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Two prerequisite knowledge:

1. DEM (Digital Elevation Models) Data
2. (Linear) Regression Model

Original research question: 
Which factor influence crash fatality most, road slope? 
Road curvature? Or other variables?

Future question: Where/which road could be more dangerous?



DEM Data
Digital Elevation Models, or DEMs, are
three-dimensional models of the “bare
earth” surface, showing elevation and
topography without trees, buildings, or
other objects. DEMs are created from a
variety of sources. USGS DEMs used to be
derived primarily from topographic maps.
Those are being systematically replaced
with DEMs derived from high-resolution
lidar and IfSAR (Alaska only) data.

https://www.earthdata.nasa.gov/topics/land-surface/digital-elevation-terrain-model-dem

https://apps.nationalmap.gov/downloader/
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Regression model

The model we use: Inhomogeneous Poisson 

point process

For today: Think it as a Linear regression

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1 + 𝜖𝑖 , 𝜖𝑖 ∼ 𝒩 0, 𝜎2

𝑌𝑖 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝜖𝑖, 𝜖𝑖 ∼ 𝒩 0, 𝜎2

People use Regression model for finding relationship, 

Inference, or prediction 

1) See how variables connect to each other.

2) See if a relationship is real or just luck.

3) Guess future numbers.



Inhomogeneous Poisson point 

process (IPPP)
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1. Why use Poisson?

Because we are dealing with counting rare, independent

events.

• No negatives, whole numbers only: You can observe

0,1,2,or 10trees or car crashes in an area, but never −3or

2.4.

• Natural fit for counts: The standard bell curve (Normal

distribution) assumes numbers can be negative and

continuous. The Poisson distribution is built specifically for

non-negative integers ( 0,1,2, … ) where occurrences

happen independently at a certain average rate.

2. Why use a Point Process?

Because the exact location 𝑥, 𝑦 of each event is the data

itself.

• In classic statistics, the locations are fixed first (like

choosing 50 pre-set weather stations) and then measuring

a value at each one (like temperature).

• In spatial point patterns (trees in a forest, disease cases in

a city, lightning strikes), the locations where things

appear are random and informative. A point process

models both how many events happen and where they

choose to appear across continuous space.

Log-Likelihood Function of IPPP

𝜆 𝑠 : intensity function, Represents the density or 

rate of event occurrence at position s.



Data & Data processing



DOT DATA

https://www.scdot.org/travel/travel-mappinggis.html
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Road Slope

https://pro.arcgis.com/en/pro-app/3.6/tool-

reference/spatial-analyst/how-slope-works.htm
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Road curvature

The radius of an equivalent circle
represents the road curvature at
a given point.

In practice, we approximate this
radius using the circle defined by
the three nearest neighboring
points along the road.

Curvature = 1/Radius



𝑌𝑖 (death) = 𝛽0 + 𝛽1𝑋1(𝑠𝑙𝑜𝑝𝑒) + 𝛽2𝑋2(𝑛𝑖𝑔ℎ𝑡) + ⋯+ 𝛽𝑛𝑋𝑛 + 𝜖𝑖 , 𝜖𝑖 ∼ 𝒩 0, 𝜎2



Results



Result: Fatal Intensity (λ) map





Result: Tables show 
how variable influence 
road fatal crash results



Paper link: https://www.sciencedirect.com/science/article/pii/S0143622826001633

https://www.sciencedirect.com/science/article/pii/S0143622826001633


Ongoing work







Deep learning model provide more accurate & better results.

However, the results would be less explainable.



Questions?
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   Y i =  𝛽 0 +  𝛽 1  X 1 +  𝜖 i ,    𝜖 i ∼ 𝒩  ( 0 ,  𝜎 2 )


   Y i =  𝛽 0 +  𝛽 1  X 1 +  𝛽 2  X 2 +  𝜖 i ,    𝜖 i ∼ 𝒩  ( 0 ,  𝜎 2 )


    𝐥 𝐨 𝐠 ⁡ 𝝀  ( 𝒔 ) =  𝜷 𝟎 +  𝜷 𝟏  𝑿 𝟏  ( 𝒔 ) + … +  𝜷 𝒑  𝑿 𝒑  ( 𝒔 ) = 𝑿    ( 𝒔 ) 𝑻 𝜷


    𝐥 𝐨 𝐠 ⁡ 𝑳  ( 𝜷 ) =   ∑  𝒊 = 𝟏 𝒏    𝐥 𝐨 𝐠 ⁡ 𝝀  (  𝒔 𝒊 ) −   ∫ 𝑾 𝝀  ( 𝒔 )   𝒅 𝒔


  =   ∑  𝒊 = 𝟏 𝒏 𝑿    (  𝒔 𝒊 ) 𝑻 𝜷 −   ∫ 𝑾    𝒆 𝒙 𝒑 ⁡   ( 𝑿    ( 𝒔 ) 𝑻 𝜷 )   𝒅 𝒔 )


   𝒀 𝒊 =  𝜷 𝟎 +  𝜷 𝟏  𝑿 𝟏 +  𝜷 𝟐  𝑿 𝟐 + … +  𝜷 𝒏  𝑿 𝒏
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   Y i   ( death ) =  𝛽 0 +  𝛽 1  X 1 ( s l o p e ) +  𝛽 2  X 2 ( n i g h t ) + … +  𝛽 n  X n +  𝜖 i ,    𝜖 i ∼ 𝒩  ( 0 ,  𝜎 2 )

