
World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

Learning Incident Prediction Models 
Over Large Geographical Areas for 

Emergency Response

Vanderbilt University
Sponsored by Tennessee Department of Transportation (TDOT) and  National Science Foundation

Sayyed Mohsen Vazirizade, Ayan Mukhopadhyay, Geoffrey Pettet, 
Said El Said, Hiba Baroud, Abhishek Dubey



World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

Emergency Response Management (ERM)



World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

Emergency Response Management (ERM)



World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

Problem Statement

• Respond efficiently to all incidents spread over a large geographical area with limited resources
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Our Approach: Proactive ERM Resource Allocation

Sense

Predict

Detect

Allocation

Dispatch

Observe the environment

Detect incidents in data streams before they are reported 

Forecast where and when incidents will occur based on current 
environment

Dynamically allocate (e.g., position) responders across the area 
based on predictions

When an incident is reported, quickly send a responder to 
service it 
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Background: Prediction Example
• We use survival analysis - a 

class of methods to find inter-
arrival times.

• Inter-arrival time: ti = xi – xi-1
• We use Maximum Likelihood 

Estimation to estimate 
parameters.

• However, even in this case we 
had to aggregate incidents 
within a grid and the 
prediction works over the 
grid. [sparsity is around 80 %].

• However, when we focus on 
key interstates:
• Due high to spatial and 

temporal granularity the 
sparsity levels become 
extremely high.

Incidents predicted by model for January 2019 Real incident distribution January 2019.
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Formalizing the Problem

• The goal is to design a function, 𝑓 (Y | X ,𝑤)
•Where Y represents a measure of incident, such as a count,
occurrence (presence of incidents during a specific time period,)
severity, etc.
• X represents the parameters regarding the model such as rainfall
and location of the segment.
•𝑤 paraments of the model we aim to adjust (usually using MLE.)
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Challenges
• Data Collection: Many factors are involved in road
accidents, which requires collecting various types of
data from assorted resources with different resolution
and quality.

• Data Integration: Due to the enormous size of data sets
and their incompatibility, combining them in is not
trivial.

• Sparsity: Although frequency of road accidents is high,
when viewed from the perspective of total time and
space, incidents are actually rare events.

• Irregular incident occurrence: Accidents are random in
nature, in particular in high spatial-temporal resolution.

• Resolution: While archiving a very high-resolution
prediction is virtually impossible, reducing the
resolution may cause aggregation bias and unobserved
heterogeneity. Therefore, resolution level should be
selected strategically and based the application of the
model.



World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

Collected Data
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Training

We use rolling windows for training.
Different models are evaluated based on the average of these 12 windows.
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Evaluation

Which model is 
better?



World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems

The available resources (responders) are spatially distributed according to 
historical events or accident prediction rate. 

Summary of the Problem
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The available resources (responders) are spatially distributed according to 
historical events or accident prediction rate. 

Number of Trucks:
1 2 3 4 5

Hotspot Model



Time

Unavailable

In a real scenario, the responders are ready to be dispatched. 
When an incident occurs, the closest available responder is dispatched, and it becomes unavailable for certain amount of time according 
to the distance it should travel. 
If the closest one is not available, the closest available responder is dispatched.
After completing the mission, the responder comes back to the station and becomes available. 
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Allocation

P-Median Problem

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 =+𝑑!,#𝑝!

Modified P-Median Problem

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 =+𝑑!,#𝑝! 𝑏#

𝑏#= ∑ %&!
∑ %!
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Model Clustering Resampling Acc. Prec. Rec. F1 Pear. Spear. α=0 α=0.5 α=1 α=2 α=0 α=0.5 α=1 α=2 α=0 α=0.5 α=1 α=2 0 0.5 1 2 0 0.5 1 2 0 0.5 1 2 0 0.5 1 2
95.5 3.8 4.2 4.0 82.1 60.8 39.48 38.44 43.21 45.35 26.29 25.78 27.34 26.78 19.29 19.43 20.36 23.12 0.54 0.49 0.48 0.46 0.02 0.01 0.01 0.01 15.00 14.00 14.00 16.00 2.00 1.00 1.00 2.00

No 
resampling

94.0 13.8 27.4 18.2 70.4 55.2 41.54 41.88 40.04 44.90 25.30 25.16 26.93 26.73 18.98 16.78 17.41 20.23 0.54 0.47 0.42 0.42 0.00 0.00 0.01 0.01 16.00 13.00 14.00 12.00 0.00 0.00 1.00 1.00

RUS 93.0 12.8 32.3 18.3 63.1 54.7 42.90 43.41 39.97 44.36 25.07 25.38 26.01 26.94 19.07 18.05 17.00 20.41 0.56 0.52 0.46 0.46 0.00 0.00 0.01 0.00 17.00 17.00 15.00 15.00 0.00 0.00 1.00 0.00
ROS 93.0 12.8 32.3 18.3 63.2 54.7 42.83 43.90 39.80 44.74 25.14 25.33 25.88 27.22 19.02 18.25 16.61 20.06 0.56 0.51 0.46 0.45 0.00 0.00 0.01 0.00 17.00 17.00 15.00 14.00 0.00 0.00 1.00 0.00
No sample 93.0 12.5 30.9 17.7 76.6 58.4 40.79 39.44 42.57 44.81 24.44 25.14 26.21 27.79 18.55 19.39 18.95 21.45 0.53 0.41 0.43 0.44 0.02 0.01 0.01 0.01 17.00 12.00 13.00 15.00 3.00 1.00 1.00 2.00
RUS 92.3 12.1 34.4 17.8 74.2 58.1 42.69 40.96 42.16 43.75 24.66 24.75 26.20 27.78 18.93 18.69 17.18 20.08 0.54 0.48 0.42 0.40 0.01 0.00 0.00 0.01 15.00 15.00 11.00 12.00 1.00 0.00 0.00 1.00

