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 A B S T R A C T

Work-related transportation incidents significantly impact urban mobility and productivity. These incidents 
include traffic crashes, collisions between vehicles, and falls that occurred during commuting or work-related 
transportation (e.g., falling while getting off a bus during the morning commute or while riding a bicycle for 
work). This study analyzes a decade of work-related transportation incident data (2012–2021) in Santiago, 
Chile, using records from a major worker’s insurance company. Using negative binomial regression, we assess 
the impact of a 2018 urban speed limit reduction law on incident injury severity. We also explore broader 
temporal, spatial, and demographic patterns in these incidents in urban and rural areas.

The urban speed limit reduction is associated with a decrease of 4.26 days in prescribed medical leave for 
incidents in urban areas, suggesting that lower speed limits contribute to reduced injury severity. Our broader 
analysis reveals distinct incident patterns across different groups. Workers traveling by motorcycle and bicycle 
experience more severe injuries when involved in traffic incidents, with marginal effects of 26.94 and 13.06 
additional days of medical leave, respectively, compared to motorized vehicles. Female workers tend to have 
less severe injuries, with an average of 7.57 fewer days of medical leave. Age is also a significant factor, with 
older workers experiencing more severe injuries — each additional year of age is associated with 0.57 more 
days of medical leave. Our results provide insights for urban planning, transportation policy, and workplace 
safety initiatives.
1. Introduction

Work trips are a crucial aspect of daily urban mobility, shaping 
the rhythm of cities and defining peak travel periods. The safety of 
these trips is important, as work-related traffic incidents (including 
crashes between vehicles, collisions with other road users, and falls 
during commuting or work transportation) impact individual health, 
urban productivity, and sustainability (United Nations, 2023). These 
incidents significantly impact urban dynamics by affecting workers, 
disrupting traffic, straining emergency services, and causing economic 
losses through reduced productivity (Chantith et al., 2021). In this 
paper, we use the term ‘incident’ to refer to traffic incidents that may 
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result in injury or property damage, avoiding the term ‘accident’ which 
can imply unavoidability.

While disruptive to urban systems, traffic incidents are often un-
derrepresented in transportation analyses. Traditional travel surveys 
rarely capture traffic incident data, and new data sources like mobile 
phone records, although helpful in understanding general mobility 
patterns (Widhalm et al., 2015; Graells-Garrido et al., 2023a), cannot 
identify specific traffic incidents due to anonymization and lack of 
meta-data. However, work-related incidents offer study opportunities, 
as they are more likely to be centrally recorded due to legal and 
insurance requirements.
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Our study focuses on Santiago, the capital of Chile and its largest 
urban agglomeration. According to the last official Census from 2017, 
the official population of Santiago is of nearly 8 million inhabitants 
spread across an urban area of 867.75 square kilometers, comprising 
over 40 independent municipalities. The city’s transportation system is 
characterized by an integrated multimodal network with a nearly flat 
fare structure across the metro, urban buses, and rail services (Muñoz 
et al., 2014).

Various institutions prioritize worker safety and insurance in San-
tiago, overseen by the Superintendencia de Seguridad Social (SUSESO). 
This paper analyzes a dataset from one of these entities, Mutual de 
Seguridad de la Cámara Chilena de la Construcción (MUSEG), which 
covers approximately 31% of all insured workers in the country as of 
2022. We quantify incident severity through prescribed medical leave 
days — the time a medical professional determines a worker needs 
to recover before returning to work. This measure directly captures 
the immediate impact on workers’ lives and productivity. Our study 
examines 75.8 K traffic incidents in the Santiago metropolitan area and 
surrounding rural regions (of which 33.4 K could be geolocated with ex-
act coordinates) from 2012 to 2021, revealing temporal, geographical, 
and demographic patterns.

A significant event within our study period is the implementation of 
a new speed limit regulation on August 4th, 2018, which reduced the 
urban speed limit from 60 km/h to 50 km/h (Gobierno de Chile, 2019). 
While this law directly regulates motorized vehicle speeds, its safety 
benefits extend to all road users, as most crashes involving pedestrians, 
cyclists, and motorcyclists also involve cars or other motor vehicles on 
shared roads. We use this policy change as a natural experiment, em-
ploying a Negative Binomial regression to assess its effect on incident 
severity.

This work addresses the following research questions:

1. What are the temporal, spatial, and demographic patterns of 
work-related transportation incidents in Santiago?

2. How did the 2018 speed limit reduction impact the severity of 
work-related transportation incidents?

3. How do factors such as mode of transportation, time of day, and 
worker demographics influence incident severity?

This paper is structured as follows: Section 2 reviews related work 
on urban mobility safety and speed limit impacts. Section 3 describes 
our context and data sources. Section 4 describes the methodology. Sec-
tion 5 presents our results, including the spatial and temporal patterns 
of incidents and the regression analysis of the impact of the speed limit 
law. Section 6 concludes with key takeaways and suggestions for future 
research.

2. Related work

Research on urban transportation safety has shown that speed limit 
reductions can effectively reduce traffic injuries (Elvik, 2012; Cleland 
et al., 2020; Milton et al., 2021). However, less than 10% of road safety 
research focuses on low- and middle-income countries, despite these 
areas accounting for most road traffic deaths and injuries (Haghani 
et al., 2022). Our study addresses this gap by examining how speed 
limit changes affect work-related transportation incidents in a Latin 
American context, while also investigating the broader relationship 
between urban mobility patterns and traffic safety.

2.1. Urban mobility and safety

Urban mobility patterns significantly influence traffic safety. Miner 
et al. (2024) categorize the negative impacts of automobility into 
violence, ill health, social injustice, and environmental damage. Their 
study reveals that cars have contributed to 60–80 million deaths glob-
ally and exacerbated social and environmental issues. They advocate 
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for replacing car-centric policies with interventions such as increasing 
bike lanes or reducing traffic speed limits.

