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Executive Summary

Understanding proximate causes and outcomes of traffic incidents relies on accurate data collection. The California
Highway Patrol (CHP) helps to monitor, manage, and maintain safety on California roadways, and their personnel are
often first to arrive at traffic incidents on highways, rural roads, and major arterials. The CHP publishes incident reports in
real-time, along with information about road conditions, natural disasters, etc., on the public CHP Traffic Incident
Information Page’, in part so that other agencies can monitor activity in their respective regions. These data are invaluable
because they capture the real-time communication between CHP officers (on the scene) and their dispatch center.
Unfortunately, only a partial set of these data are available for public download, and therefore they do not represent the
whole state.

Two official sources of data on traffic incidents occurring in California are: 1) the Statewide Integrated Traffic Records
System (SWITRS), which includes incidents leading to injury or death; and 2) the CHP Incident data on Caltrans’
Performance Measurement System, PeMS, which only includes incidents on state highways. Almost all traffic safety
researchers in California rely upon the post-processed SWITRS database, which provides substantial information about
crashes, but ~1/3 of records lack accurate location data, and all records lack detailed descriptions of events during the
incident, including the incident timeline. The Road Ecology Center at UC Davis has developed a third method to collect all
incident data that appear on the CHP site, and it has assembled them into a database called CHIPS, the California
Highway Incident Processing System. Started in February 2015, the database documents roadway incidents across a
variety of subject domains and shows temporal differences in roadway activity over time. We created CHIPS to capture
incident data in real-time directly from CHP field reports, because they contain the description of the incident, as well as
accurate location data.

CHIPS is a useful tool for transportation agencies and researchers because it is the most complete and accurate tool
currently available to collect, manage and query incident reports for events on California state highways and other roads
patrolled by the CHP. A comparative analysis indicated that the number of incidents recorded in a given period (i.e., 2018)
are similar in CHIPS and SWITRS but lower in PeMS, as expected, because PeMS provides only state highway incidents
(Figure ES-1). Also, many SWITRS records (e.g., 36% in 2018) lack or have inaccurate location information. However, these
problems may not be present in CHIPS, as the CHIPS incidents have locations that coincide with those in PeMS and/or
within the footprint of state highways and major rural roads. This agreement with road locations makes sense given that
the location data are automatically uploaded from the CHP vehicle’s GPS. A combination of SWITRS and CHIPS may
provide a database more complete and reliable than either one individually.

' hitps://cad.chp.ca.gov/
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Figure ES-1. Spatial comparison of CHIPS, PeMS, and SWITRS records for 2018.

We conducted three case studies in which CHIPS played an essential role. In the first, we investigated how the California
Governor’s “shelter-in-place” order to mitigate the spread of COVID-19 impacted the number of traffic crashes on state
highways. Because CHIPS data are automatically collected and managed in real-time, the case study results show the
immediate impacts of the shelter-in-place orders on traffic crashes. The resulting report is available online
(https://roadecology.ucdavis.edu/files/content/projects/COVID CHIPs Impacts updated

415.pdf). In the second case study, we convened a meeting with civil engineering, public health, and healthcare
professionals to consider systems that would track (non-personally identifiable) information from an accident through the
victims’ health outcomes. This would enable improved analyses linking crash site characteristics to health outcomes. In the
third case study, we expanded CHIPS to include information on incidents involving animals. We used a subset of these
data in a real-time “deer-vehicle-collision” map, which updates every 15 minutes and shows deer related incidents on
highways, as well as hotspots of collisions with large mammals.

Finally, we describe possible pathways forward for creating a more integrated system for collecting and analyzing crash
reporting across this arc from highway incidents to health outcomes. These potential improvements include the following:

e Identify and associate CHIPS records with their corresponding SWITRS records to improve the spatial and
temporal accuracy and completeness of SWITRS (and other) datasets

e Create an interactive data portal that would allow a general user to submit ad-hoc queries that would retrieve
only the type of data the user is seeking

e Create automated processes for continuing to retrieve, store, and manage data, as well as validate data quality
and completeness.

e Have the narrative details included by the CHP officer processed with tools that can help identify and “discover”
incidents when a search is performed.