ROS 92.4 12.2 34.2 17.9 74.2 58.1 42.78 40.89 42.71 44.22 24.58 24.84 26.18 28.29 18.87 18.66 17.04 19.90 0.54 0.48 0.42 0.41 0.01 0.00 0.00 0.01 15.00 15.00 11.00 15.00 1.00 0.00 0.00 1.00

No 
resampling

94.9 19.2 32.8 24.0 71.7 58.5 37.04 39.12 39.21 43.13 22.35 23.57 24.74 26.69 15.70 16.44 17.52 20.33 0.45 0.40 0.43 0.40 0.01 0.00 0.01 0.01 12.00 11.00 11.00 11.00 1.00 0.00 1.00 1.00

RUS 95.0 19.2 32.6 24.1 73.2 59.3 37.44 39.07 37.83 43.84 22.24 23.85 24.97 27.64 16.40 16.21 17.05 20.27 0.47 0.41 0.43 0.45 0.00 0.01 0.01 0.01 12.00 11.00 11.00 12.00 0.00 1.00 1.00 1.00
ROS 94.9 19.1 32.8 23.9 69.3 54.7 37.32 37.71 39.86 43.21 21.57 23.15 24.32 26.61 15.70 15.81 17.23 20.33 0.46 0.41 0.42 0.43 0.00 0.00 0.00 0.01 12.00 11.00 11.00 13.00 0.00 0.00 0.00 1.00
No sample 95.0 19.0 31.6 23.7 75.6 58.9 39.32 39.88 39.61 43.09 23.18 23.96 24.58 27.34 17.46 17.15 17.00 20.16 0.44 0.40 0.42 0.42 0.00 0.00 0.00 0.00 15.00 12.00 12.00 14.00 0.00 0.00 0.00 0.00
RUS 94.7 18.4 32.7 23.3 73.1 54.6 39.79 39.61 39.99 45.08 22.92 24.72 25.32 27.75 16.20 17.10 17.71 21.23 0.48 0.45 0.42 0.42 0.01 0.01 0.01 0.02 12.00 11.00 11.00 12.00 1.00 1.00 1.00 2.00

ROS 94.7 18.3 33.1 23.3 74.5 55.4 38.60 38.24 40.66 45.50 22.23 23.78 25.04 27.40 16.31 16.89 18.00 20.81 0.48 0.41 0.44 0.41 0.00 0.00 0.00 0.01 13.00 11.00 14.00 11.00 0.00 0.00 0.00 1.00

No 
resampling

95.0 19.0 31.8 23.6 78.7 63.4 40.81 38.28 39.62 44.46 23.21 22.99 24.30 26.22 16.88 16.36 16.49 19.97 0.51 0.44 0.42 0.42 0.00 0.00 0.00 0.02 13.00 12.00 12.00 11.00 0.00 0.00 0.00 1.00

RUS 95.2 19.3 30.5 23.5 67.4 56.9 39.55 38.71 40.13 42.39 23.44 23.32 24.41 27.06 16.47 17.19 17.17 20.04 0.48 0.40 0.38 0.43 0.01 0.01 0.00 0.02 13.00 12.00 13.00 13.00 1.00 1.00 0.00 2.00
ROS 95.3 18.6 27.6 22.1 79.2 64.6 41.14 39.86 40.37 45.29 23.72 23.78 25.12 26.82 17.89 16.53 16.68 20.14 0.53 0.46 0.44 0.42 0.01 0.01 0.00 0.00 16.00 13.00 11.00 14.00 1.00 1.00 0.00 0.00

Class weights 95.4 20.6 30.4 24.4 77.1 62.5 39.79 39.46 39.91 44.58 23.14 23.14 24.09 26.56 16.24 16.51 17.68 20.04 0.46 0.41 0.40 0.41 0.01 0.01 0.00 0.01 12.00 11.00 12.00 12.00 1.00 1.00 0.00 1.00

No 
resampling

95.1 18.9 30.5 23.2 79.8 62.3 41.40 38.81 39.88 43.16 22.98 23.02 24.56 26.75 16.88 16.25 16.89 19.90 0.49 0.42 0.42 0.43 0.01 0.00 0.00 0.01 12.00 13.00 11.00 12.00 1.00 0.00 0.00 1.00

RUS 95.0 19.4 32.5 24.2 73.8 57.6 39.47 39.53 40.20 44.62 23.12 23.79 23.89 27.49 16.44 17.13 18.00 20.39 0.49 0.40 0.38 0.42 0.00 0.00 0.00 0.00 13.00 10.00 12.00 12.00 0.00 0.00 0.00 0.00
ROS 95.1 18.3 28.7 22.2 80.1 63.6 40.94 39.70 40.82 44.21 23.36 23.48 24.45 26.60 16.92 16.08 16.80 20.38 0.51 0.45 0.43 0.40 0.01 0.00 0.01 0.01 13.00 13.00 11.00 12.00 2.00 0.00 1.00 1.00

Class weights 95.4 20.6 30.4 24.4 77.1 62.5 39.53 38.50 40.95 45.12 23.54 23.54 23.94 27.58 16.29 17.34 18.12 20.37 0.48 0.38 0.38 0.41 0.01 0.00 0.00 0.01 12.00 10.00 10.00 12.00 1.00 0.00 0.00 1.00