Cabrera-Arnau et al. (2020), Cabrera-Arnau and Bishop (2021) ex-
plored the relationship between urban size and incident rates. They 
found that while the number of incidents in an urban area generally 
depends superlinearly on population size, this relationship varies with 
incident severity. Notably, they found no significant change in the 
number of road traffic collisions per person for urban areas of different 
sizes, highlighting the complex nature of urban mobility and safety.

2.2. Spatial analysis of traffic incidents

Spatial patterns of traffic incidents provide crucial insights for tar-
geted interventions. Hazaymeh et al. (2022) used local hotspot analysis 
to study traffic incidents in Jordan, concluding that less severe incidents 
occur where traffic volume is highest.

In the Latin American context, Mangones et al. (2024) compared 
crash risk on arterial roads, Bus Rapid Transit (BRT), and Buses with 
High Level of Service (BHLS) corridors in Bogotá, Colombia. Their find-
ings suggest that different public transport infrastructures have varying 
impacts on safety. BRT networks provide lower crash rates for less 
severe collisions but increase injuries and fatalities. This underscores 
the importance of considering different road types and transport modes 
in safety analyses. Sukhai et al. (2021), studying South Africa, another 
Global South country, found that contextual effects create unequal road 
safety risks, with higher vulnerabilities for pedestrians, females, and 
public transport users linked to rurality and socio-economic factors.

2.3. Impact of speed limit laws

Research on speed limit reductions, particularly from the UK, pro-
vides strong evidence for their effectiveness. In Edinburgh, the in-
troduction of 20 mph (32 km/h) limits resulted in a 22% reduction 
in collisions and 20% reduction in casualties compared to control 
zones (Kokka et al., 2024). A comprehensive meta-narrative synthesis 
found that 20 mph zones were consistently associated with reductions 
in collisions and casualties (Cleland et al., 2020). Multiple studies from 
Bristol and Edinburgh demonstrated that speed limit reductions led to 
measurable decreases in average traffic speeds and crashes (Pilkington 
et al., 2018; Nightingale et al., 2020).

While previous studies have shown the effectiveness of speed limit 
reductions in various contexts (Elvik, 2012; Milton et al., 2021; Cleland 
et al., 2020), including rigorous evaluations of citywide implemen-
tations (Kokka et al., 2024; Pilkington et al., 2018), research exam-
ining speed enforcement mechanisms provides additional supporting 
evidence. Montella et al. (2015) found that point-to-point speed en-
forcement on urban motorways reduced excessive speeding behaviors 
by over 80% and crashes by 32%, with even larger reductions during 
adverse conditions. Similarly, Goldenbeld and van Schagen (2005) 
documented a 21% reduction in both injury accidents and serious 
casualties after implementing targeted speed enforcement.

In the Chilean context, Martínez and Contreras (2020) and Nazif-
Munoz et al. (2014) studied the impacts of a 2005 traffic law re-
form. Martínez and Contreras (2020) found that the reform led to signif-
icant reductions in road traffic death trends for both child pedestrians 
and passengers, with socioeconomic factors also playing a role. Nazif-
Munoz et al. (2014) observed that the 2005 reform was associated with 
a 7% reduction in pedestrian fatalities, mediated by increased police 
enforcement and reduced alcohol consumption. They also found that 
police enforcement was directly associated with significant decreases 
in fatalities across all road user types, while road infrastructure invest-
ment was linked to an 11% reduction in pedestrian fatalities. These 
studies provide essential context for understanding the evolving land-
scape of traffic safety regulations in Chile and highlight the complex 
interplay between legislative changes, enforcement, and infrastructure 
investment in improving road safety outcomes.
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2.4. Gender and age dynamics in traffic incidents

González-Sánchez et al. (2021) investigated the influence of road 
type on traffic injury risk, considering gender and age. They found that 
men consistently have a higher risk of severe and fatal injuries across 
all modes of transport and road types. Havet et al. (2021) explored 
how determinants of daily mobility affect male and female workers 
differently, finding persistent gender differences in travel patterns even 
when controlling for employment status and car access.

Salminen (2000) found that in Finland, men were involved in five 
out of every six traffic incidents during work hours, despite driving 
only three out of every four kilometers. The study also revealed that 
older workers (50–65 years) had the highest frequency of work-related 
transportation incidents, highlighting the importance of age as a factor 
in our analysis.

2.5. Work-related incidents in urban contexts

Work-related transportation incidents, particularly those occurring 
during commutes, represent a significant subset of urban traffic inci-
dents with unique characteristics and impacts. These incidents affect 
individual workers and have broader implications for urban mobility 
and economic productivity.

Mitchell et al. (2004) conducted a comprehensive study of work-
related road deaths in Australia, finding that, on average, 151 com-
muters were fatally injured in vehicle incidents on public roadways 
each year from 1989 to 1992. This translates to a rate of 2.0 per 
100,000 commuters per year, highlighting the significant risk associ-
ated with daily work-related travel in urban areas.

The economic impact of commuting incidents is substantial. While 
not specific to commuting, Chantith et al. (2021) calculated that pro-
ductivity loss due to road traffic incidents in Thailand amounted to 
approximately 0.8% of the country’s GDP in 2017. This underscores 
the significant economic burden that traffic incidents, including those 
related to commuting, can impose on urban economies.

The duration of medical leave following commuting incidents is 
a critical aspect affecting workers and employers. Hansson (1976) 
studied road traffic casualties in Sweden and found that the average 
duration of inability to work was 35 days. They noted a close relation 
between the seriousness of the injury and time off work, with ortho-
pedic injuries resulting in an average of 120 days of medical leave. 
Although this study is not recent, it highlights the potentially long-term 
impact of traffic incidents on workers’ ability to return to work.