Leveraging the California Highway Incident Processing System for Policy and Research
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Introduction

Analyzing proximal causes of traffic incidents requires accurate spatial location, temporal values, environmental
conditions, involved parties, and infrastructure information (Yan et al., 2017). Automated reporting of traffic incident
details is affected by legacy approaches to on-scene and post-hoc reporting of critical details, such as location, start and
clear times, environmental conditions, and road curvature/slope (Bejleri and Brown, 2014). This has led to proposals to
standardize data collection formats and to develop composites of incident information, including initial reporting of
incident details (Santiago-Chaparro et al., 2016) and automatically managing emergency responses using shared and
integrated computing services (Chen and Englund, 2018). With the advent of WAZE, a crowd-source method of reporting
roadway incidents, new sources of information are becoming available that improve the rapidity and completeness of data
collection about incidents both as they occur and in retrospect (Amin-Naseri et al., 2018; Young et al., 2019).

Jurisdictions have recently begun creating databases to capture important information associated with traffic crashes. For
example, San Francisco has TransBASE.org, to “serve as the central data repository for public health-related
transportation data” (Morris and Weir, 2016). This is the important first step in connecting crash incident data with health
outcomes, which is critical to accurately devise plans for reducing injury and fatal crashes. A study sponsored by the
National Highway Transportation Safety Administration (NHTSA) describes three primary methods to retrospectively
associate hospital/health record data with crash data: 1) deterministic linkage, where identifier codes associated with
incidents, emergency response, and hospital records can be associated to link the data; 2) probabilistic linkages, where
crash and health characteristics are known and in common among the crash and hospital datasets and can be used to
connect incidents with health outcomes; and 3) spatio-temporal linkage, which uses locational and temporal information
to associate crash and hospital records (Cherry et al., 2018). All methods can have unknown sources of uncertainty and
bias, and understanding and limiting these is key to developing linkages, until linkage is unnecessary due to the
implementation of a single unique identification system for crash victims that follows them through treatment, such as
that used in Oregon. Conderino et al. (2017) have demonstrated that it is possible to use probabilistic linkage analysis to
connect specific health outcomes with the related crash incidents. However, in that study only 52% of records could be
connected back to the original crash event.

The California Highway Patrol (CHP) monitors California roadways and manages most traffic crashes and hazards on the
major state and federal highways. Their incident reports tell the story of what happens on California’s roads and highways.
They are often first to arrive at the scene of an incident, and their narrative describes important event details and
observations. The descriptions cover officers’ observations and actions, and provide an accurate timeline of events. The
incident location is recorded automatically for an accurate geospatial reference.

The Road Ecology Center at UC Davis has been collecting all information posted to the CHP’s Incident Reporting Page
since February 2015 and storing them in a local database called the California Highway Incident Processing System
(CHIPS). CHIPS has collected over 4 million independent incident records since inception, and while this (currently-
private) database does not contain moving violations, it does include other daily CHP activities, including help following
traffic collisions, traffic management (such as lane closures), natural disaster response (floods, fires), and public safety
measures (during high wind or foggy conditions). All these data include CHP officer communication with their local
dispatch center, who timestamp each interaction. Examples include whether an ambulance was required or not (CHP code
1141), whether there is a possible fatality (code 1144), the types of vehicles involved in the accident, and the number of

Leveraging the California Highway Incident Processing System for Policy and Research
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lanes closed. Mining the records’ textual descriptions can yield a rich set of time-series data that can be invaluable to
traffic safety studies.

Recently, incident report narratives have been mined to obtain new information about incidents (Trueblood et al., 2019).
While the form-based fields that an officer completes offer a more structured approach to the data record, the narrative
they provide is an untapped resource which can yield critical details of the incident, and studying these details can shed
new light on traffic safety. While it can be a time-consuming process for an individual to read though narratives and
annotate them in a structured way for quick reference, there are text-based data mining tools which can do the work.

