. For example, one should not be concerned, unlike in the existing

literature, that differences in gun preferences drive our results. For this to be true it would
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have to be the case that people with stronger gun preferences are differentially more or less

likely to engage in violent behavior on a hot day vs. a cold day irrespective of whether the

regulatory environment is lenient or restrictive. We believe that this is unlikely.

If these assumptions hold then our estimate of the differential effect of gun laws on the

temperature–violent crime relationship is identified. Based on a rich set of robustness checks

below, we believe that these assumptions are plausible in this context.

4 Data

4.1 Violent crime

Our primary outcome measure is the number of nonnegligent homicides reported to police.

We focus on homicides because this crime type is the most consistently reported across

jurisdictions and time, and less subject to measurement error. A secondary crime outcome

measure of interest is the number of aggravated assaults reported to police. Such crimes

are less likely to be reported, conditional on occurring, but are also important outcomes

in this context, since an assault with a deadly weapon such as a gun would typically be

coded as an aggravated assault. We are interested in the effect of temperature and gun

laws on each crime type separately, but also whether violent conflicts appear to escalate or

deescalate (that is, whether a conflict changes from an aggravated assault to a homicide, or

vice versa) when gun laws are less restrictive. Our main data source is the FBI’s National

Incident-Based Reporting System (NIBRS); for robustness checks we also use data from the

FBI’s Uniform Crime Reporting Data System (UCR).

4.1.1 NIBRS

NIBRS provides rich data on an array of crimes reported to police departments across the

country, though fewer departments report to NIBRS than to UCR. NIBRS tends not to

include large cities, and places in the northeast and west are underrepresented. NIBRS

includes information on the hour and date of the offense, and incidents are associated with

a specific police department (ORI). We gather data on homicides and aggravated assaults,

and aggregate these data to the ORI-day level. This allows us to match it to daily average

temperatures.

We use NIBRS data from 1991 through 2016. This is an unbalanced panel, as departments

drop in and out of the sample over time; information on how we account for the changing

composition of the panel can be found in the sample restrictions section below.
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4.1.2 UCR

In several robustness checks, and for easier comparison with other studies on temperature

and crime, we use counts of homicide and aggravated assault based on UCR data. UCR

data provide the longest continuously-collected historical record of criminal activity in the

United States, dating back to the 1930s. The data consist of monthly reports of what are

known as Index I crimes from approximately 17,000 reporting agencies.6 UCR data are the

best available for a national study of crime. They provide counts of reported offenses, using

standardized crime definitions, from jurisdictions across the country. However, the data are

only available at the monthly level. This is less than ideal for our study because we want to

match crimes with local temperatures that fluctuate on a daily basis.

We aggregate these data to the ORI-month level for our analysis, using years 1970 to

2016. As with NIBRS, UCR is an unbalanced panel and so we account for the changing

composition of reporting agencies that are included.

Sample Restrictions The primary challenge associated with using NIBRS and UCR data

is that the number of reporting agencies varies over time. To account for this, we will

construct panels that are balanced at the year level, and exploit within-year variation to

identify our estimates.

To do this we drop observations for any reporting agency that did not report 12 months of

data for that year. This includes agencies that only report on a quarterly, bi-annual, or annual

basis, since we cannot be sure how crimes were allocated across the months. Since zeros are

often recorded for all crime types when an agency did not report to UCR, we consider any

month during which an agency reported zero total crimes to be a missing observation. After

eliminating years during which there were any missing monthly observations, we then sum

the total number of reported crimes from remaining agencies to produce a total for each ORI-

day (NIBRS) or ORI-month (UCR). To account for changing number of reporting agencies

across years within the sample, we include ORI-year fixed effects.

4.2 Weather Data

Data on weather, updated from Schlenker and Roberts (2009), comes from the PRISM

Climate Group. This data provides daily minimum and maximum temperature as well as

total precipitation on a 2.5 × 2.5 mile grid for the contiguous United States between 1950

and 2017. Using this data we calculate the daily average temperature and total precipitation

6Index I crimes include violent crimes (homicide, sexual assault, robbery, aggravated assault) and prop-
erty crimes (burglary, larceny, motor vehicle theft).
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for each county-by-day (NIBRS) or county-by-month (UCR) observation. We then match

counties to ORIs; counties typically encompass multiple ORIs.

4.3 Policy Data

We code RTC laws at the state-month level, considering a place treated by a particular

policy if it was in effect in that state for the majority of a given month.7 We code concealed-

carry gun laws into four categories: unrestricted, shall-issue, may-issue, and prohibited. To

improve statistical power, we aggregate the first two types of laws into a “less prohibited”

category, with the third and fourth types making up a “more prohibited” category.

As shown in Figure 1, there has been a gradual movement from more prohibitive laws to

less prohibitive laws over the period of interest.

4.4 Analysis Sample

Using NIBRS data, our final combined dataset includes 8,728 ORIs from 1991–2016, provid-

ing 15,183,864 unique ORI-by-day observations. Using UCR data from 1970–2016, our final

dataset includes 15,688 ORIs, with 4,892,616 unique ORI-by-month observations. Table 1

presents summary statistics.

5 Results

In the tables referred to below, we have scaled the coefficients such that all can be interpreted

directly as the percent change in the outcome (that is, they have already been multiplied by

100). Given the inverse hyperbolic sine transformation we also apply the following adjust-

ment to the estimated coefficients, β ·
√

1 + 1
ȳ2

. This is an important adjustment given the

large number of zeros, resulting in a low dependent variable mean.

5.1 The Temperature–Violent Crime Relationship

Table 2 documents the effects of temperature on homicides (Panel A) and aggravated assaults

(Panel B). Across all specifications we estimate a highly significant positive relationship be-

tween temperature and homicide. Column (1) uses NIBRS data from 1991–2016, controlling

for ORI-by-day-of-year fixed effects to account for local seasonal effects on crime, and ORI-

by-month-of-sample fixed effects to account, flexibly, for changes in violent crime over time.

7We are grateful to Christopher Poliquin, Michael Luca, and Deepak Malhotra for sharing this data with
us.
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This is our most conservative specification and the one we use for our preferred policy es-

timates below. The coefficient implies that a one-degree Celsius increase in daily average

temperature results in a 0.812% increase in the number of homicides. This effect is substan-

tial. In 2016 there were 15,472 homicides in the United States (UCR). Our estimates imply

that a one degree Celsius increase in daily average temperature across the country would

result in 126 additional homicides per year.

The remaining columns show how our estimate changes as we go from daily NIBRS data to

the monthly UCR data, more commonly used in the temperature–crime literature. Column

(2) uses the same sample as column (1) but controls for ORI-by-year fixed effects instead

of ORI-by-month-of-sample fixed effects. This less flexible control for time has little impact

on the estimated temperature–homicide relationship, resulting in a coefficient estimate of

0.783. As an intermediate step to the UCR data, column (3) switches from ORI-by-day-of-

year fixed effects to ORI-by-month-of-year fixed effects as our seasonal controls, which will

be necessary in column (4). This change has a negligible effect on the estimate.

Column (4) switches to UCR data, which are available at the ORI-month level instead

of the ORI-day level. For consistency with the previous columns, this column restricts the

sample to the years and agencies for which we also have NIBRS data. Aggregating to the

month level results in more than a 50% reduction in our estimate: we now find that a one

degree Celsius increase in monthly average temperature results in a 0.336% increase in the

number of homicides. This attenuation likely stems from increased measurement error in

temperature exposure, due to the less precise mapping between temperature exposure and

crime. However, the monthly data may also internalize displacement effects that are not

captured at the daily level (Jacob, Lefgren and Moretti, 2007).8

Column (5) expands the sample from the limited set of agencies that report to NIBRS to

the full set that report to UCR. The main benefit of using UCR data is the broader sample.

UCR data provide a more representative sample of places across the United States. When we

use this broader sample, our estimated coefficient increases, but only slightly. A one degree

increase in monthly average temperature is associated with a 0.359% increase in homicides.

This suggests that temperature does not differentially affect violent behavior in the places

covered by UCR that were not in NIBRS (particularly large cities).

Column (6) further expands the sample to include more years. NIBRS data are only

available for more recent years; that sample is limited to 1991–2016. When we use UCR

data from 1970–2016, our estimated coefficient is attenuated – a one degree increase in

8Note that the presence of displacement effects are not relevant to our objective, which is to understand
the moderating effect of RTC laws on the temperature–violent crime relationship, rather than the overall
effect of temperature on crime.
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monthly average temperature is associated with a 0.251% increase in homicides. This may

be due to lower data quality in the earlier years of the UCR.

In Panel B of table 2, we estimate a positive and significant relationship between temper-

ature and aggravated assault. In our favored specification (column 1), a one-degree Celsius

increase in daily average temperature is associated with a 0.668% increase in the number of

aggravated assaults. As with the estimated effect on homicide, switching to a less-flexible

control for time (column 2) and seasonality (column 3) has little impact on the estimated

temperature–assault relationship. In 2016, there were 676,758 reported aggravated assaults

(UCR). Our results imply that a one degree Celsius increase in daily average temperature

would result in an additional 4,521 aggravated assaults per year.

In columns (4)–(6) we switch to UCR data, focusing now on the relationship between

monthly average temperature and the number of assaults. Our estimates are very similar to

those in columns (1)–(3). A one degree increase in monthly average temperature is associated

with a 0.613% increase in the number of aggravated assaults when we use the full UCR

sample for 1970–2016. Reporting of aggravated assault to the police may be more sensitive

to various environmental factors and changes in policing than reporting of homicides. We

therefore view this baseline estimate of the effect of temperature on the number of aggravated

assaults with caution, though its consistency across samples and specifications is reassuring.