No 
resampling

94.4 14.6 26.8 18.9 74.0 58.0 40.37 40.14 40.15 44.42 25.35 25.07 25.99 26.66 18.53 16.45 17.08 20.81 0.51 0.45 0.41 0.40 0.02 0.00 0.00 0.01 12.00 15.00 12.00 14.00 3.00 0.00 0.00 1.00

RUS 94.2 13.9 26.1 18.1 61.1 50.6 44.57 45.68 40.89 44.23 25.72 25.43 26.86 27.54 18.93 19.26 16.93 19.91 0.59 0.53 0.51 0.48 0.01 0.02 0.01 0.00 16.00 17.00 15.00 15.00 2.00 3.00 2.00 0.00
ROS 94.2 13.9 26.7 18.2 61.2 50.6 44.51 45.42 40.70 44.62 25.77 25.48 27.00 27.80 18.88 19.08 16.98 19.76 0.59 0.53 0.51 0.48 0.01 0.02 0.01 0.00 16.00 17.00 15.00 15.00 2.00 3.00 2.00 0.00

No 
resampling

93.1 13.1 31.9 18.5 77.6 61.8 39.35 41.08 40.12 44.97 24.17 24.66 26.42 27.26 18.06 18.40 18.91 20.92 0.47 0.45 0.42 0.37 0.02 0.00 0.01 0.01 13.00 15.00 12.00 12.00 3.00 0.00 1.00 1.00

RUS 93.0 12.7 30.8 S 74.2 57.1 43.46 41.76 42.50 45.17 24.67 26.08 26.56 28.36 19.36 19.85 17.47 21.08 0.55 0.48 0.49 0.46 0.00 0.01 0.00 0.01 16.00 13.00 15.00 12.00 0.00 1.00 0.00 1.00

ROS 93.0 12.8 30.9 18.0 74.3 57.0 43.57 41.31 42.71 45.08 24.77 26.13 26.41 28.52 19.32 20.02 17.29 20.98 0.57 0.49 0.48 0.45 0.00 0.01 0.00 0.01 17.00 13.00 15.00 12.00 0.00 1.00 0.00 1.00

Correl-
ation

Total travel distance of responders per accident  (km) Average number of unattended accidents Maximum number of unattended accidents
p =10 p=15 p=20 10 15 10 15

LR

No cluster

clustering

NN

No cluster

clustering

ZIP

No cluster

Tree

No cluster

clustering

Classification Metrics

clustering

Naive

Evaluation

Distance
p =10,15,20
α = 0, 0.5, 1, 2
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Model Clustering Resampling Acc. Prec. Rec. F1 Pear. Spear. α=0 α=0.5 α=1 α=2 α=0 α=0.5 α=1 α=2 α=0 α=0.5 α=1 α=2 0 0.5 1 2 0 0.5 1 2 0 0.5 1 2 0 0.5 1 2
95.5 3.8 4.2 4.0 82.1 60.8 39.48 38.44 43.21 45.35 26.29 25.78 27.34 26.78 19.29 19.43 20.36 23.12 0.54 0.49 0.48 0.46 0.02 0.01 0.01 0.01 15.00 14.00 14.00 16.00 2.00 1.00 1.00 2.00

No 
resampling

94.0 13.8 27.4 18.2 70.4 55.2 41.54 41.88 40.04 44.90 25.30 25.16 26.93 26.73 18.98 16.78 17.41 20.23 0.54 0.47 0.42 0.42 0.00 0.00 0.01 0.01 16.00 13.00 14.00 12.00 0.00 0.00 1.00 1.00

RUS 93.0 12.8 32.3 18.3 63.1 54.7 42.90 43.41 39.97 44.36 25.07 25.38 26.01 26.94 19.07 18.05 17.00 20.41 0.56 0.52 0.46 0.46 0.00 0.00 0.01 0.00 17.00 17.00 15.00 15.00 0.00 0.00 1.00 0.00
ROS 93.0 12.8 32.3 18.3 63.2 54.7 42.83 43.90 39.80 44.74 25.14 25.33 25.88 27.22 19.02 18.25 16.61 20.06 0.56 0.51 0.46 0.45 0.00 0.00 0.01 0.00 17.00 17.00 15.00 14.00 0.00 0.00 1.00 0.00
No sample 93.0 12.5 30.9 17.7 76.6 58.4 40.79 39.44 42.57 44.81 24.44 25.14 26.21 27.79 18.55 19.39 18.95 21.45 0.53 0.41 0.43 0.44 0.02 0.01 0.01 0.01 17.00 12.00 13.00 15.00 3.00 1.00 1.00 2.00
RUS 92.3 12.1 34.4 17.8 74.2 58.1 42.69 40.96 42.16 43.75 24.66 24.75 26.20 27.78 18.93 18.69 17.18 20.08 0.54 0.48 0.42 0.40 0.01 0.00 0.00 0.01 15.00 15.00 11.00 12.00 1.00 0.00 0.00 1.00

ROS 92.4 12.2 34.2 17.9 74.2 58.1 42.78 40.89 42.71 44.22 24.58 24.84 26.18 28.29 18.87 18.66 17.04 19.90 0.54 0.48 0.42 0.41 0.01 0.00 0.00 0.01 15.00 15.00 11.00 15.00 1.00 0.00 0.00 1.00

No 
resampling

94.9 19.2 32.8 24.0 71.7 58.5 37.04 39.12 39.21 43.13 22.35 23.57 24.74 26.69 15.70 16.44 17.52 20.33 0.45 0.40 0.43 0.40 0.01 0.00 0.01 0.01 12.00 11.00 11.00 11.00 1.00 0.00 1.00 1.00

