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Hour-level panel data on pollution—in the form of PM2.5

and PM10—in Mexico City were compiled by the Sistema

de Monitoreo Atmosférico de la Ciudad de México

(SIMAT) and were retrieved from Hoyo de Smog.

Municipalities with no or little data were excluded from

estimations. To instrument wind direction, binary

indicators were used to categorise the distribution of

wind direction into four quadrants: North East, North

West, South East, and South West. Per-ward crime data

were retrieved from the Justice Department of the City of

Mexico (PGJCDMX) and Hoyo de Crimen.

A Causal Assessment of the Impacts of Air Pollution on Crime: 
Evidence from Mexico City

Gellert Turkevi-Nagy (Supervisor: Dr Hector Rufrancos)

Stirling Management School, Economics Division

Research Objective

To offer a novel perspective on the hidden costs of

pollution through the analysis of the causal interplay

between air pollution and criminal behaviour by 1)

drawing on data from Mexico City; 2) assessing the

causal mechanisms mediating this relationship; and

3) examining relevant policy implications.

Literature Review

Crime incidents were classified into three categories

based on their level of force—violent, property, and

violent property crimes—and were transformed into a

Poisson model due to the near-zero means of daily

crimes per ward. Based on the literature review, it was

hypothesised that compared to non-violent crime—e.g.,

economically motivated property crime—violent crime is

more affected by changes in air pollution due to its

connection with aggression, impulsivity, and unethical

behaviour.

Panel data on protests were retrieved by The Strauss

Center’s Social Conflict Analysis Database (SCAD),

containing time-series data on protests, riots, strikes, inter-

communal conflict, government violence against civilians,

and other forms of social conflict. To match the other data,

only observations between 2013 and 2017 were used for

instrumental variable estimations.

Besides thermal inversions and wind direction, a binary

indicator for protests—as a proxy for collective anxiety

and thus a possible confounder—was also included in the

initial instrumental variable specifications as an

instrument. The protest and wind direction indicators were

excluded from the final estimations due to their low

robustness compared to inversions which have been

proven to be a strong instrument by prior research.

The physiological pathway is found to be mediated by

changes in neurochemistry—e.g., increased cortisol,

cortisone, serotonin (Li et al., 2017), and

neuroinflammation—, as well as exacerbated physical

illnesses—e.g., cardiovascular disease. These are

positively linked with stress and cognitive damage

(Chen et al., 2018) which could increase the probability of

unethical behaviour and thus crime. To establish

causality and combat endogeneity, prior literature has

employed regression analyses complemented with fixed

effects and instrumental variable estimation.

Past research has mainly found a positive relationship

between air pollution and crime. This link has been

hypothesised to be mediated by two channels—one

physiological and one psychological. Herrnstadt and

Muehlegger (2016); Burkhardt et al. (2019); and Berman

et al. (2019) find that it is violent types of crime that are

most affected by increased levels of pollution. This is

argued to be a result of pollutants increasing anxiety (Lu

et al., 2018) and impulsivity via the psychological

pathway, leading to altered perceived benefits and

higher future discounting (Bondy et al., 2020). This in

turn could increase the probability of engaging in

unethical behaviour and thus trigger a rise in crime.
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Ordinary Least Squares Model:

, where the dependent variable is the natural logarithm of

the respective category of crime in ward i on day t. , ,

and represent time (day, month, and year) and ward

fixed effects, and the random error term, respectively.

First Stage Instrumental Variable Model:

Second Stage Instrumental Variable Model:

2022 Carnegie Vacation Scholarship

Initially, standard Ordinary Least Squares-based

regressions were used to estimate the relationship between

air pollution and crime. Both time—i.e., day, month, and

year—and spatial—i.e., ward—fixed effects were used to

account for time-and ward-specific factors and identify the

variation in crime that is attributable to changes in pollution.

Within a 10-kilometer inverse distance, a 10 μg/m3-increase

in the maximum level of PM2.5 recorded on a given day was

associated with a 0.3%, 1.7%, and 0.2% increase in

property, violent, and violent property crimes, respectively.

For violent crime, the results were found to be more robust

and both practically and statistically significant at the 1%.

For property and violent property crimes, the results were

statistically insignificant. The effect of the mean temperature

on a given day on crime was insignificant, too.

Within a 10-kilometer inverse distance, a 10 μg/m3-increase

in the maximum level of PM10 recorded on a given day was

associated with a decrease in violent and violent property

crimes, unlike in the case of PM2.5. The estimate for violent

property crime was the only statistically significant result

under this specification. In addition, larger particulate

matter—i.e., PM10—did not have a practically significant

effect on the level of non-violent property crime.

These results are in accordance with the preliminary

hypothesis that violent crime is more likely to be positively

influenced by heightened emotional states—e.g.,

aggression or anxiety—than non-violent property crime.