Collectively, these findings reinforce evidence from the existing literature that higher tem-

peratures are a causal driver of violent behavior. In Appendix A we provide further evidence

in support of this premise, exploring the potential for non-linear responses to temperature,

as well as the degree to which there are differential effects across seasons and climates. We

observe that the effect is strikingly linear and that there do not appear to be important

differences between seasons or across space.

5.2 The Moderating Effect of Gun Laws on the Temperature–

Violent Crime Relationship

Table 3 estimates the differential effect of temperature across places with more and less strict

Right-to-Carry laws. This is the relationship that, we argue, represents the causal effect of

gun regulations on violent crime.

Across all columns of Table 3 we interact temperature with More-Prohibited smy, an indi-

cator of whether the right to carry a concealed gun is unrestricted or subject to shall-issue

laws in state s, during month m of year y. Each column represents a different specification

or sample following the same structure as Table 2.

Our preferred estimate is provided by column (1). We estimate that in places where the
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right to carry is less prohibited a one degree Celsius increase in temperature on a given day

is associated with a 0.957% increase in homicides. In places where access to guns is more

prohibited, a one degree Celsius increase in temperature is associated with a 0.388% increase

in homicides. The effect of temperature on homicides is smaller in more-prohibited policy

environments; the difference (0.569) is equivalent to 88 homicides (using 2016 statistics

as a baseline) and is statistically significant (p < 0.05). This finding suggests that more

prohibitive gun regulations dampen the basic temperature–homicide relationship.

The sign of this effect is the same across all specifications and sample restrictions. As

in the baseline estimates of the temperature–homicide relationship, aggregating data to the

ORI-month level for the UCR dataset results in a smaller overall effect of temperature on

homicides, as does expanding the sample to include places not in the NIBRS data (e.g., large

cities); however, we always estimate a less responsive relationship between temperature and

homicides in more-prohibited states.

The magnitudes of these effects are striking. Using 2016 homicide statistics, our preferred

estimate implies that a one degree Celsius increase in daily average temperature across the

United States would result in in 148 additional homicides per year if all states had less-

prohibitive RTC laws. By contrast, a one degree Celsius increase in daily average tempera-

ture would result in 60 additional homicides per year if all states had more-prohibitive RTC

laws – a differential effect of 88 homicides. The current legislative trend is towards fewer

restrictions on access to guns. Consequently, the policy environment could significantly

exacerbate the effects of temperature on violent-crime, especially as exposure to higher tem-

peratures increases through climate change.

The differential effect of RTC laws on the temperature–assault relationship is different.

Beginning with the NIBRS sample, we estimate no differential effect of temperature between

more and less prohibited states, suggesting that RTC laws do not affect the overall number

of reported aggravated assaults. The coefficient is negative but small and statistically in-

significant. Using the UCR sample – columns (4)-(6) – tells the same story: all estimates are

small and statistically insignificant. Furthermore, the sign is inconsistent across columns.

Taking our preferred estimate – column (1) – at face value, and using 2016 numbers as a

baseline, our results imply that a one degree Celsius increase in daily average temperature

across the United States would result in 4,473 more aggravated assaults per year in places

with less restrictive RTC laws, but 4,643 more in places with more restrictive RTC laws – a

difference of 170 assaults. While the confidence interval spans both increases and decreases

in the number of aggravated assaults, the lower number in less-prohibited states is consis-

tent with the hypotheses that (1) some violent conflicts escalate from aggravated assaults to

homicides when gun laws are more lenient, and (2) more lenient gun laws have a deterrent
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effect on assault. We will consider the implied effects on the total social cost of violent crime

in Section 7 below.

As noted above, a change in temperature may affect the likelihood that an assault is

reported to police in addition to the likelihood of an assault occurring. Interpreting the

differential effect of temperature in places with more prohibited RTC laws as the causal effect

of those laws thus requires the assumption that temperature does not differentially affect

reporting behavior (including policing practices) in places with more versus less restrictive

RTC laws. We view this assumption as plausible but are not able to test it directly.

5.3 Robustness checks

In this section, we test the robustness of our findings to alternative interpretations. The

focus of this section is to explore whether there are other differences across states with strict

and lenient RTC laws that could confound our interpretation that greater access to guns

exacerbates the temperature–violent crime relationship.9

Table 4 explores the degree to which our findings could be driven by Southern culture.

In particular, one might be concerned that the “culture of honor” that is characteristic of

Southern states increases the likelihood that any confrontations escalate to violence. If the

culture of honor is correlated with more lenient gun policies, then this cultural difference

could confound our estimated effects of gun regulations. We test for this in two ways: First,

we drop Southern states, based on the Census definition of the South (excluding Washington

D.C.) (column 2) or a high score on a ‘Southernness Index’ (column 3).10 Second, we add an

interaction term testing for a differential effect of temperature in Southern states, using both

the Census definition (column 4) and the Southerness Index definition (5). Panel A considers

the effects on homicide. In all cases, we find no evidence that temperature has a differential

effect in the South or that Southern culture is confounding our estimated effects of gun

regulations. In the interaction specification, including the interaction term for Southerness

does not change the estimated coefficient for the moderating effect of less prohibited gun

access on the temperature–violent crime relationship.

Panel B considers effects on aggravated assaults. We observe that dropping Southern

states increases the magnitude of the coefficient, though it remains small and statistically

insignificant. When we use the full sample and include an interaction term for “Southerness”,

our estimate of the moderating effect of more prohibitive gun laws increases and becomes

9In Appendix B we show that our results are robust to non-linear specifications for temperature and
show that the estimated effects are common across seasons. This suggests that increased social interactions
are likely an important mechanism underlying the temperature–violent crime relationship.

10The Southerness Index was drawn from Gastil (1971).
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marginally significant: 0.155%/1◦C and 0.168%/1◦C (p < 0.10 in both cases). This suggests

that less prohibitive RTC laws may have a deterrent effect on aggravated assault when

Southernness is accounted for. However, this also suggests that the estimated effect of RTC

laws on aggravated assaults are more sensitive to confounding factors, which may reflect the

sensitivity of measurement of this crime type to changes in reporting.

Overall, this exercise adds further support to the interpretation of our main analysis –

that more restrictive gun laws mitigate the temperature–homicide relationship. However, it

also leads us to view our estimates of the effect on aggravated assault with more caution.

In Table 5 we explore whether our effects could be driven by differences in climate across

states. We split each location into hot, warm, and cold climate terciles based on their long-

run average temperature. If individuals in hotter states are more sensitive to temperature

on violent behavior, and less restrictive RTC laws correlate with hotter climates, then this

could confound our interpretation.

Looking at homicides, when we drop hot or cold climates our results remain statistically

significant and increase slightly in magnitude. When we drop warm climates the interaction

coefficient shrinks (from -0.569 to -0.326) and becomes statistically insignificant. However,

the magnitude of the coefficient still implies a substantial effect and is not statistically dis-

tinguishable from our main estimate. When we retain the full sample and include interaction

terms for hot and cold climates the magnitude and statistical significance of the coefficient

remains similar to our original estimate: -0.658 (p < 0.05) instead of -0.569 (p < 0.05).

Panel B considers aggravated assaults. The estimated effect of the interaction term of

interest (Temp × More Prohibited) remains small in magnitude when we drop warm and

cold climates, but grows (from 0.025 to 0.144) when we drop hot climates. In all cases the

coefficients are statistically insignificant. When we include the interaction terms for hot

and cold climates the coefficient capturing the interaction between temperature and lenient

gun laws is statistically insignificant, but larger in magnitude: it is now 0.136. Notably,

this estimate is close in magnitude to the estimated effect of Temp × More-Prohibited in

columns (4) and (5) from table 4 (0.155 and 0.168).

Table 6 explores whether our effects could be driven by differences in access to cooling

technologies, such as air conditioning. We split the sample according to whether locations

had above vs. below median air conditioning penetration at the start of the sample period

and also explore whether the interaction between temperature and AC penetration absorbs

any confounding variation in the temperature–policy interaction.11 Access to cooling tech-

nologies is negatively correlated with more prohibitive gun laws. Temperature could in turn

have a lower effect on violent behavior in locations with greater access to cooling technologies.

11Data on air conditioning penetration comes from Barecca et al. (2016).
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This would bias us toward finding a smaller effect of gun laws on the temperature–violent

crime relationship. As such, this exercise is more useful for understanding the sensitivity of

our estimates, rather than ruling out a confounding factor that could explain the estimated

relationship.

In panel A we observe that our estimates are statistically indistinguishable across spec-

ifications. We find that temperature has a smaller effect on homicide in more-prohibitive

policy environments. The estimate in high-AC-penetration states is statistically insignificant

at conventional levels, but marginally larger in magnitude than our main estimate. It is not

statistically different from the estimate in low-AC-penetration states, which is statistically

significant. The estimate remains statistically significant in the interaction term specifica-

tion. Similar insights are found in panel B, which looks at assaults. The interpretation of

our main results does not change whether we split the sample, or including the interaction

term between temperature and AC penetration.

Finally, Table 7 presents the results of a placebo exercise. It is possible that there

are other underlying differences between the types of states that have strict versus lenient

access to guns, that we have not considered. Perhaps there are other differences in culture or

institutions across states that are correlated with gun laws and that independently moderate

the temperature–violence relationship. As a partial test of this hypothesis, we test for

differential effects of temperature between states that are more prohibitive throughout the

sample period and those that later become less prohibitive. To do this we first drop all

observations in less prohibitive states. This drops observations from states that were always

less prohibitive as well as as post-treatment observations from states that transitioned to

become less prohibitive. We are left with a small sample of observations from states that are

always more prohibitive and observations from (future) less prohibitive states before they

adopt less-prohibitive policies.12 These placebo estimates are statistically insignificant and

have the opposite sign of our main estimates, for homicide. This supports our argument

that no other unobserved differences across these states are driving the effects we estimated

above. For assaults, estimates are similar to our main estimates – small and statistically

insignificant.