RUS 95.0 19.2 32.6 24.1 73.2 59.3 37.44 39.07 37.83 43.84 22.24 23.85 24.97 27.64 16.40 16.21 17.05 20.27 0.47 0.41 0.43 0.45 0.00 0.01 0.01 0.01 12.00 11.00 11.00 12.00 0.00 1.00 1.00 1.00
ROS 94.9 19.1 32.8 23.9 69.3 54.7 37.32 37.71 39.86 43.21 21.57 23.15 24.32 26.61 15.70 15.81 17.23 20.33 0.46 0.41 0.42 0.43 0.00 0.00 0.00 0.01 12.00 11.00 11.00 13.00 0.00 0.00 0.00 1.00
No sample 95.0 19.0 31.6 23.7 75.6 58.9 39.32 39.88 39.61 43.09 23.18 23.96 24.58 27.34 17.46 17.15 17.00 20.16 0.44 0.40 0.42 0.42 0.00 0.00 0.00 0.00 15.00 12.00 12.00 14.00 0.00 0.00 0.00 0.00
RUS 94.7 18.4 32.7 23.3 73.1 54.6 39.79 39.61 39.99 45.08 22.92 24.72 25.32 27.75 16.20 17.10 17.71 21.23 0.48 0.45 0.42 0.42 0.01 0.01 0.01 0.02 12.00 11.00 11.00 12.00 1.00 1.00 1.00 2.00

ROS 94.7 18.3 33.1 23.3 74.5 55.4 38.60 38.24 40.66 45.50 22.23 23.78 25.04 27.40 16.31 16.89 18.00 20.81 0.48 0.41 0.44 0.41 0.00 0.00 0.00 0.01 13.00 11.00 14.00 11.00 0.00 0.00 0.00 1.00

No 
resampling

95.0 19.0 31.8 23.6 78.7 63.4 40.81 38.28 39.62 44.46 23.21 22.99 24.30 26.22 16.88 16.36 16.49 19.97 0.51 0.44 0.42 0.42 0.00 0.00 0.00 0.02 13.00 12.00 12.00 11.00 0.00 0.00 0.00 1.00

RUS 95.2 19.3 30.5 23.5 67.4 56.9 39.55 38.71 40.13 42.39 23.44 23.32 24.41 27.06 16.47 17.19 17.17 20.04 0.48 0.40 0.38 0.43 0.01 0.01 0.00 0.02 13.00 12.00 13.00 13.00 1.00 1.00 0.00 2.00
ROS 95.3 18.6 27.6 22.1 79.2 64.6 41.14 39.86 40.37 45.29 23.72 23.78 25.12 26.82 17.89 16.53 16.68 20.14 0.53 0.46 0.44 0.42 0.01 0.01 0.00 0.00 16.00 13.00 11.00 14.00 1.00 1.00 0.00 0.00

Class weights 95.4 20.6 30.4 24.4 77.1 62.5 39.79 39.46 39.91 44.58 23.14 23.14 24.09 26.56 16.24 16.51 17.68 20.04 0.46 0.41 0.40 0.41 0.01 0.01 0.00 0.01 12.00 11.00 12.00 12.00 1.00 1.00 0.00 1.00

No 
resampling

95.1 18.9 30.5 23.2 79.8 62.3 41.40 38.81 39.88 43.16 22.98 23.02 24.56 26.75 16.88 16.25 16.89 19.90 0.49 0.42 0.42 0.43 0.01 0.00 0.00 0.01 12.00 13.00 11.00 12.00 1.00 0.00 0.00 1.00

RUS 95.0 19.4 32.5 24.2 73.8 57.6 39.47 39.53 40.20 44.62 23.12 23.79 23.89 27.49 16.44 17.13 18.00 20.39 0.49 0.40 0.38 0.42 0.00 0.00 0.00 0.00 13.00 10.00 12.00 12.00 0.00 0.00 0.00 0.00
ROS 95.1 18.3 28.7 22.2 80.1 63.6 40.94 39.70 40.82 44.21 23.36 23.48 24.45 26.60 16.92 16.08 16.80 20.38 0.51 0.45 0.43 0.40 0.01 0.00 0.01 0.01 13.00 13.00 11.00 12.00 2.00 0.00 1.00 1.00

Class weights 95.4 20.6 30.4 24.4 77.1 62.5 39.53 38.50 40.95 45.12 23.54 23.54 23.94 27.58 16.29 17.34 18.12 20.37 0.48 0.38 0.38 0.41 0.01 0.00 0.00 0.01 12.00 10.00 10.00 12.00 1.00 0.00 0.00 1.00

No 
resampling

94.4 14.6 26.8 18.9 74.0 58.0 40.37 40.14 40.15 44.42 25.35 25.07 25.99 26.66 18.53 16.45 17.08 20.81 0.51 0.45 0.41 0.40 0.02 0.00 0.00 0.01 12.00 15.00 12.00 14.00 3.00 0.00 0.00 1.00

RUS 94.2 13.9 26.1 18.1 61.1 50.6 44.57 45.68 40.89 44.23 25.72 25.43 26.86 27.54 18.93 19.26 16.93 19.91 0.59 0.53 0.51 0.48 0.01 0.02 0.01 0.00 16.00 17.00 15.00 15.00 2.00 3.00 2.00 0.00
ROS 94.2 13.9 26.7 18.2 61.2 50.6 44.51 45.42 40.70 44.62 25.77 25.48 27.00 27.80 18.88 19.08 16.98 19.76 0.59 0.53 0.51 0.48 0.01 0.02 0.01 0.00 16.00 17.00 15.00 15.00 2.00 3.00 2.00 0.00