Two years post-crash, 8% of previously unaffected car occupants in 
Sweden were on sickness absence or disability pension (Elrud et al., 
2019). For cycle crashes, 20% of individuals had sickness absence, 
with duration varying by injury type and body region (Ohlin et al., 
2018). These studies highlight the long-term impacts of traffic crashes 
on workers.

Urban infrastructure plays a crucial role in commuting safety. Man-
gones et al. (2024) explored how different public transport infrastruc-
tures in Bogotá, Colombia, impact safety. They found that different bus 
corridor types affect crash rates and severity differently, highlighting 
the importance of infrastructure design in commuting safety.

The gender aspect of commuting safety is a critical consideration 
in urban mobility. Gauvin et al. (2020) studied urban mobility pat-
terns in Santiago, Chile, revealing a gender gap in mobility. Women 
were found to visit fewer unique locations than men and distribute 
their time less equally among such locations. This gender difference 
in mobility patterns could affect commuting safety. Complementing 
this, Vasquez-Henriquez et al. (2020) analyzed social media data from 
Santiago to understand gender differences in transportation experi-
ences. They found that women more frequently express concerns about 
safety and harassment in public transportation and public spaces. This 
aligns with findings from Loukaitou-Sideris (2016), who highlight that 
women’s transport needs differ from men’s due to safety concerns and 
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sociocultural norms. These studies underscore the importance of con-
sidering gender-specific safety issues in urban transportation planning 
and policy-making, particularly in work-related travel.

Our study builds upon this body of work by explicitly examining 
work-related crashes in the context of Santiago, Chile, and evaluating 
the impact of a city-wide speed limit reduction on commuting safety. By 
focusing on this intersection of work-related mobility and urban traffic 
safety policies, and by analyzing the prescribed medical days of leave 
following crashes, collisions or falls, we contribute to a more nuanced 
understanding of how urban interventions can affect commuting safety 
and worker well-being in a Latin American context.

3. Context and data

This study focuses on the Greater Santiago Metropolitan Area, the 
largest urban agglomeration in Chile. As of 2017, Santiago had a 
population of nearly 8 million inhabitants spread across an urban 
area of 867.75 square kilometers, comprising over 40 independent 
municipalities, with 45 within the urban core and the rest in the periph-
ery. The city’s transportation system is characterized by an integrated 
multimodal network with a nearly flat fare structure across the metro, 
urban buses, and one rail service, allowing up to three transfers within 
a two-hour window (Muñoz et al., 2014).

The data for this study comes from Mutual de Seguridad de la Cámara 
Chilena de la Construcción (MUSEG), one of the institutions overseen 
by the Superintendencia de Seguridad Social (SUSESO) that manages 
worker’s insurance. Under Chilean law, this mandatory insurance cov-
ers any traffic incident (crash, collision, or fall) that occurs during a 
worker’s commute between home and workplace, between multiple 
workplaces, or during work-related transportation.

While most traffic safety research relies on police records, our 
insurance-based dataset offers unique advantages: (1) mandatory re-
porting of all non-fatal work incidents requiring medical attention, 
regardless of severity; (2) detailed medical outcomes through pre-
scribed leave days, providing a consistent measure of incident severity 
that captures impacts on workers’ lives; and (3) consistent recording 
over a decade. However, the dataset has several limitations: it excludes 
fatal incidents (handled through a different system), covers only 31% 
of insured workers with potential biases toward formal employment 
sectors, and like most incident databases, lacks exposure data (such as 
kilometers traveled) that would enable more detailed risk analysis. To 
address some of these limitations, we compared incident patterns with 
Santiago’s travel survey and excluded incidents with extremely long 
medical leave periods (> 2 years) to avoid outlier effects (see Section 4 
for details on data representativeness analysis).

Our dataset spans a decade, encompassing 75.8 K work-related 
transportation incidents in the greater Santiago Metropolitan Area from 
2012 to 2021, all occurring on public roads during either commuting 
trips (to/from work) or work-related travel. The geographical infor-
mation in our records is organized by municipalities, which are the 
smallest administrative subdivisions in Chile (equivalent to districts or 
boroughs in other countries). Each record contains:

• Date and time of occurrence
• Number of prescribed medical days of leave
• Age and gender of the involved worker
• Type of vehicle used at the time of the event
• Municipality of the worker’s residence
• Municipality of the event
• Text description of the event location (usually street name or 
intersection)

• Municipality of the worker’s employer
Our dataset includes three types of incidents: (1) Traffic crashes 

between vehicles; (2) Collisions between vehicles and other road users; 
and (3) Falls during transportation (e.g., while boarding/alighting pub-
lic transport or cycling). All incidents in our analysis occurred on public 
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Fig. 1. (a) Monthly distribution of the number of crashes, collisions or falls. (b) Histogram of the number of incidents concerning the number of medical leave days. (c) Mean 
number of prescribed medical days of leave per month, with mean value annotations before and after Chile’s latest speed regulation law (August 4th, 2018).
roads during either commuting trips (to/from work) or work-related 
travel.

Fig.  1.a shows the monthly progression of event counts, indicating a 
positive trend, except for 2020, characterized by COVID-19 lockdowns.

The dataset contains non-fatal incidents only. We assess the severity 
of these incidents through the number of prescribed medical days 
of leave, reflecting the recovery time medical professionals deemed 
necessary for each injured worker (see Fig.  1.b for its distribution, with 
a mean of 24.19 days in the whole dataset).