These exercises provide support for the interpretation of our main results. We argue

that the differential effect of temperature across different RTC law environments captures

differences in access to guns, rather than differences in cultural norms, or sensitivity to

climate. This is not to say that differences in cultural norms, or climate, or other differences

across states do not result in different violent crime outcomes, or even that they do not

differentially affect the temperature–violent crime relationship. Instead, this differential

12There are no states that go from being less prohibitive to more prohibitive.
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variation does not appear to be correlated with the differential effect of temperature between

lenient and strict gun law environments. The results on aggravated assault are less robust;

these checks suggest that less prohibitive RTC laws could have a deterrent effect, or that

crimes that would have been labelled assaults are now homicides (a displacement effect due to

the escalation of confrontations.) Ultimately, this finding is not robust across specifications.

5.4 Other outcome measures

Our main outcome of interest throughout these analyses has been non-negligent homicides

(as reported to police). A secondary outcome of interest is aggravated assaults (as reported

to police). In this section we consider whether we see similar patterns of behavior using

other, related, outcome measures. In particular, we use data from LEOKA (which records

violence by civilians against police officers), Fatal Encounters (which records violence by

police officers against civilians), and ShotSpotter gunshot sensors (which records gunfire

incidents). Each of these datasets are described in detail in Appendix B.3. In each case, our

sample is smaller than in our main analysis using NIBRS data, and results are not always

statistically significant. However, the patterns in outcomes are qualitatively similar: an

increase in temperature leads to more violent incidents, and that effect is smaller in places

with more restrictive gun laws.

6 Other policies

RTC laws are not the only policies that could affect the temperature–violent crime relation-

ship. Given the politics surrounding RTC laws, it may be politically infeasible to change

these laws. Consequently, there is value in understanding whether other interventions –

particularly those that are more politically feasible – may be effective in reducing violent

crime.

In this section, we explore the moderating effects of several other gun control policies on

the temperature–violent-crime relationship. We consider three other gun-related laws that

have been considered in the literature: Stand Your Ground (SYG) laws that make a broader

set of homicides justifiable, waiting periods for the purchase of a handgun, and requiring

a background check for the purchase of a firearm. The latter two law types in particular

are often discussed as feasible law changes that could deliver meaningful reductions in gun

violence.

For each of these policy types, we use policy data from previous studies. We use the same

sample period as our main analysis (1991–2016) for the waiting period and background check
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analyses, but restrict the sample period to 2000–2010 for our analysis of SYG laws, since

this is the time period for which we have policy data.

Table 8 presents the results of our analysis. For ease of comparison, column 1 shows our

main estimates for the effect of RTC laws on homicide (Panel A) and assault (Panel B).

Column 2 shows the effect of RTC laws when we restrict the time period to 2000–2010 (the

sample period for the SYG analysis). The Temp × Less Prohibited coefficient for homicide

is very similar (0.533 versus 0.569) but is no longer statistically significant, as the shorter

time period reduces our statistical power. The coefficient for assaults changes from -0.025 to

0.161 during the shorter time period; however, neither estimate is statistically significant.

Column 3 presents the moderating effects of SYG laws on the temperature–violent crime

relationship. These laws reduce the expected consequences of violent crime because the as-

sailant can claim the victim was trespassing on their personal property. They do not affect

access to guns, but instead affect the expected punishment associated with using a gun in

certain cases. As with RTC laws, SYG laws may exacerbate or attenuate the temperature–

violent crime relationship. On the one hand SYG laws lessen the consequences of engaging

in violent behavior. On the other hand greater risk associated with altercations may reduce

the likelihood that an altercation occurs to begin with. We estimate small and statisti-

cally insignificant effects of SYG laws on both the temperature–homicide relationship and

temperature–assault relationship. Even though the analysis of SYG laws is likely underpow-

ered due to the smaller sample, the magnitude of each effect is very small. We interpret

this result as an indication that SYG laws do not to have any meaningful impact on violent

crimes in the heat of the moment. We cannot conclude that SYG laws have no effect on

violent crimes more broadly, because our empirical strategy only captures effects on crimes

of opportunity or passion that could be affected by temperature.

Column 4 considers the moderating effects of waiting periods for handgun purchases. The

objective of these laws is to limit the ability of would-be offenders to obtain a gun quickly.

They are thus more likely to affect heat of the moment crimes, rather than pre-meditated

crimes. Waiting periods can be thought of as a cooling-off period that prevents crimes of

passion from escalating. Nevertheless, we estimate a small, statistically insignificant positive

effect of waiting periods on the temperature–homicide relationship. The estimated effect on

assaults is larger and negative, suggesting a mitigating effect; but is statistically insignificant

at conventional levels.

Column 5 considers the moderating effect of background checks for firearm purchases

on the temperature–violent crime relationship. This policy aims to limit the availability of

guns to people with intellectual disabilities, mental health disorders, and particular crim-

inal records. In other words, the objective is to keep guns from falling into the wrong
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hands. On average, we find that this type of policy has a mitigating effect on both the

temperature–homicide and temperature–assault relationship; however, again the effect is

statistically insignificant and about a quarter of the magnitude of the effect of RTC laws.

Overall, we find little evidence that alternative gun regulations mitigate the temperature–

violent crime relationship in a meaningful way.

7 Discussion

Our findings suggest that greater restrictions on gun possession dampen the effects of tem-

perature on homicides. We find limited evidence of any effect on aggravated assaults, with

suggestive evidence that more prohibitive RTC laws actually increase this type of crime in

some specifications. These findings are consistent with the hypothesis that, conditional on

a violent altercation arising, those altercations are more likely to be lethal when guns are

more easily accessible.

Our preferred estimates (column 1 of Table 3, based on NIBRS data from 1991–2016)

imply that, if all states were to implement less prohibitive RTC laws, there would be 88

more homicides per year per one degree Celsius increase in daily average temperature (95%

confidence interval: ± 79). Using the social cost of homicide ($8,982,907) from McCollister,

French and Fang (2010) this corresponds to a social cost of $790.8 million/1◦C per year

(95% CI: ± $705.5 million) ($2008 US). Our preferred estimates also suggest that restricting

access to guns mitigates the temperature–assault relationship, although the coefficients are

not statistically significant. Taken at face value our estimates imply that there would be 169

fewer aggravated assaults per year per one degree Celsius increase with less prohibitive RTC

laws (95% CI: ± 814). Using the cost of assault ($107,020) from McCollister, French and

Fang (2010) we estimate the social benefits of relaxing gun access – due to the decrease in

assaults – to be $18.1 million/1◦C/per year (95% CI: ± $87.1 million).

Consequently, we estimate the total social cost of less-prohibitive RTC laws, in terms of

their effect on temperature–affected homicides and aggravated assaults, to be $772.7 million

per 1◦C per year (sum of the bottom and top of the 95% CIs above: $16.2 million; $1.6

billion).

If we instead base our calculations on column 6 in Table 3 – using UCR data from 1970–

2016 – our estimates imply 14 more homicides (95% CI: ± 8) and 162 additional aggravated

assaults (95% CI: ± 398) as the result of a one-degree increase in temperature if all states

have less-prohibitive RTC laws. This implies a net social cost of $139.7 million/1◦C per year

(sum of the 95% CIs: -$11.2 million to $221.1 million).

The range in estimates for the number of homicides that arise per one degree Celsius
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increase in temperature reflect, differences in the estimates between the NIBRS and UCR

samples. On the one hand these differences could reflect differences in the underlying sample.

The NIBRS sample excludes large urban areas, whereas UCR includes them. The dampened

estimate in the UCR sample may therefore reflect differences in the effectiveness of gun

control in rural vs. urban areas. In urban areas, laws that restrict the right to carry may

have less effect if those laws are not strictly enforced. Consistent with this, we see that the

coefficient is much larger when restricted to the sample of NIBRS jurisdictions and sample

years. However, the UCR estimate for the same sample restrictions is still one third of the

NIBRS estimate based on the daily variation. Consequently, it is plausible to think that at

least part of the difference in the NIBRS and UCR estimates reflects attenuation bias due

to measurement error in exposure when using the month-level data in the UCR sample.

In Table 4, when controlling for differential effects of Southern culture, we estimated that

the effects of less restrictive gun laws mitigated the effects of temperature on aggravated

assaults, a statistically significant deterrent effect at the 10% level. Using the estimates

from column (5) – the most generous estimate – we estimate that a one degree increase in

temperature would result in 95 additional homicides per year (95% CI: ± 89) and 1,137 fewer

aggravated assaults per year (95% CI: ± 1,300) if all states implemented less prohibitive RTC

laws. These values imply a social cost of $857.5 million/1◦C per year (95% CI: ± $803.6

million) arising from the increase in homicides and a social benefit of $121.7 million/1◦C per

year (95% CI: ± $139.1 million) arising from the reduction in assaults giving a net social

cost of $735.9 million /1◦C per year (sum of 95% CIs: $36.5 million to $1.9 billion).

