MnDOT Traffic Safety Data Analysis Project:
A Collaborative Project with HDR

Y Louans The Power of Prediction; An Innovative Traffic
ZERD Safety Tool to Help Prevent Traffic Crashes
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TSDA Project Model

Minnesota Roadway Fatalities
Source: MnDOT 03/03/2025
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What If we could
predict where and

when crashes are
most likely to occur?




TSDA Project Model

TRADITIONAL SYSTEMIC SAFETY APPROACH

“Traditional Safety Approach” N b
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* Detailed crash analysis to L
identify root factors

Other
(e.g., weather) Crash Contributing

Driver Characteristics Factors Analysis

° Rel ate root factors to implicitly Embedded in

infrastructure Elements

infrastructure conditions ._l

Infrastructure Elements Associated with Crashes

° Prlorltlze road Segments for 'UsedtoEs!abhshPriority{orfit-Rask Road Segments
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TSDA Project Model

Driver Characteristics
Approach

* Develop a predictive model
associlated with driver
characteristics

* Identify at-risk segments
based on driver
characteristics

 Determine interventions for
high-risk segments

DRIVER-BASED METHOD

Model

Probability of Fatal/Serious
Injury Crash by Segment

Negative-Binomial

Emergency @
ég Engineering Medical Enforcement
Services Co




Data from 2017-2023
One record for every road segment, day, hour

1. Introduce New Data 74,050,362 records in Database

 Average Vehicle Speed
9 P Roadway Weather Streetlight Speed gorﬁi?s
« Citation/Traffic Stops
e Driver Attributed Crash : Citations (State Crash Driver
Behavior el Geographic Highway Patrol) Factors

2. Use Sophisticated
Statistical Methods

. . . P(rls) o P(r); P(SiW)zC:P(C)P(wlc, )
 Rigorous application of -
advanced statistical /\O
techniques
(-w| c.r)o P(~w\c.r)o (vl
* Quantitative not
qualitative assessment of Artificial Intelligence
i Negative Binomial Bayesian Network
importance of each factor Machine Learning eorecsion” yesi w



Model Enables Risk Assignment
Directly Linked to Driver
Behaviors and Characteristics

* All three methods can be used to derive
probabilities/risk of fatal crashes

* AlI/ML model was too “black box” and hard to
Interpret

* General linear model and Bayesian Network
generated very similar results

- Very Low Risk
 Driver Behavior/Characteristics Driving Risk, not (Green)

- Medium (Yellow)
Infrastructure Very High Risk (Red)

Statistically Significant Predictors of Fatal/Severe Crashes

Functional Class * Number of Crashes involving an:

District « Older Driver - DUI

Younger Driver *+ Speed
Total Number of Crashes Unbelted Occupant
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If we know these driver-
based factors are at an
elevated severe crash

risk

F 7 We can be proactive
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Teen Driver Education

Predictive Fatal/Severe

Crash Risk Levels

| Crash Maps by Severity and Risk Factor

Selected Segment
Segment {SEG_ID],
{ROUTE_LABEL}

All Crashas
425
Unbslted Crashes

40 (F.4%)

OWI Crashes

23 (5.4%)

Speeding Crashes
114 (26.8%)
Young Driver Crashes
77 (18.1%)
Clder Driver Crashes
53 (12.5%)

Crash Severity

1 - Bavious  Falal Injury
2 « Wiinar Irgury

¥ - Possible injury

4 - Propaity Dissaga Only
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Crash Details and Characteristics
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Teen Driver Education

m-" Predictive Fatal/Severe

oeeasruent o Crash Risk Levels
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Teen Driver Education
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Crash Foresight Tool

Predictive Fatal/Severe

Tgi:AsRPT:RETT;I%FN CraSh RiSk Levels - State Patrol Stops Crashes vs Stops Ancillary Info/Engineering Layers