A significant event within our study period is the implementation 
of a new speed limit regulation on August 4th, 2018, which reduced 
the urban speed limit from 60 km/h to 50 km/h (Gobierno de Chile, 
2019). We hypothesize that this law impacted the severity of injuries 
from traffic crashes, collisions or falls. The data suggests so, as the mean 
number of medical days of leave decreased from 25.76 before the law 
was in effect to 22.44 after the law was in effect (see Fig.  1.c).

This rich dataset allows us to examine work-related traffic crashes, 
collisions or falls in Santiago from multiple perspectives, including 
temporal trends, spatial patterns, and demographic factors. The 2018 
speed limit regulation provides a natural experiment to assess the 
impact of policy changes on event severity. In the following section, 
we detail our methodology for analyzing this data, including how we 
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assess its representativeness and our approach to quantifying the effect 
of the speed limit law on event severity.

4. Methodology

4.1. Data representativeness

To understand whether the work trips that resulted in transporta-
tion incidents follow similar spatial patterns as regular work trips 
in Santiago, we refer to the last official travel survey conducted in 
2012, known as EOD2012 (ECTRA, 2015). This survey collected data 
on travel behavior, including trip origins, destinations, and modes of 
transportation, as well as demographic information of the resident 
population. Using the worker’s municipality of residence as origin and 
municipality of workplace as destination, we calculate the Spearman 
correlation coefficient between origin–destination matrices built from 
both MUSEG and EOD2012 data: 
𝑟(𝑋, 𝑌 ) =

cov(𝑋𝑅, 𝑌𝑅)
𝜎𝑋𝑅

𝜎𝑌𝑅
, (1)

cov is the covariance, and 𝜎 is the standard deviation, applied to the 
rank-transformed versions of 𝑋 and 𝑌 , denoted by 𝑋𝑅 and 𝑌𝑅. We 
estimate the correlation between OD matrices at the municipal level, 
as the EOD2012 data represents this level.
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4.2. Exploratory analysis

We analyze the MUSEG data concerning modal share, demographic 
composition, and geographical association of incidents. We focus on the 
daily periods defined in EOD2012:

• Morning peak: 6AM to 9AM
• Morning valley : 9AM to Noon
• Lunch: Noon to 2PM
• Afternoon Valley : 2PM to 5:30PM
• Afternoon Peak: 5:30PM to 8:30PM
• Nigh Valley : 8:30PM to 11PM
• Night : 11 PM to 6 AM (next day)

We also explore the demographic composition of incidents with 
respect to gender and age and observe if there are trends regarding 
severity and that demographic composition.

We use the ArcGIS Application Programming Interface to geolocate 
each event. We queried the API with the reported name of the street 
and the reported name of the incident municipality. This provides a 
specific coordinate for each event that can be analyzed spatially. This 
also allows us to determine if incidents happened in rural or urban 
areas. Not all incidents will be geolocated, as sometimes the reported 
location may be ambiguous or not present of GIS databases.

We aggregate geolocated incidents and trip origins/destinations into 
a hexagonal grid with an edge length of approximately 1.4 km using 
the H3 system (Uber Technologies, Inc, 2024). To measure spatial 
associations between areas and modes of transportation in incidents, 
we use a log-odds ratio with an uninformative Dirichlet prior (Monroe 
et al., 2008). The log-odds ratio identifies areas where specific modes of 
transportation are over- or under-represented in incidents. Areas with 
few incidents but a high proportion of a specific mode (e.g., 4 out of 
5 incidents being cycling-related) could suggest meaningful patterns, 
but raw proportions and log-odds alone do not account for sampling 
variability. Using an uninformative Dirichlet prior provides the needed 
numerical stability in areas with few or no incidents of a particular 
mode, while adding minimal prior information to let patterns emerge 
naturally from the observations. The weighted log-odds ratio is defined 
as follows: 
𝛿𝑖−𝑗𝑤

𝜎2(𝛿𝑖−𝑗𝑤 )
, (2)

which is a standardized score of mode of transportation 𝑤 within cell 𝑖, 
with respect to all other cells, encoded as 𝑗. The elements 𝛿 and 𝜎 are 
defined as follows: 

𝛿𝑖−𝑗𝑤 = log(
𝑦𝑖𝑤 + 𝛼𝑤

𝑛𝑖 + 𝛼0 − (𝑦𝑖𝑤 + 𝛼𝑤)
) − log(

𝑦𝑗𝑤 + 𝛼𝑤
𝑛𝑗 + 𝛼0 − (𝑦𝑗𝑤 + 𝛼𝑤)

)

𝜎2(𝛿𝑖−𝑗𝑤 ) ≈ 1
𝑦𝑖𝑤 + 𝛼𝑤

+ 1
𝑦𝑗𝑤 + 𝛼𝑤

,
(3)

where 𝑦𝑖𝑤 is the observed number of incidents in mode 𝑤 within cell 𝑖, 𝑛𝑖
is the total number of incidents in cell 𝑖; conversely, here 𝑗 is interpreted 
as all other cells from the grid. The value of 𝛼𝑤, the prior parameter for 
the Dirichlet distribution, is set to 1 to be uninformative; 𝛼0 represents 
the sum of all prior parameters for each mode 𝑤, ∑𝑤 𝛼𝑤.

4.3. Speed limit law effects on prescribed medical leave

Since all analyzed incidents occurred on public roads during com-
muting or work-related transportation, they were potentially affected 
by the speed limit change through either direct (vehicle speed) or 
indirect (general traffic calming) effects.

We use prescribed medical days of leave as a proxy measure for 
injury severity — more severe injuries typically require longer recovery 
periods and thus more medical leave. While other severity measures 
exist (like AIS scales or hospitalization length), our dataset provides 
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medical leave as the primary indicator of how severely an incident 
impacted a worker’s health and ability to return to work.