No 
resampling

93.1 13.1 31.9 18.5 77.6 61.8 39.35 41.08 40.12 44.97 24.17 24.66 26.42 27.26 18.06 18.40 18.91 20.92 0.47 0.45 0.42 0.37 0.02 0.00 0.01 0.01 13.00 15.00 12.00 12.00 3.00 0.00 1.00 1.00

RUS 93.0 12.7 30.8 S 74.2 57.1 43.46 41.76 42.50 45.17 24.67 26.08 26.56 28.36 19.36 19.85 17.47 21.08 0.55 0.48 0.49 0.46 0.00 0.01 0.00 0.01 16.00 13.00 15.00 12.00 0.00 1.00 0.00 1.00

ROS 93.0 12.8 30.9 18.0 74.3 57.0 43.57 41.31 42.71 45.08 24.77 26.13 26.41 28.52 19.32 20.02 17.29 20.98 0.57 0.49 0.48 0.45 0.00 0.01 0.00 0.01 17.00 13.00 15.00 12.00 0.00 1.00 0.00 1.00

Correl-
ation

Total travel distance of responders per accident  (km) Average number of unattended accidents Maximum number of unattended accidents
p =10 p=15 p=20 10 15 10 15

LR

No cluster

clustering

NN

No cluster

clustering

ZIP

No cluster

Tree

No cluster

clustering

Classification Metrics

clustering

Naive

Evaluation
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Model Clustering Resampling Acc. Prec. Rec. F1 Pear. Spear. α=0 α=0.5 α=1 α=2 α=0 α=0.5 α=1 α=2 α=0 α=0.5 α=1 α=2 0 0.5 1 2 0 0.5 1 2 0 0.5 1 2 0 0.5 1 2
95.5 3.8 4.2 4.0 82.1 60.8 39.48 38.44 43.21 45.35 26.29 25.78 27.34 26.78 19.29 19.43 20.36 23.12 0.54 0.49 0.48 0.46 0.02 0.01 0.01 0.01 15.00 14.00 14.00 16.00 2.00 1.00 1.00 2.00

No 
resampling

94.0 13.8 27.4 18.2 70.4 55.2 41.54 41.88 40.04 44.90 25.30 25.16 26.93 26.73 18.98 16.78 17.41 20.23 0.54 0.47 0.42 0.42 0.00 0.00 0.01 0.01 16.00 13.00 14.00 12.00 0.00 0.00 1.00 1.00

RUS 93.0 12.8 32.3 18.3 63.1 54.7 42.90 43.41 39.97 44.36 25.07 25.38 26.01 26.94 19.07 18.05 17.00 20.41 0.56 0.52 0.46 0.46 0.00 0.00 0.01 0.00 17.00 17.00 15.00 15.00 0.00 0.00 1.00 0.00
ROS 93.0 12.8 32.3 18.3 63.2 54.7 42.83 43.90 39.80 44.74 25.14 25.33 25.88 27.22 19.02 18.25 16.61 20.06 0.56 0.51 0.46 0.45 0.00 0.00 0.01 0.00 17.00 17.00 15.00 14.00 0.00 0.00 1.00 0.00
No sample 93.0 12.5 30.9 17.7 76.6 58.4 40.79 39.44 42.57 44.81 24.44 25.14 26.21 27.79 18.55 19.39 18.95 21.45 0.53 0.41 0.43 0.44 0.02 0.01 0.01 0.01 17.00 12.00 13.00 15.00 3.00 1.00 1.00 2.00
RUS 92.3 12.1 34.4 17.8 74.2 58.1 42.69 40.96 42.16 43.75 24.66 24.75 26.20 27.78 18.93 18.69 17.18 20.08 0.54 0.48 0.42 0.40 0.01 0.00 0.00 0.01 15.00 15.00 11.00 12.00 1.00 0.00 0.00 1.00

ROS 92.4 12.2 34.2 17.9 74.2 58.1 42.78 40.89 42.71 44.22 24.58 24.84 26.18 28.29 18.87 18.66 17.04 19.90 0.54 0.48 0.42 0.41 0.01 0.00 0.00 0.01 15.00 15.00 11.00 15.00 1.00 0.00 0.00 1.00

No 
resampling

94.9 19.2 32.8 24.0 71.7 58.5 37.04 39.12 39.21 43.13 22.35 23.57 24.74 26.69 15.70 16.44 17.52 20.33 0.45 0.40 0.43 0.40 0.01 0.00 0.01 0.01 12.00 11.00 11.00 11.00 1.00 0.00 1.00 1.00

RUS 95.0 19.2 32.6 24.1 73.2 59.3 37.44 39.07 37.83 43.84 22.24 23.85 24.97 27.64 16.40 16.21 17.05 20.27 0.47 0.41 0.43 0.45 0.00 0.01 0.01 0.01 12.00 11.00 11.00 12.00 0.00 1.00 1.00 1.00
ROS 94.9 19.1 32.8 23.9 69.3 54.7 37.32 37.71 39.86 43.21 21.57 23.15 24.32 26.61 15.70 15.81 17.23 20.33 0.46 0.41 0.42 0.43 0.00 0.00 0.00 0.01 12.00 11.00 11.00 13.00 0.00 0.00 0.00 1.00
No sample 95.0 19.0 31.6 23.7 75.6 58.9 39.32 39.88 39.61 43.09 23.18 23.96 24.58 27.34 17.46 17.15 17.00 20.16 0.44 0.40 0.42 0.42 0.00 0.00 0.00 0.00 15.00 12.00 12.00 14.00 0.00 0.00 0.00 0.00
RUS 94.7 18.4 32.7 23.3 73.1 54.6 39.79 39.61 39.99 45.08 22.92 24.72 25.32 27.75 16.20 17.10 17.71 21.23 0.48 0.45 0.42 0.42 0.01 0.01 0.01 0.02 12.00 11.00 11.00 12.00 1.00 1.00 1.00 2.00