The OLS-based fixed effects approach thus suggested that

the primary resultant of pollution—particularly PM2.5—

is violent types of crime.

Causal Mechanisms Ordinary Least Squares Results
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Figure I: The causal mechanisms modelled by a directed acyclic graph

Property Violent
Violent 

Property

Maximum PM2.5 0.003 0.017*** 0.002

(0.003) (0.006) (0.002)

Average 

Temperature
0.000 0.001* 0.001

(0.000) (0.001) (0.001)

Constant -4.184*** -5.761*** -4.065***

(0.037) (0.096) (0.061)

N 1,740,132 1,636,292 1,743,840

Figure II: The effect of PM2.5 on property, violent, and violent property crime 

within a 10-kilometer inverse distance with time and ward fixed effects. 

Standard errors are clustered at the cuadrante—i.e., ward—level. 

* p<0.1; ** p<0.05; *** p<0.01.

Figure III: The effect of PM10 on property, violent, and violent property crime 

within a 10-kilometer inverse distance with time and ward fixed effects. 

Standard errors are clustered at the cuadrante—i.e., ward—level. 

* p<0.1; ** p<0.05; *** p<0.01.
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Theoretical Econometric Models

Property Violent
Violent 

Property

Maximum PM10 -0.000 -0.004 -0.002***

(0.001) (0.003) (0.001)

Average 

Temperature
0.000 0.001* 0.001

(0.000) (0.001) (0.001)

Constant -4.169*** -5.521*** -3.990***

(0.053) (0.087) (0.063)

N 1,740,132 1,636,292 1,743,840
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To assess the linearity of the relationship between

pollution and crime, a bin system was created, with

bins 1 to 10 corresponding to the time spent per day

with PM2.5 readings between 0-10μg/m3, 10-20μg/m3,

…, 90-150μg/m3. The results indicate that the more

time is spent between 31-40μg/m3 or 60-70μg/m3, the

higher the level of violent property crime.

However, the more time is spent with extremely high

pollution levels, the lower the crime levels. It is

hypothesised that this is due to extreme air pollution

triggering a decrease in the possible matches between

crime opportunities and criminals, reducing the number

of available victims outdoors, and increasing the costs

of committing a crime. This uneven nature of the

response of crime to PM2.5 suggest a non-linear

relationship in the response function.

Instrumental Variable Results 
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Figure IV: The effect of PM2.5 on violent crime using a bin system 
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Research and Policy Implications

Whilst the fixed effects model used in this study does

show a positive relationship between crime and pollution,

quasi-experimental methods do not provide convincing

causal evidence for this. To assess the robustness of

this relationship across geographies and offer relevant

policy insights, more research needs to be conducted.

The findings of prior research, however, indicate that

allocating more resources toward improving air quality

could have a knock-on effect on reducing crime.

The metrics estimating the social costs of pollution should

thus be revised. Crime prevention efforts and law

enforcement deployment should also be more reflective of

environmental factors, such as pollution levels.

Past studies also suggest that efforts directed at mitigating

air pollution could have positive cost-benefit results due

to the decrease in crime costs, which could increase

the popularity of tighter environmental regulation. Due

to the projected rise in the risk of wildfires in light of

climate change, policymakers should recognise the rising

importance of lowering air pollution both because of its

effects on health and public safety. This could be done

by introducing Pigouvian taxes on fossil fuel-based

vehicles or incentivising the electric vehicle industry.
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Maximum 

PM2.5

Violent 

Property 

Crime 
Thermal Inversions 0.575

(13.61)**

Average Temperature 0.003

(2.03)*

Maximum PM2.5 -0.002

(2.04)*

N 1,743,889 1,743,889

Figure V: The effect of PM2.5 on violent property crime within a 10-kilometer 

inverse distance with time and ward fixed effects, and two-stage least-squares. 

Standard errors are clustered at the cuadrante—i.e., ward—level. 

* p<0.1; ** p<0.05; *** p<0.01.
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To establish causality, a quasi-experimental method in the

form of 2SLS instrumental variable estimation was also used.

The intuition behind this is that pollution and crime have been

found to be jointly influenced by endogenous factors, with

measurement errors also likely present in the data.

Initially, three instruments were used to identify variation in

crime only attributable to changes in pollution—wind direction,

protests, and thermal inversions. Due to inversions being the

strongest instrument exactly identified (with a first stage F-

statistic of 208), only this variable was instrumented in the

final functional form. Under this specification, a 10 μg/m3-

increase in the maximum level of PM2.5 was associated with a

0.2% decrease in violent property crime (significant at the

1%). Violent and property crime were not found to be

statistically significantly affected by changes in smaller

particulate matter. The result contradicts the Ordinary Least

Squares fixed effects regressions, where all three crime

categories were found to be positively affected by PM2.5.
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