The days of medical leave represent a highly skewed variable (see 
Fig.  1.b), making it unsuitable for typical statistical tests to compare 
means. Therefore, we use regression analysis, where the dependent 
variable is the number of prescribed medical days of leave, and the 
independent variables are the characteristics of the trip/event.

While count data is usually modeled with Poisson regression, our 
data violates the Poisson distribution’s assumption that the conditional 
mean equals the conditional variance. We use a Negative Binomial (NB) 
regression model (Cameron and Trivedi, 1986) to account for the over-
dispersion in our highly skewed medical leave data. The NB model 
probability density function is defined as: 

𝑓 (𝑦𝑖 ∣ 𝐱𝑖) =
𝛤 (𝑦𝑖 + 𝛼)
𝑦𝑖! 𝛤 (𝛼)

(

𝛼
𝛼 + 𝑢𝑖

)𝛼 ( 𝑢𝑖
𝛼 + 𝑢𝑖

)𝑦𝑖
, (4)

where 𝑦𝑖 is the medical days of leave, 𝐱𝑖 is the set of predictor variables, 
𝛤 (⋅) is the gamma function, and 𝛼 is the dispersion parameter. The 
conditional mean and variance are given by: 

𝐸(𝑦𝑖 ∣ 𝐱𝑖) = 𝑢𝑖 = exp(𝐱𝑇𝑖 𝜷);Var(𝑦𝑖 ∣ 𝐱𝑖) = 𝑢𝑖
(

1 + 1
𝛼
𝑢𝑖
)

. (5)

This choice of model is coherent with previous work on analyzing 
behavioral and spatial patterns in Santiago (Graells-Garrido et al., 
2017, 2023b).

We use only geolocated incidents for the regression analysis, as 
these can be assigned to urban or rural areas and to specific corridors 
where the speed limit law does not apply, such as highways. To ensure 
the representativeness of this subset, we compare the distribution of 
medical days of leave between geolocated and non-geolocated inci-
dents. If significant differences are found, we apply additional filtering 
to ensure comparability.

We focus on two specific periods for our analysis:

1. Pre-law period: 2018-01-01 to 2018-07-31
2. Post-law period: 2019-01-01 to 2019-07-31

These periods were chosen to ensure comparability and to isolate 
the effect of the speed limit law. We avoid using a more extended pre-
law period to prevent data imbalance. We also limit the post-law period 
to avoid confounding factors such as the social upheaval in Chile (from 
October 18th, 2019) and the COVID-19 pandemic.

To estimate the model parameters, including the 𝛽 regression coef-
ficients and the dispersion parameter 𝛼, we use Maximum likelihood 
estimation (Hilbe, 2011). The independent variables in our model 
include:

1. A boolean feature indicating whether the event occurred before 
or after the speed limit law implementation (our main variable 
of interest)

2. Mode of transportation (e.g., car, motorcycle, cycle, pedestrian)
3. Time of day (using the periods defined in the EOD2012 survey)
4. Day of the week
5. Age of the worker involved in the event
6. Gender of the worker
7. A boolean feature indicating whether the event occurred in a 
rural area or on a highway

By including these variables, we aim to control for potential con-
founding factors that influence event severity independently of the 
speed limit change. The time-based variables (time of day, day of week) 
help account for variations in traffic patterns, while the demographic 
factors (age, gender) control for individual characteristics that might 
affect event outcomes. The rural/highway variable allows us to differ-
entiate between areas directly affected by the urban speed limit change 
and those that were not.

We acknowledge that other unobserved factors may influence event 
severity during our study period. While our model cannot fully account 
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Fig. 2. Mode of transportation patterns. (a) A boxplot of prescribed medical days of leave in crashes, collisions, or falls with respect to mode of transportation. The midline in 
each box represents the median for that category. Outliers are not displayed. (b) Relative distribution of mode of transportation in incidents per year.
for all possible confounders, the relatively short timeframe of our 
before-and-after analysis and the inclusion of multiple control variables 
help mitigate some of these concerns.

5. Results

Our analysis of work-related transportation incidents in Santiago, 
Chile, revealed several interesting patterns across temporal, spatial, and 
demographic dimensions. We will present these findings, starting with 
the representativeness of our data, followed by exploratory analyses, 
and concluding with the results of our regression model examining the 
impact of the speed limit law.

5.1. Data representativeness

To assess how well our MUSEG dataset represents overall travel 
patterns in Santiago, we compared it to the EOD2012 survey data.

According to EOD2012, there are 1.88 million workers living in 
Santiago, who, on an average working day, perform 13.95 million trips, 
of which 18.7% are to-work trips, 2% are for-work trips, and 46% 
are to-home trips (with a fraction of these presumably mirroring work 
trips). We analyze the correlation between their home locations and 
work trips with those from MUSEG data. The Spearman correlation 
coefficient between the municipal home locations was 𝑟 = 0.85 (𝑝 <
0.001), and between the origin–destination matrices was 𝑟 = 0.69 (𝑝 <
0.001). These positive correlations suggests that about 85% and 69% 
respectively of the variability in the ranks of one dataset is explained 
by the relationship with the ranks of the other. This indicates that 
geographical location of worker’s homes and where they commute to 
observed in our MUSEG dataset largely align with the general patterns 
in Santiago, providing confidence in the representativeness of our data.

5.2. Mode of transportation and event severity

Our analysis of event severity by mode of transportation revealed 
notable differences (Fig.  2.a). Motorcycles, pedestrians and cycles were 
associated with the most severe incidents (44.45, 42.08 and 23.24 
prescribed medical leave days, respectively). This pattern underscores 
the vulnerability of these road users.