ROS 94.7 18.3 33.1 23.3 74.5 55.4 38.60 38.24 40.66 45.50 22.23 23.78 25.04 27.40 16.31 16.89 18.00 20.81 0.48 0.41 0.44 0.41 0.00 0.00 0.00 0.01 13.00 11.00 14.00 11.00 0.00 0.00 0.00 1.00

No 
resampling

95.0 19.0 31.8 23.6 78.7 63.4 40.81 38.28 39.62 44.46 23.21 22.99 24.30 26.22 16.88 16.36 16.49 19.97 0.51 0.44 0.42 0.42 0.00 0.00 0.00 0.02 13.00 12.00 12.00 11.00 0.00 0.00 0.00 1.00

RUS 95.2 19.3 30.5 23.5 67.4 56.9 39.55 38.71 40.13 42.39 23.44 23.32 24.41 27.06 16.47 17.19 17.17 20.04 0.48 0.40 0.38 0.43 0.01 0.01 0.00 0.02 13.00 12.00 13.00 13.00 1.00 1.00 0.00 2.00
ROS 95.3 18.6 27.6 22.1 79.2 64.6 41.14 39.86 40.37 45.29 23.72 23.78 25.12 26.82 17.89 16.53 16.68 20.14 0.53 0.46 0.44 0.42 0.01 0.01 0.00 0.00 16.00 13.00 11.00 14.00 1.00 1.00 0.00 0.00

Class weights 95.4 20.6 30.4 24.4 77.1 62.5 39.79 39.46 39.91 44.58 23.14 23.14 24.09 26.56 16.24 16.51 17.68 20.04 0.46 0.41 0.40 0.41 0.01 0.01 0.00 0.01 12.00 11.00 12.00 12.00 1.00 1.00 0.00 1.00

No 
resampling

95.1 18.9 30.5 23.2 79.8 62.3 41.40 38.81 39.88 43.16 22.98 23.02 24.56 26.75 16.88 16.25 16.89 19.90 0.49 0.42 0.42 0.43 0.01 0.00 0.00 0.01 12.00 13.00 11.00 12.00 1.00 0.00 0.00 1.00

RUS 95.0 19.4 32.5 24.2 73.8 57.6 39.47 39.53 40.20 44.62 23.12 23.79 23.89 27.49 16.44 17.13 18.00 20.39 0.49 0.40 0.38 0.42 0.00 0.00 0.00 0.00 13.00 10.00 12.00 12.00 0.00 0.00 0.00 0.00
ROS 95.1 18.3 28.7 22.2 80.1 63.6 40.94 39.70 40.82 44.21 23.36 23.48 24.45 26.60 16.92 16.08 16.80 20.38 0.51 0.45 0.43 0.40 0.01 0.00 0.01 0.01 13.00 13.00 11.00 12.00 2.00 0.00 1.00 1.00

Class weights 95.4 20.6 30.4 24.4 77.1 62.5 39.53 38.50 40.95 45.12 23.54 23.54 23.94 27.58 16.29 17.34 18.12 20.37 0.48 0.38 0.38 0.41 0.01 0.00 0.00 0.01 12.00 10.00 10.00 12.00 1.00 0.00 0.00 1.00

No 
resampling

94.4 14.6 26.8 18.9 74.0 58.0 40.37 40.14 40.15 44.42 25.35 25.07 25.99 26.66 18.53 16.45 17.08 20.81 0.51 0.45 0.41 0.40 0.02 0.00 0.00 0.01 12.00 15.00 12.00 14.00 3.00 0.00 0.00 1.00

RUS 94.2 13.9 26.1 18.1 61.1 50.6 44.57 45.68 40.89 44.23 25.72 25.43 26.86 27.54 18.93 19.26 16.93 19.91 0.59 0.53 0.51 0.48 0.01 0.02 0.01 0.00 16.00 17.00 15.00 15.00 2.00 3.00 2.00 0.00
ROS 94.2 13.9 26.7 18.2 61.2 50.6 44.51 45.42 40.70 44.62 25.77 25.48 27.00 27.80 18.88 19.08 16.98 19.76 0.59 0.53 0.51 0.48 0.01 0.02 0.01 0.00 16.00 17.00 15.00 15.00 2.00 3.00 2.00 0.00

No 
resampling

93.1 13.1 31.9 18.5 77.6 61.8 39.35 41.08 40.12 44.97 24.17 24.66 26.42 27.26 18.06 18.40 18.91 20.92 0.47 0.45 0.42 0.37 0.02 0.00 0.01 0.01 13.00 15.00 12.00 12.00 3.00 0.00 1.00 1.00

RUS 93.0 12.7 30.8 S 74.2 57.1 43.46 41.76 42.50 45.17 24.67 26.08 26.56 28.36 19.36 19.85 17.47 21.08 0.55 0.48 0.49 0.46 0.00 0.01 0.00 0.01 16.00 13.00 15.00 12.00 0.00 1.00 0.00 1.00

