From Crash Data to Action: An Agentic Al Framework for Segment-Level
Crash Frequency Prediction
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Predict — explain — verify — act: an agentic Al that forecasts monthly crashes on every NJ Interstate segment, tells the engineer why, checks its own text, and learns from feedback.
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Fig. 2. The Al writes; calculation tools compute and check every number.
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5 Example: |-280 WB, MP 14.1-15.1, Dec 2019
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_ Fig. 4. Average error (MAE) by model and test; lower is better.
= 3.29 million NJ police crash reports, 2010-2022. o _ | | | | | |
m Strict matching: a crash is kept only if its location, route and travel direction all match a 1 3_2 3_27 Top 1 /0 Very h |g h ___ estsercoisang) e , - e oot et 2030
segment. predicted crashes 90% range of all segments risk class i SRR
m 61 factors in 8 groups: road design, traffic, crash history, crash types, season, driver .4
behavior, weather, facility. m N m
Main reasons (crash history) Road and crash-pattern reasons .«
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Fig. 1. Three tests on months the models never saw. ' '
3-month crash average = 17.0 fixed-object crashes = 4% m COVID years: ranking holds, but hotspots found drop from 93% to 81%; re-estimate
B x1.11 I < 1.35 after big changes.

3 Models compared

m New 2024 file: ranking holds (p = 0.90), but all models over-predict, as late-2024
reports are still incomplete; recalibrate first.

Fig. 3. How much each factor raises the expected crashes at this segment (SHAP).
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g ! When strong road factors are : o .
crashes (...) present: name the leading one volume and high road deflection = Accurate and explained: no trade-off between accuracy and reasons.

In y = offset + B, + 2, f,(x;), Yy~ NB(p, a)

truck measures - work-zone safety - high-
visibility enforcement - road safety audit

variable speed limits - truck measures - work-
zone safety - high-visibility enforcement
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saved as lesson FB-0001

m Trustworthy Al text: every number is checked before an engineer sees it.

m CGA-NB: one small neural network per factor group; their effects are added, so each
group’s share of the forecast is exact.

m Why CGA-NB: within 1% of the most accurate model (LightGBM) on validation data, and .~ PN Y,
it explains itself.

m Next: recover more crashes, add traffic and weather data, expert review, NJ
state highways.
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Learning without retraining: the lesson goes into the Al’s instructions; the forecast and its reasons do not change.
m Reasons as factors: x1.45 means 45% more expected crashes than a typical segment-

month (SHAP).
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