Caltrans publishes the CHP incident records in their Performance Measurement System (PeMS). However, as discussed
later in this report, when we compare these data to CHIPS data, they appear incomplete and in some cases the data
appear to be removed. Another public data source that contains California traffic accidents is the CHP published
Statewide Integrated Traffic Records System (SWITRS) database. While these post-processed records provide substantial
information about traffic incidents, about 1/3 lack accurate location data, and all lack narrative descriptions of the
incident. Compared to both of these public systems, CHIPS is more spatially-accurate and more complete. If there was a
way to integrate CHIPS and SWITRS records, then our understanding of health outcomes from traffic incidents would
improve.

We have identified several areas where CHIPS data can be invaluable to understanding the characteristics of California
highways and traffic safety. We present these instances as case studies showing how CHIPS data was used (or, in one case,
can be used) to improve our understanding of road conditions and highway safety. We propose that CHIPS is a viable
research instrument for state agencies, transportation planners, and academic researchers.

Including Stakeholders

Investigating traffic safety on California roadways includes a wide range of entities interested in proximate causes of
crashes, rates and costs of crashes, connection to policies (e.g., speed limits), and ultimately engineered solutions. We
decided to focus on the health and safety aspects of crashes and hosted a meeting of health-stakeholders on February 20,
2020 at the UC Davis Medical Center. Present at the meeting were representatives from UC Davis Medical Center,
California Department of Public Health, UC Davis Department of Civil and Environmental Engineering, and UC Davis Road
Ecology Center. While a California Highway Patrol representative was invited, they were not able to attend. We focused
the meeting on the reporting arc, from the initial incident to health outcomes for those affected. We gave a presentation
on CHIPS, highlighting the differences between CHIPS data and other publicly available data sources such as SWITRS,
PeMS, and Fatality Analysis Reporting System (FARS, https://www.nhtsa.gov/research-data/fatality-analysis-reporting-
system-fars). We led a round table discussion on how CHIPS could help solve the important problem of tracking crash
victims from the incident scene to and out of the hospital, in order to contribute to understanding rates, costs, and
ultimately solutions to crash impacts. We discussed possible solutions, including associating a unique code with a crash
victim from the accident scene that follows him/her into the medical and trauma systems so the characteristics of crashes
can be examined and connected to health outcomes.

Leveraging the California Highway Incident Processing System for Policy and Research
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Approach

The Mechanics of Incident Report Collection and Management with
CHIPS

CHIPS begins with a small program that copies the information posted on CHP’s public Traffic Incident Information Page
(https://cad.chp.ca.gov/) to a compatible data format which is then imported into a local database. This program uses a
method called “screen scraping” to extract these data and generates a delimited comma separated values (CSV) file. The
data posted to the CHP Incident website are only present for a short period, presumably while the CHP officer actively
works on the incident. The information gathered on each incident is continuously updated and time-stamped as dispatch
centers receive additional details. Once the incident is completed, it drops off of the list on the CHP Incident site. Because
of the temporary nature of these incident reports, the CHIPS program collects information every 15 minutes and either
updates its active records or creates new incidents on each subsequent run.

Once the real-time incident data has been extracted from the CHP site to a CSV file, they are uploaded to a Relational
Database Management System where queries can be issued against the data for more precise extraction. The records are
stored in a MariaDB database, with the table structure and indexes supporting a Drupal 7 website. Post-processing
techniques are used to remove serial record duplicates (e.g., sequential report updates from CHP officers) before using the
data. The web framework is set up to accumulate records and provide simple ways of viewing and extracting data. The
database also provides the storage system for an internal web data portal (written in Drupal 7), which allows Road Ecology
Center personnel to view individual records, and, importantly, annotate the data so new datasets can be assembled for
additional research. The web portal provides important data management features such as provenance (explicit recording
of how the incident record changes over time), record level editing (to annotate and/or clean up the data), and filtered
export of records that can be consumed by other services, such as an R model or an automatic query of incidents of a
specific type, such as deer-incidents, which appear on our real-time animal crash map. Each record contains: 1) a spatial
location, automatically recorded from the vehicle GPS device, as well as term-based location information; 2) the date and
timeline; 3) the “Type”, or category of incident; and 4) “Detailed Information”, which is the CHP officer’s narrative account
of the incident (Figure 1). The CHIPS portal adds the map to provide context for the incident.