ROS 93.0 12.8 30.9 18.0 74.3 57.0 43.57 41.31 42.71 45.08 24.77 26.13 26.41 28.52 19.32 20.02 17.29 20.98 0.57 0.49 0.48 0.45 0.00 0.01 0.00 0.01 17.00 13.00 15.00 12.00 0.00 1.00 0.00 1.00

Correl-
ation

Total travel distance of responders per accident  (km) Average number of unattended accidents Maximum number of unattended accidents
p =10 p=15 p=20 10 15 10 15

LR

No cluster

clustering

NN

No cluster

clustering

ZIP

No cluster

Tree

No cluster

clustering

Classification Metrics

clustering

Naive

Evaluation
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Model Clustering Resampling Acc. Prec. Rec. F1 Pear. Spear. α=0 α=0.5 α=1 α=2 α=0 α=0.5 α=1 α=2 α=0 α=0.5 α=1 α=2 0 0.5 1 2 0 0.5 1 2 0 0.5 1 2 0 0.5 1 2
95.5 3.8 4.2 4.0 82.1 60.8 39.48 38.44 43.21 45.35 26.29 25.78 27.34 26.78 19.29 19.43 20.36 23.12 0.54 0.49 0.48 0.46 0.02 0.01 0.01 0.01 15.00 14.00 14.00 16.00 2.00 1.00 1.00 2.00

No 
resampling

94.0 13.8 27.4 18.2 70.4 55.2 41.54 41.88 40.04 44.90 25.30 25.16 26.93 26.73 18.98 16.78 17.41 20.23 0.54 0.47 0.42 0.42 0.00 0.00 0.01 0.01 16.00 13.00 14.00 12.00 0.00 0.00 1.00 1.00

RUS 93.0 12.8 32.3 18.3 63.1 54.7 42.90 43.41 39.97 44.36 25.07 25.38 26.01 26.94 19.07 18.05 17.00 20.41 0.56 0.52 0.46 0.46 0.00 0.00 0.01 0.00 17.00 17.00 15.00 15.00 0.00 0.00 1.00 0.00
ROS 93.0 12.8 32.3 18.3 63.2 54.7 42.83 43.90 39.80 44.74 25.14 25.33 25.88 27.22 19.02 18.25 16.61 20.06 0.56 0.51 0.46 0.45 0.00 0.00 0.01 0.00 17.00 17.00 15.00 14.00 0.00 0.00 1.00 0.00
No sample 93.0 12.5 30.9 17.7 76.6 58.4 40.79 39.44 42.57 44.81 24.44 25.14 26.21 27.79 18.55 19.39 18.95 21.45 0.53 0.41 0.43 0.44 0.02 0.01 0.01 0.01 17.00 12.00 13.00 15.00 3.00 1.00 1.00 2.00
RUS 92.3 12.1 34.4 17.8 74.2 58.1 42.69 40.96 42.16 43.75 24.66 24.75 26.20 27.78 18.93 18.69 17.18 20.08 0.54 0.48 0.42 0.40 0.01 0.00 0.00 0.01 15.00 15.00 11.00 12.00 1.00 0.00 0.00 1.00

ROS 92.4 12.2 34.2 17.9 74.2 58.1 42.78 40.89 42.71 44.22 24.58 24.84 26.18 28.29 18.87 18.66 17.04 19.90 0.54 0.48 0.42 0.41 0.01 0.00 0.00 0.01 15.00 15.00 11.00 15.00 1.00 0.00 0.00 1.00

No 
resampling

94.9 19.2 32.8 24.0 71.7 58.5 37.04 39.12 39.21 43.13 22.35 23.57 24.74 26.69 15.70 16.44 17.52 20.33 0.45 0.40 0.43 0.40 0.01 0.00 0.01 0.01 12.00 11.00 11.00 11.00 1.00 0.00 1.00 1.00

RUS 95.0 19.2 32.6 24.1 73.2 59.3 37.44 39.07 37.83 43.84 22.24 23.85 24.97 27.64 16.40 16.21 17.05 20.27 0.47 0.41 0.43 0.45 0.00 0.01 0.01 0.01 12.00 11.00 11.00 12.00 0.00 1.00 1.00 1.00
ROS 94.9 19.1 32.8 23.9 69.3 54.7 37.32 37.71 39.86 43.21 21.57 23.15 24.32 26.61 15.70 15.81 17.23 20.33 0.46 0.41 0.42 0.43 0.00 0.00 0.00 0.01 12.00 11.00 11.00 13.00 0.00 0.00 0.00 1.00
No sample 95.0 19.0 31.6 23.7 75.6 58.9 39.32 39.88 39.61 43.09 23.18 23.96 24.58 27.34 17.46 17.15 17.00 20.16 0.44 0.40 0.42 0.42 0.00 0.00 0.00 0.00 15.00 12.00 12.00 14.00 0.00 0.00 0.00 0.00
RUS 94.7 18.4 32.7 23.3 73.1 54.6 39.79 39.61 39.99 45.08 22.92 24.72 25.32 27.75 16.20 17.10 17.71 21.23 0.48 0.45 0.42 0.42 0.01 0.01 0.01 0.02 12.00 11.00 11.00 12.00 1.00 1.00 1.00 2.00

ROS 94.7 18.3 33.1 23.3 74.5 55.4 38.60 38.24 40.66 45.50 22.23 23.78 25.04 27.40 16.31 16.89 18.00 20.81 0.48 0.41 0.44 0.41 0.00 0.00 0.00 0.01 13.00 11.00 14.00 11.00 0.00 0.00 0.00 1.00