Segment Summary Statistics Segment Risk Levels Map ap Legen Map Filters
Segment Count Selection Segment Count Percentage Grand Forks Highway Segment Risk Level e DOT D1 .
2,236 1 ooo/o WA elect Mn ist.
SRRtk -All - %
out of 2,236 Total Segments of Total Segments T
R 3: 41-60%tile
Segment Length Selection Segment Length Percentage
: 4: 21-40%tile Select MnDOT Dist. Rank
14,266 Miles 100% slectMn Ll
. i 5: Lowest 20%tile -All - v
out of 14,266 Total Miles of Total Miles
All Crashes Selection All Crashes Percentage County Boundaries
Select County
56,096 100% . -
out of 56,096 Total Crashes of Total Crashes =
Severe Crashes Selection Severe Crashes Percentage MnDOT Districts
County Rank
2177 100% D “Al-
out of 2,177 Total Severe Crashes of Total Severe Crashes
Predicted # of Fatal/Severe Crashes in Next 5 Yrs | Est. Probability of >1 Fatal/Severe Crash in Next 5 State Patrol. Districts B SEEE,
elec ist.
1 '623 ¥ D -All - v
0.3 |
Hig y Segment Risk Leve f_} % Select SHP Dist. Rank
[ -All- 5
Segment ID F e Route Name 3 e Segment From H Segment To S Segment Length $ +++  Through Lanes F e Functional Class s+ AreaType &0
1,001 US 169 CSAH 18 Aitkin / Itasca CL 14.3846336996403 2 Principal Arterial - Other Rural

Select Hwy. Agency
'l'oWAHn 1,002 CSAH 10 MN 200 Alitkin / ltasca CL 2.246124721130053 2 Major Collector Riral -All- .
z E R o 1,003 CSAH 35 MN 65 Aitkin / Itasca CL 0.43252459349406536 2 Minor Collector Rural

qd @ s
Total: 2,236 | Selection: 0 O
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Crash Risk Levels

Segment Summary Statistics

Segment Count Selection

5

out of 2,236 Total Segments

Segment Length Selection

62 Miles
out of 14,266 Total Miles

All Crashes Selection

5,194
out of 56,096 Total Crashes

Severe Crashes Selection

76

out of 2,177 Total Severe Crashes

Predicted # of Fatal/Severe Crashes in Next 5 Yrs

53

Highway Segment Risk Level

Segment ID % +++  Route Name :
3,228 MN 210

3,662 MN 65

3,790 US 169

4
Total: 5 | Selection: 0

Segment Count Percentage

0.22%

of Total Segments

Segment Length Percentage

0.44%

of Total Miles

All Crashes Percentage

9.26%

of Total Crashes

Severe Crashes Percentage

3.49%

of Total Severe Crashes

Est. Probability of >1 Fatal/Severe Crash in Next 5
Yrs

0.92

Segment To

@
“

Segment From
MN 210 start of divided se...
Isanti / Anoka CL

us 10 CSAH 4

MN 210 end of divided se...

MN 65 start of divided seg...

State Patrol Stops Crashes vs Stops Ancillary Info/Engineering Layers

Segment Risk Levels Map
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Through Lanes

+ +++  Functional Class
Principal Arterial
Principal Arterial

Principal Arterial

Map Legend

Highway Segment Risk Level

1: Highest 20%

2: 61-80%tile

3: 41-60%tile

4: 21-40%tile

5: Lowest 20%tile

MnDOT Districts

&

State Patrol Districts

D

T EE
3 Area Type s .2

- Other Small Urban

- Other Small Urban

- Other

Minneapolis_St. Paul, MN o

Map Filters

Select MnDOT Dist.

®

3

Select MnDOT Dist. Rank

1-Top 1-5

Select County

- All -

County Rank

-All -

Select SHP Dist.

- All -

Select SHP Dist. Rank
- All -

Select Hwy. Agency
-All -
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Segment Summary Statistics

Segment Count Selection

5

out of 2,236 Total Segments

Segment Length Selection

62 Miles
out of 14,266 Total Miles

All Crashes Selection

2,069
out of 56,096 Total Crashes

Severe Crashes Selection

47

out of 2,177 Total Severe Crashes

Predicted # of Fatal/Severe Crashes in Next 5 Yrs

32

Highway Segment Risk Level

Segment ID % +++  Route Name B
3,220 MN 371

3,228 MN 210

3,237 MN 25

Segment Count Percentage

0.22%

of Total Segments

Segment Length Percentage

0.44%

of Total Miles

All Crashes Percentage

3.69%
of Total Crashes

Severe Crashes Percentage

2.16%

of Total Severe Crashes

Est. Probability of >1 Fatal/Severe Crash in Next 5

Yrs
0.86

Segment To

@

Segment From
MN 371B CSAH 77
MN 210 start of divided se...

Crow Wing / Morrison CL MN 210

MN 210 end of divided se...