Consequently, even when we allow for the most generous deterrent effect, the estimated

social costs of less prohibitive RTC laws exceed the estimated social benefits from deterrence.
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8 Figures and Tables

Figure 1: The evolution of Right-to-Carry Laws in the United States (1970-2016)

Notes: Data source: Data hand coded by Chris Poliquin and coauthors using Cook and
Ludwig’s Evaluating Gun Policy, Vernick and Hepburn’s State and Federal Gun Laws: Trends
for 1970-1999 as well as state statutes and session laws.
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Figure 2: The evolution of Right-to-Carry Laws in the United States by decade

1970 1980

1990 2000

2010 2016

Prohibited May issue Shall issue Unrestricted

Notes: Data source: Data hand coded by Chris Poliquin and coauthors using Cook and
Ludwig’s Evaluating Gun Policy, Vernick and Hepburn’s State and Federal Gun Laws: Trends
for 1970-1999 as well as state statutes and session laws.
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Table 1: Difference in Means

(1) (2) (3) (4) (5)

All Less More Difference Obs
Prohibited Prohibited (2-3)

Panel A: NIBRS

Homicides 0.004 0.0041 0.0026 0.0015∗∗ 15,183,864
(0.0004) (0.0004) (0.0006) (0.0006)

Assaults 0.196 0.193 0.204 -.011 15,183,864
(.024) (0.025) (0.032) (0.031)

Temperature (◦C) 11.918 12.245 10.926 1.318∗∗ 15,183,864
(0.755) (0.827) (0.597) (0.623)

Precipitation (mm) 2.892 2.880 2.928 -0.049 15,183,864
(0.149) (0.165) (0.199) (0.208)

Southern (Census) 0.382 0.469 0.119 0.350∗∗∗ 15,183,864
(0.122) (0.137) (0.079) (0.127)

Southern (Southerness Index) 0.374 0.470 0.083 0.387∗∗∗ 15,183,864
(0.122) (0.137) (0.067) (0.123)

Hot Climate 0.333 0.393 0.151 0.241** 15,183,864
(0.107) (0.120) (0.084) (0.109)

Cold Climate 0.333 0.322 0.367 -0.044 15,183,864
(0.090) (0.101) (0.077) (0.079)

Panel B: UCR

Homicides 0.158 0.113 0.186 -0.074∗∗∗ 4,892,616
(0.019) (0.010) (0.027) (0.026)

Assaults 6.278 5.335 6.856 -1.522 4,892,616
(0.890) (0.587) (1.268) (1.291)

Temperature (◦C) 12.268 12.733 11.983 0.751 4,892,616
(0.767) (0.946) (0.767) (0.727)

Precipitation (mm) 86.871 91.453 84.062 7.391 4,892,616
(3.733) (3.669) (4.732) (5.007)

Southern (Census) 0.332 0.438 0.266 0.172∗∗ 15,183,864
(0.087) (0.108) (0.081) (0.078)

Southern (Southerness Index) 0.331 0.457 0.253 0.204∗∗ 15,183,864
(0.087) (0.108) (0.079) (0.077)

Hot Climate 0.332 0.384 0.300 0.083 15,183,864
(0.085) (0.102) (0.089) (0.088)

Cold Climate 0.333 0.324 0.339 -0.015 15,183,864
(0.068) (0.072) (0.080) (0.073)

Notes: Homicide is defined as nonnegligent homicide. Assault is defined as aggravated assault.
Temperature is defined as daily average temperature measured in degrees Celsius. Standard errors
are clustered at the state level. Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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Table 2: Baseline results: The Effect of Temperature on Violent Crime

NIBRS UCR

(1) (2) (3) (4) (5) (6)

Panel A: Homicide

Temperature (◦C) 0.812∗∗∗ 0.783∗∗∗ 0.750∗∗∗ 0.336∗∗∗ 0.359∗∗∗ 0.251∗∗∗

(0.147) (0.136) (0.118) (0.119) (0.057) (0.039)

Panel B: Assaults
Temperature (◦C) 0.668∗∗∗ 0.639∗∗∗ 0.596∗∗∗ 0.646∗∗∗ 0.606∗∗∗ 0.613∗∗∗

(0.030) (0.029) (0.027) (0.036) (0.025) (0.019)

Observations 15,183,864 15,183,864 15,183,864 1,237,800 2,866,188 4,892,616

Sample:
1991-2016 X X X X X
1970-2016 X
ORIs reporting to NIBRS X X X X
ORIs reporting to UCR X X
Controls:
ORI by month-of-year FEs X X X X
ORI by day-of-year FEs X X
ORI by year FEs X X X X X
ORI by month-of-sample FEs X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or assaults at
the ORI-day level (NIBRS) or ORI-month level (UCR). They are scaled by 100 and so estimates can be
interpreted as a percent change in the outcome of interest. Homicide is defined as nonnegligent homicide.
Assault is defined as aggravated assault. Temperature is defined as daily average temperature measured
in degrees Celsius. We also control for daily precipitation (NIBRS) or monthly total precipitation (UCR).
Standard errors are clustered at the state level. Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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Table 3: Main results: The Differential Effect of Temperature on Violent Crime when Guns
are More Prohibited

NIBRS UCR

(1) (2) (3) (4) (5) (6)

Panel A: Homicides
Temperature (◦C) 0.957∗∗∗ 0.893∗∗∗ 0.862∗∗∗ 0.378∗∗∗ 0.385∗∗∗ 0.308∗∗∗

(0.151) (0.135) (0.121) (0.118) (0.075) (0.055)

Temp x More Prohibited -0.569∗∗ -0.457∗∗ -0.456∗∗ -0.205∗∗∗ -0.092∗∗∗ -0.087∗∗∗

(0.259) (0.199) (0.182) (0.053) (0.034) (0.027)

Panel B: Assaults
Temperature (◦C) 0.661∗∗∗ 0.624∗∗∗ 0.582∗∗∗ 0.648∗∗∗ 0.600∗∗∗ 0.629∗∗∗

(0.083) (0.078) (0.073) (0.058) (0.049) (0.044)

Temp x More Prohibited 0.025 0.059 0.058 -0.010 0.021 -0.024
(0.061) (0.039) (0.037) (0.030) (0.030) (0.030)

Observations 15,183,864 15,183,864 15,183,864 1,237,800 2,866,188 4,892,616

Sample:
1991-2016 X X X X X
1970-2016 X
ORIs reporting to NIBRS X X X X
ORIs reporting to UCR X X
Controls:
ORI by month of year FEs X X X X
ORI by day of year FEs X X
ORI by year FEs X X X X X
ORI by month-of-sample FEs X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or assaults at
the ORI-day level (NIBRS) or ORI-month level (UCR). They are scaled by 100 and so estimates can be
interpreted as a percent change in the outcome of interest. Homicide is defined as nonnegligent homicide.
Assault is defined as aggravated assault. Temperature is defined as daily average temperature measured
in degrees Celsius. We also control for daily precipitation (NIBRS) or monthly total precipitation (UCR).
Standard errors are clustered at the state level. Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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Table 4: Accounting for Culture of Honor Effects: The Differential Effect of Temperature on Violent Crime
when Guns are More Prohibited (NIBRS sample)

Culture of Honor

(1) (2) (3) (4) (5) (6) (7)

Main
estimate

Drop South
(South)

Drop South
(S. Index)

Interaction
(Census)

Interaction
(S. Index)

Trend
(Census)

Trend
(S. Index)

Panel A: Homicides
Temperature (◦C) 0.957∗∗∗ 1.275∗∗∗ 1.265∗∗∗ 0.945∗∗∗ 1.014∗∗∗ 0.956∗∗∗ 1.026∗∗∗

(0.151) (0.307) (0.304) (0.242) (0.226) (0.242) (0.226)

Temp x More Prohibited -0.569∗∗ -0.856∗∗ -0.693∗ -0.560∗ -0.617∗∗ -0.589∗ -0.649∗∗

(0.259) (0.365) (0.410) (0.321) (0.295) (0.328) (0.301)

Temp x South 0.028 -0.128 50.311 50.916
(0.297) (0.263) (44.550) (44.133)

Temp x Culture of Honor -0.025 -0.025
(0.022) (0.022)

Panel B: Assaults
Temperature (◦C) 0.661∗∗∗ 0.625∗∗∗ 0.617∗∗∗ 0.491∗∗∗ 0.489∗∗∗ 0.508∗∗∗ 0.508∗∗∗

(0.083) (0.059) (0.058) (0.053) (0.054) (0.047) (0.048)

Temp x More Prohibited 0.025 0.091 0.104 0.155∗ 0.168∗ 0.107 0.117
(0.061) (0.093) (0.090) (0.091) (0.098) (0.070) (0.073)

Temp x South 0.384∗∗ 0.387∗∗ 82.529∗∗ 82.785∗∗

(0.181) (0.188) (35.050) (35.086)

Temp x Culture of Honor -0.041∗∗ -0.041∗∗

(0.017) (0.017)

Observations 15,183,864 9,377,422 9,497,572 15,183,864 15,183,864 15,183,864 15,183,864

Sample:
1991-2016 X X X X X X X
ORIs reporting to NIBRS X X X X X X X
Controls:
ORI by day-of-year FEs X X X X X X X
ORI by month-of-sample FEs X X X X X X X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or assaults at the ORI-day level. They
are scaled by 100 and so estimates can be interpreted as a percent change in the outcome of interest. Homicide is defined as
nonnegligent homicide. Assault is defined as aggravated assault. Temperature is defined as daily average temperature measured
in degrees Celsius. We also control for daily precipitation. Columns 2 and 4 define the South using the Census definition,
excluding Washington, D.C. Columns 3 and 5 define the South as states with a score of 25 or higher on Gastil’s Southerness
Index. Standard errors are clustered at the state level. Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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Table 5: Accounting for Climate Differences: The Differential Effect of Temperature on
Violent Crime when Guns are More Prohibited (NIBRS sample)

Climate Differences

(1) (2) (3) (4) (5)
Main

estimate Drop Hot Drop Warm Drop Cold Interaction

Panel A: Homicides
Temperature (◦C) 0.957∗∗∗ 1.331∗∗∗ 0.702∗∗∗ 0.950∗∗∗ 1.330∗∗∗

(0.151) (0.282) (0.118) (0.179) (0.309)

Temp x More Prohibited -0.569∗∗ -0.718∗ -0.326 -0.725∗∗∗ -0.658∗∗

(0.259) (0.405) (0.306) (0.275) (0.266)

Temp x Hot -0.525
(0.354)

Temp x Cold -0.538∗

(0.316)

Panel B: Assaults
Temperature (◦C) 0.661∗∗∗ 0.621∗∗∗ 0.685∗∗∗ 0.655∗∗∗ 0.430∗∗∗

(0.083) (0.059) (0.095) (0.106) (0.044)