Leveraging the California Highway Incident Processing System for Policy and Research
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Figure 1. A processed CHIPs record with CHP officer’s description of the event and a map added by the web-system.

In the example shown (Figure 1), the incident report is for a major collision between a vehicle and a bicycle. We know from
the code 1141 that an ambulance was called and from the incident type that the accident was not immediately fatal. We
can determine that the SB=Southbound lane closed for 20 minutes due to a fire, presumably due to the crash. The vehicle
could have been a Ford F150, an attribute that can potentially help when trying to link this CHIPS record with another
data source, such as SWITRS. (Note: SWITRS records will include the make and model of all vehicles involved in a collision.)
We can automatically discover these keywords (“fire,” “bicycle,” “Ford F150”) and use them to index the record within the
database for easier searching and discovery.

To save valuable time at the scene, CHP officers use a set of codes to facilitate describing the incident. For example, 1141
is the code that an ambulance was called to the scene of the accident. Besides the large set of numbered codes, many
officers will use a shorthand for descriptions, such as “MC” for motorcycle. Subjective observations are included in the
Detailed Information field and therefore the CHIPS record, but these are not included in SWITRS. Many of the coded and
consistent terms can be used as the basis for categorical and text-based queries and classification of records in CHIPS.
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Native Vocabularies

The CHP Traffic Incident Information Page uses two vocabularies that have been migrated to CHIPS. “Vocabulary” is a
term used in informatics describing terms that are consistently used to describe incidents. One vocabulary includes
California place names (area); the second vocabulary is composed of terms that describe the types and characteristics of
the incidents.

The area vocabulary provides a way to group incidents by the region in which they occurred. Many of these regions are
defined based on having a local CHP office that is responsible for that vicinity. There are currently 137 recognized area
names in the system. We have found that some CHP officers do not always enter this field correctly, so there might be an
issue with how this area vocabulary is populated. The Road Ecology Center has had to resolve some issues with this field
when it was not entered in a consistent manner.

The incident type vocabulary provides a way of classifying incidents into various types, including: Animal Hazard, Sig Alert,
Traffic Collision, Fatality, and 45 others (49 total). Incident types provide a rudimentary way of understanding the nature
of an incident without reading the full narrative description. Since CHP incidents can only have one incident type
associated with an incident, it can sometime change while the incident is being processed. For example, a “Major Traffic
Collision” incident could change to a “Fatality” if the crash was severe enough.

Please see Appendix A: CHIPS data summaries, for a listing of these two vocabularies and the number of incident records
associated with each term (to date).

Leveraging the California Highway Incident Processing System for Policy and Research
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Comparison with Other Systems

There are several formal systems that California uses to report crashes, especially those that result in injury or death to
drivers or passengers. Caltrans’ Performance Measurement System (PeMS; https://pems.dot.ca.gov) shares CHP incident
reports for state highways, the Statewide Integrated Traffic Records System (SWITRS, https://www.chp.ca.gov/programs-
services/services-information/switrs-internet-statewide-integrated-traffic-records-system), and the Fatality Analysis
Reporting System (FARS, https://www.nhtsa.gov/research-data/fatality-analysis-reporting-system-fars).

Since the start of this project, the CHP report data available on PeMS went from being a month or so out-of-date to being
close to real-time, with a ~1.5 hour delay. In addition, the “Detail” field in CHP reports was originally not available in
PeMS, but now it is, by clicking each incident id number. Some 