Examining the modal share of incidents over time (Fig.  2.b), we 
observed a consistent decline in public transport-related incidents (from 
29.84% in 2012 to 16.99% in 2021). Conversely, motorized and mo-
torcycle incidents showed an increasing trend (from 22.63% in 2012 
to 26.95% in 2021 for the former, and from 17.56% in 2012 to 
26.75% in 2021 for the latter). These shifts align with recent find-
ings on the evolution of modal share in Santiago, which indicate a 
growing preference for private modes of transportation like cars and 
motorcycles (Graells-Garrido et al., 2023a).
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5.3. Temporal patterns

The temporal distribution of incidents showed clear patterns
(Fig.  3.a). Incidents were more frequent at the start of the week 
(76.71% between Monday and Thursday), with a notable decrease 
during weekends (only 2.87% on Sunday). This pattern likely reflects 
the typical workweek structure, with fewer work-related trips occurring 
on weekends.

Most incidents in our dataset occurred during the morning peak
hours (50.47% of incidents, with a mean severity of 20.55 days of 
prescribed medical leave; see Fig.  3.b). This concentration can be 
attributed to the convergence of many workers starting their day at 
similar times. Interestingly, while the morning peak saw the highest 
frequency of incidents, night incidents (3.82%) were associated with 
greater severity (32.41 days of prescribed medical leave). This high 
concentration of incidents during morning peak hours likely reflects 
the rigid nature of work start times compared to more flexible evening 
departures. The greater severity of night incidents can be attributed to 
reduced visibility, higher vehicle speeds due to lower traffic volumes, 
and increased worker fatigue during night shifts. Studies of severe 
traffic injuries in the EU have found distinct temporal patterns, with 
afternoon and winter months being common times for severe pedestrian 
and car occupant injuries (Aarts et al., 2016).

5.4. Demographic patterns

Our analysis revealed significant gender differences in incident pat-
terns (Fig.  4). Female workers accounted for 37.42% of incidents in the 
MUSEG data, closely mirroring their 37% representation in the overall 
insured worker population (Mutual de Seguridad, 2023). Similarly, the 
EOD2012 survey reports 36% of commuting trips by female workers.

Gender disparities were evident in mode choice: males were in-
volved in 87.05% of motorcycle and 74.66% of cycle incidents, while 
females were involved in 56.57% of public transport incidents. These 
patterns echo gender differences observed in Santiago’s latest travel 
survey (ECTRA, 2015), contrasting the worker composition ascribed to 
MUSEG, where 63% is male and 37% is female.

The analysis of incident distribution across age groups (Fig.  4) re-
veals distinct modal patterns. For motorcycle incidents, the proportion 
decreases with age, from 0.28 in the 18–25 age group to 0.13 in the 
55–65 group. Conversely, public transportation incidents increase with 
age, from 0.23 to 0.33 in the same age ranges. Similar age-related 
increases are observed for pedestrian (0.06 to 0.09) and motorized 
incidents (0.16 to 0.21, peaking at 0.28 in the 35–45 age group). These 
shifts suggest age-dependent changes in transportation mode choice, 
though a detailed analysis of this relationship is beyond the scope of 
this study.

Regarding incident severity, we found that male workers tended to 
experience more severe incidents (Fig.  5). Similar gender differences 
in medical leave duration were found by Bermúdez et al. (2018). 
Additionally, incident severity increased with age for both genders. The 
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Fig. 3. Incident distribution per day of the week (panel (a)) and period of the day as defined by the last travel survey (panel (b)).
Fig. 4. Fraction of incidents per gender and age ranges (column-normalized).
detailed quantification of these demographic effects is presented in the 
regression analysis section. However, without exposure data (e.g., kilo-
meters traveled by gender), we cannot make conclusions about relative 
risk levels across demographic groups. The patterns described reflect 
incident characteristics rather than differential risk rates.

5.5. Spatial patterns

We geolocated 33.4 K (44.05%) incidents in the Santiago area from 
2012 to 2021. Our spatial analysis of incidents (Fig.  6.a) revealed a dis-
tribution that differed from both the origins (Fig.  6.b) and destinations 
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(Fig.  6.c) of commuting trips reported in the EOD2012 survey. This 
discrepancy is expected, as incidents can occur at any point during a 
commute, not just at trip endpoints.

When examining incident patterns by mode of transportation
(Fig.  7), we found interesting spatial associations. Cycle incidents 
clustered in zones with well-developed cycleways and significant poles 
of attraction for work-related trips. In contrast, motorized vehicles 
(e.g., cars) exhibited a stronger association with the city’s peripheral 
sectors. These areas serve either as trip generators or intermediate pass-
through zones, potentially leading to higher vehicle speeds compared to 
other city areas. Using log-odds ratios, we found cycle incidents were 
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Fig. 5. Age trends in the number of medical days of leave due to incidents, disaggregated by gender. The band surrounding each trend line encodes the 95% confidence interval.
Fig. 6. Spatial distributions of incidents in the MUSEG dataset (a), and commuting trip origins (b) and destinations (c) according to the EOD2012 dataset. Brighter colors encode 
a greater amount of incidents or trips. Black lines depict administrative boundaries for urban areas, having into account municipal boundaries.
more strongly associated with zones that have well-developed cycle-
ways and significant poles of attraction for work-related trips, though 
our analysis does not assess the relationship between infrastructure 
quality and safety. While this analysis shows relative concentrations of 
incidents, it cannot determine actual risk rates without exposure data 
(trips or kilometers traveled by mode in each zone).

5.6. Speed limit law effects

For our regression analysis, only 1.06% of the geolocated incidents 
occurred in rural areas, and 1.07% were located near highways, areas 
not directly impacted by the urban speed limit law.