Temp x More Prohibited 0.025 0.144 0.052 -0.038 0.136
(0.061) (0.099) (0.077) (0.064) (0.085)

Temp x Hot 0.509∗∗∗

(0.187)

Temp x Cold 0.133∗∗∗

(0.048)

Observations 15,183,864 10,123,469 10,125,700 10,118,559 15,183,864

Sample:
1991-2016 X X X X X
ORIs reporting to NIBRS X X X X X
Controls:
ORI by day of year FEs X X X X X
ORI by month-of-sample FEs X X X X X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or assaults
at the ORI-day level. They are scaled by 100 and so estimates can be interpreted as a percent change
in the outcome of interest. Homicide is defined as nonnegligent homicide. Assault is defined as
aggravated assault. Temperature is defined as daily average temperature measured in degrees Celsius.
We also control for daily precipitation. Climate terciles (Hot, Warm, and Cold) are calculated using
the long-run average temperature of each location. Standard errors are clustered at the state level.
Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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Table 6: Accounting for AC Penetration: The Differential Effect of Temperature on Violent
Crime when Guns are More Prohibited (NIBRS sample)

(1) (2) (3) (4)

Main
estimate

Drop above median
AC penetration

Drop below median
AC penetration Interaction

Panel A: Homicides
Temperature (◦C) 0.957∗∗∗ 1.272∗∗∗ 0.852∗∗∗ 1.120∗∗∗

(0.151) (0.311) (0.153) (0.291)

Temp x More Prohibited -0.569∗∗ -0.605 -0.683∗∗ -0.571∗∗

(0.259) (0.458) (0.279) (0.255)

Temp x Average AC -0.387
(0.500)

Panel B: Assaults
Temperature (◦C) 0.661∗∗∗ 0.632∗∗∗ 0.674∗∗∗ 0.455∗∗∗

(0.083) (0.061) (0.119) (0.107)

Temp x More Prohibited 0.025 0.163 -0.052 0.027
(0.061) (0.115) (0.080) (0.075)

Temp x Average AC 0.492
(0.364)

Observations 15,183,864 7,751,568 8,443,281 15,183,864

Sample:
1991-2016 X X X X
ORIs reporting to NIBRS X X X X
Controls:
ORI by day of year FEs X X X X
ORI by month-of-sample FEs X X X X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or assaults at
the ORI-day level. They are scaled by 100 and so estimates can be interpreted as a percent change in
the outcome of interest. Homicide is defined as nonnegligent homicide. Assault is defined as aggravated
assault. Temperature is defined as daily average temperature measured in degrees Celsius. We also
control for daily precipitation. AC is defined as the average state AC penetration in 1980. Standard
errors clustered at the state level. Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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Table 7: Placebo Exercise: The Differential Effect of Temperature on Violent Crime between
More Prohibited and Future Less Prohibited States

NIBRS UCR

(1) (2) (3) (4)
Main

estimate
Placebo
estimate

Main
estimate

Placebo
estimate

Panel A: Homicides

Temperature (◦C) 0.957∗∗∗ 0.361 0.308∗∗∗ 0.122∗∗∗

(0.151) (0.377) (0.055) (0.045)

Temp x More Prohibited -0.569∗∗ -0.087∗∗∗

(0.259) (0.027)

Temp x Always More Prohibited 0.786 0.298
(0.628) (0.187)

Panel B: Assaults
Temperature (◦C) 0.661∗∗∗ 0.643∗∗∗ 0.629∗∗∗ 0.606∗∗∗

(0.083) (0.113) (0.044) (0.062)

Temp x More Prohibited 0.025 -0.024
(0.061) (0.030)

Temp x Always More Prohibited 0.041 0.098
(0.156) (0.093)

Observations 15183864 3755906 4892616 3033399

Sample:
1991-2016 X X
1970-2016 X X
ORIs reporting to NIBRS X X
ORIs reporting to UCR X X
Controls:
ORI by month of year FEs X X
ORI by day of year FEs X X
ORI by year FEs X X
ORI by month-of-sample FEs X X

Notes: Notes: The outcome variables are the inverse hyperbolic sine of the num-
ber of homicides or assaults at the ORI-day level (NIBRS) or ORI-month level
(UCR). They are scaled by 100 and so estimates can be interpreted as a percent
change in the outcome of interest. Homicide is defined as nonnegligent homicide.
Assault is defined as aggravated assault. Temperature is defined as daily average
temperature measured in degrees Celsius. We also control for daily precipitation
(NIBRS) or monthly total precipitation (UCR). The placebo estimates the dif-
ferential effect of temperature between states that never become less prohibited
during our sample period and states that will become less prohibited after having
removed all observations in less prohibited states. Precipitation control included.
Standard errors clustered at the state level. Significance levels are indicated as *
0.10 ** 0.05 *** 0.01.

36



Table 8: Additional Policies: The Differential Effect of Temperature on Violent Crime with Other Gun Policies
(NIBRS)

(1) (2) (3) (4) (5)

Main
estimate

RCT with SYG
restriction

Stand Your
Ground

Handgun
waiting period

Background
Check

Panel A: Homicides
Temperature (◦C) 0.957∗∗∗ 1.106∗∗∗ 0.671∗∗∗ 0.808∗∗∗ 0.859∗∗∗

(0.151) (0.217) (0.129) (0.133) (0.177)

Temp x More Prohibited -0.569∗∗ -0.533
(0.259) (0.469)

Temp x SYG 0.012
(0.405)

Temp x Waiting Period 0.045
(0.610)

Temp x Background Check -0.126
(0.250)

Panel B: Assaults
Temperature (◦C) 0.661∗∗∗ 0.740∗∗∗ 0.687∗∗∗ 0.683∗∗∗ 0.706∗∗∗

(0.083) (0.105) (0.091) (0.089) (0.120)

Temp x More Prohibited 0.025 -0.161
(0.061) (0.126)

Temp x SYG 0.083
(0.071)

Temp x Waiting Period -0.148
(0.097)

Temp x Background Check -0.103
(0.126)

Observations 15,183,864 7,714,200 7,714,200 15,183,864 15,183,864

Sample:
1991-2016 X X X X X
ORIs reporting to NIBRS X X X X X
Controls:
ORI by day of year FEs X X X X X
ORI by month-of-sample FEs X X X X X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or assaults at the
ORI-day level (NIBRS) or ORI-month level (UCR). They are scaled by 100 and so estimates can be interpreted
as a percent change in the outcome of interest. Homicide is defined as nonnegligent homicide. Assault is defined
as aggravated assault. Temperature is defined as daily average temperature measured in degrees Celsius. We
also control for daily precipitation (NIBRS) or monthly total precipitation (UCR). SYG is defined to be equal
to one if a state expanded the castle doctrine to any place outside the home between 2000 to 2010, and zero
otherwise. Waiting period is defined to be equal to one if a state required at least a one day waiting period for
handgun purchases between 1991 and 2014, and zero otherwise. Background check is defined to be equal to
one if a state introduced any type of background check between 1994 and 2014, and zero otherwise. Standard
errors clustered at the state level. Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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A The Relationship Between Temperature and Violent

Crime

In this appendix we further deconstruct the relationship between temperature and violent

crime, providing insights into functional form as well as differences in the the effect of tem-

perature across seasons and different climates. This analysis is conducted using the NIBRS

data.

First we explore the degree to which violent crimes respond non-linearly to temperature.

We do this by exploiting variation in the distribution of daily temperatures. We define 9

temperature indicators that are equal to 1 if the daily average temperature falls within a 5◦C

range. The lowest bin captures all days in which the daily average temperature falls below

-5◦C. The highest bin captures all days in which the daily average temperature exceeds 30◦C.

We estimate separate coefficients for each of the temperature bin regressors, using the modal

bin (10-14◦) as a reference category to minimize multicollinearity concerns,

ypdmy =
9∑

j=1

βjtempcdmy + γ1raincdmy + αpmy + δpd + εpdmy, (3)

This approach makes a number of assumptions about the effects of daily temperatures

on violent crime. First, the approach assumes that the impact of daily temperature is

determined by the daily mean alone, rather than intra-day variations in temperature. This

assumption is also true of our main specification. Second, the approach assumes that the

impact of a day’s average temperature on the outcome of interest is constant within each 5◦

interval.

In Figure 1 we present the results of this exercise. We see that the relationship between

temperature and violent crimes, both homicide and assaults are strikingly linear. There is

some flattening of the dose-response function at the highest temperatures; however, daily av-

erage temperatures exceeding 30◦ are in the 99th percentile of the temperature distribution.

Consequently, some of this flattening may arise due to power considerations. Nevertheless,

this relationship suggests that social interaction may be a more important driver of the

temperature–crime relationship than psychological or physiological responses to tempera-

ture, where we may expect a more non-linear response, with higher temperatures driving

the effects. The slight concavity of the relationship is consistent with a social interaction

mechanisms as individuals may spend less time outside during very hot weather reducing

the likelihood of confrontations outside the home.

We also evaluate the relationship between violent crime and temperature using a piece-

wise linear spline model. We apply the concept of cooling degree days (days that are hot)

1



Figure 1: Testing for Non-Linearity: The Effects of Temperature on Violence

Notes: Homicide defined as nonnegligent homicide. Assault defined as aggravated assault.
Temperature defined as average temperature measured in degrees Celsius. Data source:
NIBRS

and heating degree days (days that are cool). The number of cooling degree days is defined

as the difference between the daily average temperature and 18◦C. It is defined as zero if the

daily average temperature is less than 18◦C. The number of heating degree days is defined

as the difference between 18◦C and the daily average temperature. It is defined as zero if

the daily average temperature is greater than 18◦C.