No 
resampling

95.0 19.0 31.8 23.6 78.7 63.4 40.81 38.28 39.62 44.46 23.21 22.99 24.30 26.22 16.88 16.36 16.49 19.97 0.51 0.44 0.42 0.42 0.00 0.00 0.00 0.02 13.00 12.00 12.00 11.00 0.00 0.00 0.00 1.00

RUS 95.2 19.3 30.5 23.5 67.4 56.9 39.55 38.71 40.13 42.39 23.44 23.32 24.41 27.06 16.47 17.19 17.17 20.04 0.48 0.40 0.38 0.43 0.01 0.01 0.00 0.02 13.00 12.00 13.00 13.00 1.00 1.00 0.00 2.00
ROS 95.3 18.6 27.6 22.1 79.2 64.6 41.14 39.86 40.37 45.29 23.72 23.78 25.12 26.82 17.89 16.53 16.68 20.14 0.53 0.46 0.44 0.42 0.01 0.01 0.00 0.00 16.00 13.00 11.00 14.00 1.00 1.00 0.00 0.00

Class weights 95.4 20.6 30.4 24.4 77.1 62.5 39.79 39.46 39.91 44.58 23.14 23.14 24.09 26.56 16.24 16.51 17.68 20.04 0.46 0.41 0.40 0.41 0.01 0.01 0.00 0.01 12.00 11.00 12.00 12.00 1.00 1.00 0.00 1.00

No 
resampling

95.1 18.9 30.5 23.2 79.8 62.3 41.40 38.81 39.88 43.16 22.98 23.02 24.56 26.75 16.88 16.25 16.89 19.90 0.49 0.42 0.42 0.43 0.01 0.00 0.00 0.01 12.00 13.00 11.00 12.00 1.00 0.00 0.00 1.00

RUS 95.0 19.4 32.5 24.2 73.8 57.6 39.47 39.53 40.20 44.62 23.12 23.79 23.89 27.49 16.44 17.13 18.00 20.39 0.49 0.40 0.38 0.42 0.00 0.00 0.00 0.00 13.00 10.00 12.00 12.00 0.00 0.00 0.00 0.00
ROS 95.1 18.3 28.7 22.2 80.1 63.6 40.94 39.70 40.82 44.21 23.36 23.48 24.45 26.60 16.92 16.08 16.80 20.38 0.51 0.45 0.43 0.40 0.01 0.00 0.01 0.01 13.00 13.00 11.00 12.00 2.00 0.00 1.00 1.00

Class weights 95.4 20.6 30.4 24.4 77.1 62.5 39.53 38.50 40.95 45.12 23.54 23.54 23.94 27.58 16.29 17.34 18.12 20.37 0.48 0.38 0.38 0.41 0.01 0.00 0.00 0.01 12.00 10.00 10.00 12.00 1.00 0.00 0.00 1.00

No 
resampling

94.4 14.6 26.8 18.9 74.0 58.0 40.37 40.14 40.15 44.42 25.35 25.07 25.99 26.66 18.53 16.45 17.08 20.81 0.51 0.45 0.41 0.40 0.02 0.00 0.00 0.01 12.00 15.00 12.00 14.00 3.00 0.00 0.00 1.00

RUS 94.2 13.9 26.1 18.1 61.1 50.6 44.57 45.68 40.89 44.23 25.72 25.43 26.86 27.54 18.93 19.26 16.93 19.91 0.59 0.53 0.51 0.48 0.01 0.02 0.01 0.00 16.00 17.00 15.00 15.00 2.00 3.00 2.00 0.00
ROS 94.2 13.9 26.7 18.2 61.2 50.6 44.51 45.42 40.70 44.62 25.77 25.48 27.00 27.80 18.88 19.08 16.98 19.76 0.59 0.53 0.51 0.48 0.01 0.02 0.01 0.00 16.00 17.00 15.00 15.00 2.00 3.00 2.00 0.00

No 
resampling

93.1 13.1 31.9 18.5 77.6 61.8 39.35 41.08 40.12 44.97 24.17 24.66 26.42 27.26 18.06 18.40 18.91 20.92 0.47 0.45 0.42 0.37 0.02 0.00 0.01 0.01 13.00 15.00 12.00 12.00 3.00 0.00 1.00 1.00

RUS 93.0 12.7 30.8 S 74.2 57.1 43.46 41.76 42.50 45.17 24.67 26.08 26.56 28.36 19.36 19.85 17.47 21.08 0.55 0.48 0.49 0.46 0.00 0.01 0.00 0.01 16.00 13.00 15.00 12.00 0.00 1.00 0.00 1.00

ROS 93.0 12.8 30.9 18.0 74.3 57.0 43.57 41.31 42.71 45.08 24.77 26.13 26.41 28.52 19.32 20.02 17.29 20.98 0.57 0.49 0.48 0.45 0.00 0.01 0.00 0.01 17.00 13.00 15.00 12.00 0.00 1.00 0.00 1.00

Correl-
ation

Total travel distance of responders per accident  (km) Average number of unattended accidents Maximum number of unattended accidents
p =10 p=15 p=20 10 15 10 15

LR

No cluster

clustering

NN

No cluster

clustering

ZIP

No cluster

Tree

No cluster

clustering

Classification Metrics

clustering

Naive

Evaluation
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Evaluation of the Prediction Models in Real 
Scenarios



World-class, interdisciplinary research with global impact.
Institute for Software Integrated Systems
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Effect of Hyperparameter α

• As the fleet size increases, the influence of α decreases.
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Further Details

• https://arxiv.org/abs/2106.08307
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Thank you for your 
attention.