Before proceeding with the regression, we compared the distribu-
tion of medical leave days between geolocated and non-geolocated 
incidents (Fig.  8). The distributions were similar for incidents resulting 
in up to two years of medical leave. Consequently, we excluded the 
small fraction of incidents (0.001%) with longer leave periods from 
our analysis. We also excluded taxi trips (1.32% of the dataset) due 
to their distinct distribution pattern. In total, we discarded 1.24% of 
observations according to this criteria.

Our final regression dataset comprised 4620 incidents from the first 
seven months of 2018 and 2019. We performed the regression analysis 
using Python with the statsmodels library (Seabold and Perktold, 2010). 
Table  1 presents the results of our Negative Binomial regression model.
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We calculated the marginal effects at the mean for each variable to 
ease interpretation of the results (Fig.  9). The marginal effect represents 
the change in the expected number of prescribed medical leave days 
for a one-unit change in the independent variable, holding all other 
variables constant at their mean values. For categorical variables, it 
represents the difference in expected days of leave when the variable 
is true versus false, or when compared to the reference category. A 
positive marginal effect implies more severe injuries, as it is associated 
with more prescribed days of medical leave.

The model revealed several significant factors influencing incident 
severity:

1. Mode of Transportation: Compared to motorized vehicles, cycles 
(marginal effect of 13.06 additional days of leave), motorcycles 
(26.94 days), and pedestrian trips (17.64 days) were associated 
with more severe injuries. This aligns with our exploratory find-
ings and highlights the vulnerability of these users, consistent 
with previous studies on risk (Miner et al., 2024; Mangones 
et al., 2024).

2. Demographics: Female workers tended to have less severe in-
juries (7.57 fewer days of leave on average). This gender dif-
ference in injury severity has been observed in other stud-
ies (DeJoy, 1992; González-Sánchez et al., 2021; Havet et al., 
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Fig. 7. Spatial associations with mode of transportation in each incident with cells from the H3 grid system. The association is defined as a log-odds ratio with an uninformative 
Dirichlet prior  (Monroe et al., 2008). Each mode of transportation has its own map: (a) Public Transportation and Private Buses; (b) Motorized Transport (private cars and other 
vehicles with four wheels); (c) Cycles (including bikes and scooters); (d) Motorcycles; (e) Pedestrian; and (f) Taxi, including shared cabs, which are used predominantly in the south 
of the city. Positive log-odds ratios, depicted in shades of orange, signify areas where incidents in the respective mode are more prevalent than expected. Conversely, negative 
ratios, depicted in shades of purple, indicate fewer incidents than anticipated.
Fig. 8. Complimentary cumulative density function of the number of medical days of leave, per mode of transportation. Each image compares the distribution of geolocated and 
non-geolocated incidents in the area of study.
2021). Age was also a significant factor, with each year associ-
ated with 0.57 additional days of leave, reflecting the increased 
vulnerability of older workers to severe injuries.

3. Time of Day: incidents during the afternoon valley (10.90 addi-
tional days), afternoon peak (5.52 days), and night (11.21 days) 
periods were associated with more severe injuries compared to 
the morning valley period, a result consistent with differences in 
driving at different periods of the day (Mohammadi, 2009) and 
in severity of incidents (Aarts et al., 2016).

4. Location: incidents in rural areas or on highways were more 
severe (9.07 additional days of leave), consistent with other 
studies (Cabrera-Arnau et al., 2020).
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5. Speed Limit Law: Importantly, our analysis showed that the 
speed limit law was associated with a decrease of 4.26 days 
in prescribed medical leave for incidents in urban areas. This 
suggests that the law had a positive impact on reducing injury 
severity in work-related transportation incidents.

These results, visualized in Fig.  9, provide valuable insights into 
the factors influencing injury severity in Santiago and the potential 
benefits of speed management policies in urban areas. The marginal 
effects allow us to quantify the relative impact of each factor on injury 
severity, providing a clear picture of which elements have the strongest 
influence on the length of medical leave following a work-related 
transportation incident.
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Table 1
Summary table of regression results in the Negative Binomial Regression.
 No. observations: 4620 Df residuals: 4602  
 Method: MLE Df Model: 17  
 Pseudo R-squ.: 0.01831 Log-Likelihood: −15341 
 converged: True LL-Null: −15627 
 Covariance Type: nonrobust LLR 𝑝-value: < 0.001 

 Coeff. S.E. 𝑧 𝑝 [0.025 0.975] 
 Intercept 1.4738 0.145 10.179 < 0.001 1.190 1.758  
 Female (w.r.t. Male) −0.3588 0.063 −5.718 < 0.001 −0.482 −0.236 
 Age (in years) 0.0269 0.002 11.083 < 0.001 0.022 0.032  
 Bikes & Scooters (w.r.t. Motorized) 0.6193 0.086 7.177 < 0.001 0.450 0.788  
 Pedestrian (w.r.t. Motorized) 0.8366 0.127 6.568 < 0.001 0.587 1.086  
 Motorcycle (w.r.t. Motorized) 1.2772 0.089 14.427 < 0.001 1.104 1.451  
 Public/Massive Transport (w.r.t. Motorized) −0.0174 0.081 −0.215 0.830 −0.176 0.141  
 Morning Peak (w.r.t. Morning Valley) −0.0921 0.098 −0.939 0.348 −0.284 0.100  
 Lunch Time (w.r.t. Morning Valley) 0.1192 0.151 0.790 0.429 −0.177 0.415  
 Afternoon Valley (w.r.t. Morning Valley) 0.5169 0.121 4.282 < 0.001 0.280 0.754  
 Afternoon Peak (w.r.t. Morning Valley) 0.2618 0.109 2.391 0.017 0.047 0.476  
 Night Valley (w.r.t. Morning Valley) 0.2629 0.183 1.436 0.151 −0.096 0.622  
 Night (w.r.t. Morning Valley) 0.5314 0.159 3.350 0.001 0.221 0.842  
 Friday (w.r.t. Monday-Thursday) −0.0751 0.082 −0.917 0.359 −0.236 0.085  
 Saturday (w.r.t. Monday-Thursday) 0.2153 0.123 1.754 0.079 −0.025 0.456  
 Sunday (w.r.t. Monday-Thursday) 0.1678 0.164 1.025 0.306 −0.153 0.489  
 Rural Area or Highway 0.4302 0.203 2.118 0.034 0.032 0.828  
 Speed Limit Law −0.2021 0.057 −3.534 < 0.001 −0.314 −0.090 
 𝛼 3.5531 0.076 47.048 < 0.001 3.405 3.701  
Fig. 9. Marginal effects at the mean of regression factors. Factors are grouped according to a high-level category. Their marginal effect is represented by a dot with error bars 
that represent the corresponding 95% confidence interval.
6. Conclusions