CDD =

{
temperature− 18 if temperature > 18◦C

0 if temperature < 18◦C

HDD =

{
18 − temperature if temperature < 18◦C

0 if temperature > 18◦C

We estimate the following model,

ypdmy = β1CDDcdmy + β2HDDcdmy + γ1raincdmy + αpmy + δpd + εpdmy, (4)
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Table A1: Cooling Degree Days and Heating Degree Days (NI-
BRS sample)

(1) (2) (3)

Panel A: Homicides

CDD 0.734∗ 0.758∗∗ 0.756∗∗

(0.390) (0.310) (0.369)

HDD -0.828∗∗∗ -0.748∗∗∗ -0.789∗∗∗

(0.135) (0.122) (0.118)

Panel B: Assaults

CDD 0.684∗∗∗ 0.635∗∗∗ 0.673∗∗∗

(0.116) (0.107) (0.106)

HDD -0.665∗∗∗ -0.588∗∗∗ -0.632∗∗∗

(0.077) (0.071) (0.079)

Observations 15183864 15183864 15183864

Sample:

1991-2016 X X X

ORIs reporting to NIBRS X X X

Controls:

ORI by month of year FEs X

ORI by day of year FEs X X

ORI by year FEs X X

ORI by month-of-sample FEs X

Notes: Outcome is percentage change in crime at ORI-day level. Homicide

defined as nonnegligent homicide. Assault defined as aggravated assault.

Temperature defined as average temperature measured in degrees Celsius.

Precipitation control included. Standard errors clustered at the state level.

Data source: NIBRS. Significance levels are indicated as * 0.10 ** 0.05 ***

0.01.

In addition to exploring the potential for non-linear responses, we also explore the de-

gree to which the temperature–violent crime relationship varies by season and climate. To

maximize power we explore these considerations using a leave-one-out approach. That is,

we drop one season at a time, to explore whether our estimates are driven by a particular

season. Similarly, drop one climate region at a time, evaluating the degree to which our

effects are driven by hot, cold, or warm climates.

In Table A2 we observe that the temperature–violent crime relationship is robust across

seasons. That is, the estimates are not driven by a particular season. This further reinforces
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the social interaction mechanisms. Warmer temperatures in Winter, Spring, and Fall are

likely to increase social interactions, but are unlikely to be so warm as to invoke psychological

or physiological responses. If the aggression-mechanism was a key driver, we might expect

summer temperatures to be the driver of this relationship.

Table A2: Accounting for Seasonal Differences: The Effect of Temperature on Violent Crime
(NIBRS sample)

Differences by season

(1) (2) (3) (4) (5)

Main
estimate

Drop
spring

Drop
summer

Drop
fall

Drop
winter

Panel A: Homicides
Temperature (◦C) 0.812∗∗∗ 0.742∗∗∗ 0.784∗∗∗ 0.878∗∗∗ 0.851∗∗∗

(0.147) (0.158) (0.147) (0.173) (0.158)

Panel B: Assaults
Temperature (◦C) 0.668∗∗∗ 0.642∗∗∗ 0.708∗∗∗ 0.644∗∗∗ 0.677∗∗∗

(0.030) (0.031) (0.032) (0.030) (0.031)

Observations 15,183,864 11,330,873 11,225,697 11,368,196 11,626,826

Sample:
1991-2016 X X X X X
ORIs reporting to NIBRS X X X X X
Controls:
ORI by day of year FEs X X X X X
ORI by month-of-sample FEs X X X X X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or assaults
at the ORI-day level. They are scaled by 100 and so estimates can be interpreted as a percent
change in the outcome of interest. Homicide is defined as nonnegligent homicide. Assault is defined
as aggravated assault. Temperature is defined as daily average temperature measured in degrees
Celsius. We also control for daily precipitation. Winter is defined as the December, January, and
February. Spring is defined as March, April, May. Summer is defined as June, July, August. Fall is
defined as September, October, November. Standard errors clustered at the state level. Significance
levels are indicated as * 0.10 ** 0.05 *** 0.01.

In Table A3 we observe that the temperature–violent crime relationship is not driven by

particular climates either. We divide the US into three climate terciles (Hot, Warm, and

Cold), using the long-run average temperature of each location. We estimate larger effects

in warmer and cooler climates, suggesting that individuals in hot climates may be more

resilient to the effects of temperature; however, temperature is still strongly associated with

increases in both homicides and assaults across all specifications.
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Table A3: Accounting for Climate Differences: The Effect of Temperature on Violent Crime
(NIBRS sample)

Differences by Climate

(1) (2) (3) (4)

Main
estimate

Drop
Hot

Drop
Warm

Drop
Cool

Panel A: Homicides
Temperature (◦C) 0.812∗∗∗ 1.099∗∗∗ 0.636∗∗∗ 0.780∗∗∗

(0.147) (0.228) (0.152) (0.170)

Panel B: Assaults
Temperature (◦C) 0.668∗∗∗ 0.668∗∗∗ 0.696∗∗∗ 0.646∗∗∗

(0.030) (0.042) (0.036) (0.035)

Observations 15,183,864 10,123,469 10,125,700 10,118,559

Sample:
1991-2016 X X X X
ORIs reporting to NIBRS X X X X
Controls:
ORI by day of year FEs X X X X
ORI by month-of-sample FEs X X X X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homi-
cides or assaults at the ORI-day level. They are scaled by 100 and so estimates can
be interpreted as a percent change in the outcome of interest. Homicide is defined
as nonnegligent homicide. Assault is defined as aggravated assault. Temperature is
defined as daily average temperature measured in degrees Celsius. We also control for
daily precipitation. Climate terciles (Hot, Warm, and Cold) are calculated using the
long-run average temperature of each location. Standard errors clustered at the state
level. Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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B Additional Results and Robustness Checks for the

Moderating Effect of Gun Laws

B.1 Non-Linear Temperature Specifications and Effects by Season

In the main text we restrict our robustness tests to focus on ruling out confounding in-

terpretations and providing support for the the interpretation that greater access to guns

exacerbate the temperature–violent crime relationship. In this section we explore whether

our results are robust to accounting for non-linear temperature specifications and whether

the effects are robust across seasons. Consistent with the findings in Appendix A, we find

that this is the case.

In Figure 1 we observe that the effects of temperature on homicides are largely driven

by less prohibited states (red line), with a much flatter temperature–homicide relationship

observed in more prohibited states. However, given the large number of coefficients and

interaction terms the estimates are noisier than in our baseline specifications. As in the main

specification we do not see much of a differential effect of gun laws on the temperature–assault

relationship.

Figure 1: Testing for Non-Linearity: The Effects of Temperature on Violence

Notes: Homicide defined as nonnegligent homicide. Assault defined as aggravated assault.
Temperature defined as average temperature measured in degrees Celsius. Data source:
NIBRS

In Table B1 we use the piece-wise linear model.
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Table B1: Accounting for Seasonal Differences: The Effect of Temperature on Violent Crime
when Guns are More Prohibited (NIBRS sample)

(1) (2) (3)

Panel A: Homicides

CDD 0.794∗ 0.886∗∗∗ 0.907∗∗

(0.447) (0.301) (0.379)

CDD x More Prohibited -0.245 -0.557 -0.661∗

(0.677) (0.411) (0.374)

HDD -0.991∗∗∗ -0.857∗∗∗ -0.890∗∗∗

(0.154) (0.140) (0.142)

HDD x More Prohibited 0.635∗∗ 0.434∗∗ 0.413∗

(0.295) (0.213) (0.225)

Panel B: Assaults

CDD 0.678∗∗∗ 0.596∗∗∗ 0.632∗∗∗

(0.127) (0.093) (0.090)

CDD x More Prohibited 0.024 0.167∗ 0.175∗

(0.090) (0.094) (0.106)

HDD -0.658∗∗∗ -0.580∗∗∗ -0.623∗∗∗

(0.076) (0.073) (0.080)

HDD x More Prohibited -0.025 -0.035 -0.035

(0.071) (0.043) (0.043)

Observations 15183864 15183864 15183864

Sample:

1991-2016 X X X

ORIs reporting to NIBRS X X X

Controls:

ORI by month of year FEs X

ORI by day of year FEs X X

ORI by year FEs X X

ORI by month-of-sample FEs X

Notes: Outcome is percentage change in crime at ORI-day level.

Homicide defined as nonnegligent homicide. Assault defined as ag-

gravated assault. Temperature defined as average temperature mea-

sured in degrees Celsius. Precipitation control included. Standard

errors clustered at the state level. Data source: NIBRS. Significance

levels are indicated as * 0.10 ** 0.05 *** 0.01.
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In Table B2 we see that the moderating effects of temperature appear to be robust across

seasons. However, there is one exception. When we drop the fall season that coefficient on

the interaction term becomes statistically insignificant at conventional levels. However, the

magnitude of the effect is still substantial and is not statistically indistinguishable from the

other coefficient estimates.
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Table B2: Accounting for Seasonal Differences: The Effect of Temperature on Violent Crime
when Guns are More Prohibited (NIBRS sample)

(1) (2) (3) (4) (5) (6)

Main
estimate

Drop
spring

Drop
summer

Drop
fall

Drop
winter Interaction

Panel A: Homicides

Temperature (◦C) 0.957∗∗∗ 0.918∗∗∗ 0.944∗∗∗ 0.977∗∗∗ 0.996∗∗∗ 0.889∗∗∗

(0.179) (0.196) (0.177) (0.208) (0.189) (0.241)

Temp x More Prohibited -0.569∗∗ -0.689∗∗ -0.637∗∗ -0.386 -0.566∗ -0.576∗∗

(0.283) (0.294) (0.282) (0.333) (0.318) (0.283)

Temp x Spring 0.220

(0.251)

Temp x Summer 0.394

(0.341)

Temp x Autumn -0.163

(0.299)

Panel B: Assaults

Temperature (◦C) 0.661∗∗∗ 0.622∗∗∗ 0.704∗∗∗ 0.655∗∗∗ 0.662∗∗∗ 0.612∗∗∗

(0.031) (0.031) (0.034) (0.032) (0.033) (0.034)

Temp x More Prohibited 0.025 0.077 0.017 -0.043 0.060 0.028

(0.047) (0.053) (0.048) (0.049) (0.050) (0.047)

Temp x Spring 0.122∗∗∗

(0.030)

Temp x Summer -0.130∗∗∗

(0.045)

Temp x Autumn 0.118∗∗∗

(0.033)

Observations 15183864 11330873 11225697 11368196 11626826 15183864

Sample:

1991-2016 X X X X X X

ORIs reporting to NIBRS X X X X X X

Controls:

ORI by day of year FEs X X X X X X

ORI by month-of-sample FEs X X X X X X

Notes: Outcome is percentage change in crime at ORI-day level. Homicide defined as nonnegligent

homicide. Assault defined as aggravated assault. Temperature defined as average temperature measured

in degrees Celsius. Precipitation control included. Standard errors clustered at the state level. Data

source: NIBRS. Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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Table B3: Accounting for Climate Differences: The Effect of Temperature on
Violent Crime when Guns are More Prohibited (NIBRS sample)

(1) (2) (3) (4) (5)

Main
estimate

Drop
Hot

Drop
Warm

Drop
Cool Interaction

Panel A: Homicides

Temperature (◦C) 0.957∗∗∗ 1.331∗∗∗ 0.702∗∗∗ 0.950∗∗∗ 1.330∗∗∗

(0.151) (0.282) (0.118) (0.179) (0.309)

Temp x More Prohibited -0.569∗∗ -0.718∗ -0.326 -0.725∗∗∗ -0.658∗∗

(0.259) (0.405) (0.306) (0.275) (0.266)

Temp x Hot -0.525

(0.354)

Temp x Cold -0.538∗

(0.316)

Panel B: Assaults

Temperature (◦C) 0.661∗∗∗ 0.621∗∗∗ 0.685∗∗∗ 0.655∗∗∗ 0.430∗∗∗

(0.083) (0.059) (0.095) (0.106) (0.044)

Temp x More Prohibited 0.025 0.144 0.052 -0.038 0.136

(0.061) (0.099) (0.077) (0.064) (0.085)

Temp x Hot 0.509∗∗∗

(0.187)

Temp x Cold 0.133∗∗∗

(0.048)

Observations 15183864 10123469 10125700 10118559 15183864

Sample:

1991-2016 X X X X X

ORIs reporting to NIBRS X X X X X

Controls:

ORI by day of year FEs

ORI by month-of-sample FEs X X X X X

Notes: Outcome is percentage change in crime at ORI-day level. Homicide defined as non-

negligent homicide. Assault defined as aggravated assault. Temperature defined as average

temperature measured in degrees Celsius. Precipitation control included. Climate terciles

(Hot, Warm, and Cold) are calculated using the long-run average temperature of each loca-

tion. Standard errors clustered at the state level. Data source: NIBRS. Significance levels are

indicated as * 0.10 ** 0.05 *** 0.01.
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B.2 Additional UCR Results

In this section we explore whether the accounting for confounding variation affects the UCR

results. In Table B4 we show that the differential effect of temperature on homicide remains

robust in the UCR sample when accounting for any confounding variation associated with

the Culture of Honor (dropping southern states, and including an interaction term).

We observe that the differential effect of temperature across regulatory environments

is robust to dropping Southern states and to including the interaction of Southerness with

Temperature. This holds for the temperature–homicide and temperature–result relationship.

We also see that our results are robust to dropping hot, warm, or cold climatic areas,

and to including the interaction of these variables alongside the interaction of temperature

with gun laws (Table B5).

Finally, we estimate that our results are robust to restricting our sample to locations that

have above or below median penetration of air conditioning, and to including the interaction

of these variables alongside the interation of temperature with gun laws (Table B6).
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Table B4: Accounting for Culture of Honor Effects: The Differential Effect of Temperature when Guns are
More Prohibited (UCR sample)

Culture of Honor

(1) (2) (3) (4) (5) (6) (7)

Main
estimate

Drop South
(South)

Drop South
(S. Index)

Interaction
(Census)

Interaction
(S. Index)

Trend
(Census)

Trend
(S. Index)

Panel A: Homicides
Temperature (◦C) 0.308∗∗∗ 0.281∗∗∗ 0.288∗∗∗ 0.282∗∗∗ 0.289∗∗∗ 0.258∗∗∗ 0.268∗∗∗

(0.055) (0.068) (0.068) (0.065) (0.066) (0.062) (0.063)

Temp x More Prohibited -0.087∗∗∗ -0.053∗∗∗ -0.053∗∗∗ -0.087∗∗∗ -0.087∗∗∗ -0.053∗∗∗ -0.056∗∗∗

(0.027) (0.016) (0.016) (0.027) (0.027) (0.018) (0.017)

Temp x South 0.095 0.068 -8.596∗ -7.407
(0.101) (0.097) (4.785) (4.690)

Temp x Culture of Honor 0.004∗ 0.004
(0.002) (0.002)

Panel B: Assaults
Temperature (◦C) 0.629∗∗∗ 0.532∗∗∗ 0.537∗∗∗ 0.554∗∗∗ 0.559∗∗∗ 0.533∗∗∗ 0.534∗∗∗

(0.044) (0.048) (0.048) (0.049) (0.049) (0.048) (0.048)

Temp x More Prohibited -0.024 0.012 0.012 -0.023 -0.022 0.008 0.014
(0.030) (0.033) (0.034) (0.030) (0.030) (0.031) (0.031)

Temp x South 0.264∗∗∗ 0.252∗∗∗ -7.601∗∗ -8.440∗∗

(0.059) (0.059) (3.526) (3.417)

Temp x Culture of Honor 0.004∗∗ 0.004∗∗

(0.002) (0.002)

Observations 4892616 3270708 3274524 4892616 4892616 4892616 4892616

Sample:
1970-2016 X X X X X X X
ORIs reporting to UCR X X X X X X X
Controls:
ORI by month-of-year FEs X X X X X X X
ORI by year FEs X X X X X X X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or assaults at the ORI-month
level. They are scaled by 100 and so estimates can be interpreted as a percent change in the outcome of interest. Homicide
is defined as nonnegligent homicide. Assault is defined as aggravated assault. Temperature is defined as daily average
temperature measured in degrees Celsius. We also control for total monthly precipitation. Columns 2 and 4 define the
South using the Census definition, excluding Washington, D.C. Columns 3 and 5 define the South as states with a score of
25 or higher on Gastil’s Southerness Index. Standard errors are clustered at the state level. Significance levels are indicated
as * 0.10 ** 0.05 *** 0.01.
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Table B5: Accounting for Climate Differences: The Differential Effect of Temperature when
Guns are More Prohibited (UCR sample)

Climate Differences

(1) (2) (3) (4) (5)
Main

estimate Drop Hot Drop Warm Drop Cold Interaction

Panel A: Homicides
Temperature (◦C) 0.308∗∗∗ 0.301∗∗∗ 0.274∗∗∗ 0.354∗∗∗ 0.386∗∗∗

(0.0548) (0.0504) (0.0711) (0.0630) (0.0549)

Temp x More Prohibited -0.087∗∗∗ -0.070∗∗∗ -0.098∗∗∗ -0.091∗∗∗ -0.086∗∗∗

(0.027) (0.021) (0.038) (0.035) (0.027)

Temp x Hot 0.103
(0.129)

Temp x Cold -0.261∗∗∗

(0.063)

Panel B: Assaults
Temperature (◦C) 0.629∗∗∗ 0.546∗∗∗ 0.630∗∗∗ 0.730∗∗∗ 0.647∗∗∗

(0.044) (0.044) (0.057) (0.045) (0.038)

Temp x More Prohibited -0.024 -0.003 -0.044 -0.026 -0.023
(0.030) (0.032) (0.029) (0.041) (0.030)

Temp x Hot 0.208∗∗∗

(0.061)

Temp x Cold -0.177∗∗

(0.070)

Observations 4892616 3268512 3255120 3261600 4892616

Sample:
1970-2016 X X X X X
ORIs reporting to UCR X X X X X
Controls:
ORI by month-of-year FEs X X X X X
ORI by year FEs X X X X X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or
assaults at the ORI-month level. They are scaled by 100 and so estimates can be interpreted
as a percent change in the outcome of interest. Homicide is defined as nonnegligent homicide.
Assault is defined as aggravated assault. Temperature is defined as daily average temperature
measured in degrees Celsius. We also control for total monthly precipitation. Climate terciles
(Hot, Warm, and Cold) are calculated using the long-run average temperature of each location.
Standard errors clustered at the state level. Data source: UCR. Significance levels are indicated
as * 0.10 ** 0.05 *** 0.01.
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Table B6: Accounting for AC Penetration over Time: The Differential Effect of Temperature
on Violent Crime when Guns are More Prohibited (UCR sample)

Main Drop above median Drop below median Interaction
estimate AC penetration AC penetration

(1) (2) (3) (4)

Panel A: Homicides
Temperature (◦C) 0.308∗∗∗ 0.286∗∗∗ 0.360∗∗∗ 0.107

(0.055) (0.101) (0.061) (0.081)

Temp x More Prohibited -0.087∗∗∗ -0.077∗∗∗ -0.109∗∗ -0.088∗∗∗

(0.027) (0.027) (0.049) (0.027)

Temp x Average AC 0.443∗∗∗

(0.150)

Panel B: Assaults
Temperature (◦C) 0.629∗∗∗ 0.569∗∗∗ 0.704∗∗∗ 0.500∗∗∗

(0.044) (0.061) (0.056) (0.091)

Temp x More Prohibited -0.024 0.002 -0.058 -0.025
(0.030) (0.032) (0.048) (0.030)