Our analysis of work-related transportation incidents in Santiago, 
Chile, over a decade, revealed significant patterns in incident occur-
rence and severity across temporal, spatial, and demographic dimen-
sions. These findings have important implications for urban planning, 
transportation policy, and workplace safety initiatives.

A key finding of our study is the impact of the 2018 urban speed 
limit reduction. This policy change was associated with a decrease in 
injury severity, with incidents requiring an average of 4.26 fewer days 
of medical leave. This result provides empirical support for the effec-
tiveness of speed management policies in improving road safety (Elvik, 
2012; Cleland et al., 2020; Milton et al., 2021). The observed increase 
in car usage in Santiago during the study period aligns with trends 
reported by Graells-Garrido et al. (2023a). This finding is particularly 
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significant as it provides evidence of speed limit effectiveness in a 
Latin American context, where such evaluations are scarce. While our 
results show an overall reduction in injury severity after the speed limit 
change, we cannot fully determine if the risk per user decreased for 
each mode of transportation. Changes in mode share during our study 
period mean that apparent reductions in incidents for certain modes 
could mask increased per-user risk if there were fewer total users of 
that mode. This is particularly relevant for vulnerable road users like 
pedestrians and cyclists.

The study identified motorcycles, cycles, and pedestrian trips as 
modes associated with more severe injuries compared to motorized 
vehicles. This vulnerability of certain users highlights the need for tar-
geted safety measures (Miner et al., 2024; Mangones et al., 2024). We 
observed gender differences in incident severity, with female workers 
experiencing less severe injuries on average. Older workers were more 
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likely to suffer more severe injuries (DeJoy, 1992; González-Sánchez 
et al., 2021; Elrud et al., 2019). These demographic factors suggest 
potential benefits from age and gender-specific safety interventions.

Temporal patterns emerged, with incidents during afternoon and 
night periods associated with more severe injuries, aligning with previ-
ous studies on severity factors (Aarts et al., 2016). Spatially, incidents 
in rural areas or on highways were more severe (Cabrera-Arnau et al., 
2020), indicating a need for tailored safety strategies for different road 
environments.

This research demonstrates the effectiveness of speed management 
policies in improving urban mobility and safety. Guzman et al. (2020) 
developed Sustainable Mobility Plans for organizations in Bogotá, high-
lighting the need for tailored strategies to address congestion and 
enhance safety in urban areas. The results have practical implications 
for policymakers and urban planners. The positive impact of the speed 
limit reduction supports expanding such policies in urban areas. The 
higher injury severity for certain road users calls for infrastructure im-
provements and safety measures to protect vulnerable groups. While we 
observed differences in incident patterns across demographic groups, 
additional research incorporating exposure data (e.g., from contempo-
rary travel surveys) would be needed to understand differential risks 
and design targeted interventions.

Integrating road safety into broader urban design strategies aligns 
with ‘safe system’ approaches to urban mobility (Wegman et al., 2012). 
A comprehensive approach to urban mobility safety should combine 
infrastructure improvements with education, enforcement, and policy 
measures (Banister, 2008). Future urban planning should consider these 
complex interactions to create safer urban environments.

Our study has limitations. The data comes from a single insurance 
provider, which may only partially represent some work-related inci-
dents in Santiago. Our dataset lacks exposure data (such as kilometers 
traveled by different demographic groups), which limits our analysis of 
differential risk patterns. Our analysis does not include fatal incidents, 
which may have different patterns and risk factors. Additionally, our 
dataset did not capture information about other vehicles involved in 
multi-vehicle incidents, preventing analysis of how different vehicle 
types contribute to injury severity. Studies have shown that larger 
vehicles pose disproportionate risks to other road users (Aldred et al., 
2021), suggesting this is a crucial aspect for understanding traffic 
safety. Future research could incorporate data from multiple sources, 
include fatal incidents, and examine vehicle interaction patterns for 
a more comprehensive analysis. Our analysis relied on geolocated 
incidents, although a relevant fraction of incidents were not geolocated. 
We analyzed a specific subset of geolocated incidents to ensure exper-
imental validity; however, future work could deepen the analysis by 
exploring individual administrative regions. In this case, all data could 
be used. Additionally, our spatial analysis cannot account for exposure 
levels by mode, preventing assessment of actual risk rates in different 
areas.

In conclusion, our findings highlight the complex relationship be-
tween urban design, transportation policy, and road safety. The demon-
strated impact of the speed limit reduction on injury severity illustrates 
how policy interventions can improve safety outcomes for all road 
users, even in the context of increasing car usage. Integrating these 
insights into urban planning and transportation policy can contribute 
to safer, more sustainable urban mobility.
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