Temp x Average AC 0.284∗

(0.170)

Observations 4892616 2512044 2489952 4892616

Sample:
1970-2016 X X X X
ORIs reporting to UCR X X X X
Controls:
ORI by month-of-year FEs X X X X
ORI by year FEs X X X X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or assaults
at the ORI-month level. They are scaled by 100 and so estimates can be interpreted as a percent
change in the outcome of interest. Homicide is defined as nonnegligent homicide. Assault is defined
as aggravated assault. Temperature is defined as daily average temperature measured in degrees
Celsius. We also control for total monthly precipitation. AC is defined as the average state AC
penetration in 1980. Standard errors clustered at the state level. Significance levels are indicated as
* 0.10 ** 0.05 *** 0.01.
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Table B7: Additional Policies: The Differential Effect of Temperature on Violent Crime with
Various Gun Policies (UCR)

Main RTC Stand Your Handgun Background
estimate estimate Ground waiting period check

(1) (2) (3) (4) (5)

Panel A: Homicides
Temperature (◦C) 0.308∗∗∗ 0.531∗∗∗ 0.475∗∗∗ 0.253∗∗∗ 0.237∗∗∗

(0.055) (0.110) (0.104) (0.048) (0.047)

Temp x More Prohibited -0.087∗∗∗ -0.101
(0.027) (0.071)

Temp x SYG 0.070∗

(0.042)

Temp x Waiting Period -0.008
(0.029)

Temp x Background Check 0.040
(0.034)

Panel B: Assaults
Temperature (◦C) 0.629∗∗∗ 0.627∗∗∗ 0.647∗∗∗ 0.607∗∗∗ 0.604∗∗∗

(0.044) (0.055) (0.052) (0.049) (0.048)

Temp x More Prohibited -0.024 0.023
(0.030) (0.043)

Temp x SYG -0.039∗∗

(0.017)

Temp x Waiting Period 0.019
(0.043)

Temp x Background Check 0.024
(0.050)

Observations 4892616 1228536 1228536 4892616 4892616

Sample:
1970-2016 X X X X X
ORIs reporting to UCR X X X X X
Controls:
ORI by month-of-year FEs X X X X X
ORI by year FEs X X X X X

Notes: The outcome variables are the inverse hyperbolic sine of the number of homicides or assaults
at the ORI-month level. They are scaled by 100 and so estimates can be interpreted as a percent
change in the outcome of interest. Homicide is defined as nonnegligent homicide. Assault is defined
as aggravated assault. Temperature is defined as daily average temperature measured in degrees
Celsius. We also control for total monthly precipitation. SYG is defined to be equal to one if
a state expanded the castle doctrine to any place outside the home between 2000 to 2010, and
zero otherwise. Waiting period is defined to be equal to one if a state required at least a one day
waiting period for handgun purchases between 1991 and 2014, and zero otherwise. Background
check is defined to be equal to one if a state introduced any type of background check between 1994
and 2014, and zero otherwise. Standard errors clustered at the state level. Significance levels are
indicated as * 0.10 ** 0.05 *** 0.01.
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B.3 Additional Crime Datasets

In this appendix we provide further details on the additional crime data that we’ve collected.

We also present estimates of the effect of temperature on violent crime in these data (Table

B8) and estimates of the differential effect of temperature across gun regulation environments

(Table B9). Despite the limitations of these data, we estimate qualitatively similar results

to our main analysis.

B.3.1 LEOKA Data

Outcome: Killings of or assaults on police officers

Construction: LEOKA (Law Enforcement Officers Killed and Assaulted) is a database of

violence against law enforcement officers maintained by the FBI. Data ranges from 1975 to

2016. In the full sample, there are 21,960 unique reporting agencies. Our outcomes include

the inverse hyperbolic sine of homicide and assaults against an officer.

B.3.2 Fatal Encounters Data

Outcome: Killings by police officers

Fatal Encounters is a national database of people killed during interactions with the police

from 2010 to 2016. There are 4,054 cities included in the dataset. We focus on incidents

in which an individual was shot to death. We restrict the data to locations in NIBRS for

the main estimate. There are 1,218 cities included in our final analysis sample. Data was

initially either crowd-sourced and then verified or found through internet searches by the

founder. In 2014, the organization began to primarily depend on paid researchers.

According to the founder of Fatal Encounters, “We try to document all deaths that

happen when police are present or that are caused by police: on-duty, off-duty, criminal,

line-of-duty, local, federal, intentional, accidental – all of them.” The data is updated on a

common Google Doc.

The website is a work-in-progress and at different times, there have been varying num-

bers of people dedicated to building this database working on the project. Initially, the

creator populated records through public record requests. When this proved inefficient, Fa-

tal Encounters had a public, editable google document where people would add records or

fill in missing information. The creator would verify new information and record changes

on a google document only he could edit. In 2014, he locked open editing and created a

submission form on the website. That same year, they transitioned to using paid research

assistants to search public records and verify submissions until 2017. The majority of entries

were identified and verified by paid research assistants.
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B.3.3 Shotspotter Data

The ShotSpotter database records and categorizes potential gunfire across select U.S. cities.

Our data range from 2000 to 2016. There are 39 unique locations in the sample. Our

outcomes include the inverse hyperbolic sine of entries classified as gunfire (certain shootings)

as well as a more expansive outcome including potential gunfire. Notably, there are no states

with unrestricted RCT laws in this sample.

If cities purchase ShotSpotter services, ShotSpotter will install acoustic sensors around

the city. These sensors ignore typical noise but record impulsive noise–noises similar to

gunshots. Sensors record sound characteristics and if at least three sensors record the noise,

the software can pinpoint the location. The sound is compared to a database of known

gunfire and other similar sounds. If the software determines the noise was gunfire, acoustic

experts verify that finding and send the information to the police. Gunfire alerts are sent to

law enforcement and emergency responders through push notifications.

We restrict our sample to drop all entries for December 31st and January 1st, and July

1st through July 6th. We exclude all entries with a missing sound classification, all entries

categorized as anything other than potential gunfire, e.g., fireworks, and restrict the sample

locations to be those included in NIBRS. This results in 37 unique locations.

Unique jurisdictions included: 37

– California: East Palo Alto (2013-2015), Fresno (2015-2016), Oakland (2008-2013),

Redwood City (2000-2014), Richmond (2009-2016), Sacramento (2015-2016), San

Diego (2016), San Francisco (2013-2015), San Mateo (2006-2016), San Pablo

(2011-2016), and Stockton (2013-2016)

– Washington, D.C. (2006-2016)

– Florida: Hillsborough (2016) and Palm Beach (2013-2016)

– Illinois: Peoria (2013-2016)

– Massachusetts: Brockton (2013-2015), Springfield (2008-2016), and Worcester

(2014-2016)

– Michigan: Detroit (2015-2016)

– Minnesota: Minneapolis (2007-2016)

– Missouri: Kansas City (2012-2016) and St. Louis (2013-2016)

– Nebraska: Omaha (2013-2016)

– New Jersey: Camden (2013-2016) and East Orange (2006-2016)
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– New York: Long Beach (2015-2016) and Nassau (2009-2014)

– North Carolina: Goldsboro (2016) and Wilmington (2013-2015)

– Ohio: Canton (2013-2014) and Youngstown (2010-2016)

– Pennsylvania: Pittsburgh (2013-2016)

– Wisconsin: Beloit (2009-2012) and Milwaukee (2013-2015)

Table B8: Alternative Data Sources: The Effects of Temperature on Violent Crimes

NIBRS LEOKA Fatal Encounters ShotSpotter

(1) (2) (3) (4) (5) (6) (7)

Main
estimate

Officers
Killed

Officers
Assaulted

Shooting

Count

Shooting

Indicator
Certain

Shootings
Uncertain
Shootings

Temperature (◦C) 0.812∗∗∗ 1.446 0.191∗ 0.208 0.259 0.631∗∗∗ 0.637∗∗∗

(0.133) (3.144) (0.100) (0.526) (0.618) (0.190) (0.182)

Observations 1518364 2017428 2017428 3114426 3114426 46702 46702

Sample:
1991-2016 X X X
2010-2016 X X
2000-2016 X X
Restricted to NIBRS locations X X X X X X X
Controls:
ORI by day-of-year FEs X
ORI by month-of-sample FEs X
ORI by year FEs X X
ORI by month FEs X X
city by day-of-year FEs X X X X
city by month-of-sample FEs X X X X

Notes: Standard errors clustered at the state level. Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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Table B9: Alternative Data Sources: The Differential Effect of Temperature when Guns are
More Prohibited

NIBRS LEOKA Fatal Encounters ShotSpotter

(1) (2) (3) (4) (5) (6) (7)

Main
estimate

Officers
Killed

Officers
Assaulted

Shooting

Count

Shooting

Indicator
Certain

Shootings
Uncertain
Shootings

Temperature (◦C) 0.957∗∗∗ 1.952 0.223∗∗ 0.257 0.334 0.705∗∗ 0.670∗∗∗

(0.151) (3.114) (0.094) (0.568) (0.666) (0.286) (0.257)

Temperature x More Prohibited -0.569∗∗ -1.752∗∗ -0.131 -0.423 -0.643 -0.145 -0.064
(0.259) (0.784) (0.089) (1.161) (1.373) (0.333) (0.309)

Observations 15183864 2017428 2017428 3114426 3114426 46702 46702

Sample:
1991-2016 X X X
2010-2016 X X
2000-2016 X X
Restricted to NIBRS locations X X X X X X X
Controls:
ORI by day-of-year FEs X
ORI by month-of-sample FEs X
ORI by year FEs X X
ORI by month FEs X X
city by day-of-year FEs X X X X
city by month-of-sample FEs X X X X

Notes: Standard errors clustered at the state level. Significance levels are indicated as * 0.10 ** 0.05 *** 0.01.
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