State Patrol Stops Crashes vs Stops Ancillary Info/Engineering Layers

egment Risk Levels Map

Fillsbury
State
Fomst

——————

Mille Lack
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LT

k]

Segment Length % +++  Through Lanes T e
6.9293120406715385 4
8.444216771137617 4
16.08281471828885 2

.. ]

Total: 5 | Selection: 0

M

Functional Class

Principal Arterial -

Principal Arterial -

Minor Arterial

Map Legend

Highway Segment Risk Level

1: Highest 20%

2: 61-80%tile

3: 41-60%tile

4: 21-40%tile

5: Lowest 20%tile

County Boundaries

~

LI

MnDOT Districts

State Patrol Districts

F +++  AreaType
Other Small Urban
Other Small Urban

Small Urban
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Map Filters ¢

Select MnDOT Dist.
- All - v

Select MnDOT Dist. Rank
-All- v |

Select County

- All - v
County Rank
| - All- S |

Select SHP Dist.
2800 .

Select SHP Dist. Rank
1-Top 1-5 v‘

Select Hwy. Agency
-All - v|




m Predictive Fatal/Severe

T%ir;‘ASRPTOMRETNAT”%FN CraSh RiSk Levels Roadways 7 State Patrol Stops Crashes vs Stops Ancillary Info/Engineering Layers

Segment Summary Statistics Segment Risk Levels Map Map Legend Map Filters
Segment Count Selection Segment Count Percentage s Highway Segment Risk Level | '
5 0.22% el L2 h— Se etl:lt MnDOT Dist. ‘
: Al .
out of 2,236 Total Segments of Total Segments T
: 3: 41-60%tile
Segment Length Selection Segment Length Percentage
62 Miles 0.43% 4:21-40%tile Select MnDOT Dist. Rank
) 3 g 5: Lowest 20%tile | - All- .
out of 14,266 Total Miles of Total Miles
All Crashes Selection All Crashes Percentage 3 County Boundaries
Select County
541 0.96% ¥ ‘
| Morrison v
out of 56,096 Total Crashes of Total Crashes L
Severe Crashes Selection Severe Crashes Percentage MnDOT Districts
2 Lot Faie County Rank
17 0.78% bt D : !
G M 1-Top 1-5 v
out of 2,177 Total Severe Crashes of Total Severe Crashes i
;o : o5 et
Predicted # of Fatal/Severe Crashes in Next 5 Yrs | Est. Probability of >1 Fatal/Severe Crash in Next 5 K : State Patrol Districts . :
s '- _ %eLect SHP Dist.
18 0.78 : D -All - &
" fin ol o ‘
Highway Segment Risk Leve = < [ ‘ ) ‘ Select SHP Dist. Rank
| -All- &
Segment ID $ +++  Route Name $ +++  Segment From : Segment To $ =+ Segment Length + +++  Through Lanes s +++  Functional Class 3 +++  AreaType s ‘
3,246 us 10 Todd / Morrison CL Todd / Morrison CL 8.70825053094611 4 Principal Arterial - Other Rural
Select Hwy. Agency
3,289 us 10 CSAH 14 Todd / Morrison CL 11.902935440930813 4 Principal Arterial - Other Rural -All - b4
3,382 us 10 CSAH 34 CSAH 52 10.30095440846253 4 Principal Arterial - Other F... ~ Small Urban -
a »
O

Total: 5 | Selection: 0
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Segment Summary Statistics

Segment Count Selection

1

out of 2,236 Total Segments

Segment Length Selection

12 Miles
out of 14,266 Total Miles

All Crashes Selection

80
out of 56,096 Total Crashes

Severe Crashes Selection

3

out of 2,177 Total Severe Crashes

Predicted # of Fatal/Severe Crashes in Next 5 Yrs

3

Highway Segment Risk Level

@

Segment ID % +»+  Route Name

3,289 us 10

. ______________________________________________________________________________________________________________J

Total: 1 | Selection: 1

Segment Count Percentage

0.04%

of Total Segments

Segment Length Percentage

0.08%

of Total Miles

All Crashes Percentage

0.14%

of Total Crashes

Severe Crashes Percentage

0.14%

of Total Severe Crashes

Est. Probability of >1 Fatal/Severe Crash in Next 5
Yrs

0.76

@
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Segment ID: 3289

Segment Length

11.902935440930813
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Through Lanes

egment Risk Levels Map

Map Legend

rA Highway Segment Breaks
LJd

Highway Segment Risk Level

1: Highest 20%
— 2 61-80%tile

3: 41-60%tile

4: 21-40%tile

5: Lowest 20%tile

County Boundaries

~

V'l

MnDOT Districts
+
X XHAR,
State Patrol Districts
-
= ‘ ‘ X G ‘
Functional Class $ +++  AreaType
Principal Arterial - Other Rural

B

Map Filters ¢

Select MnDOT Dist.
- All - v

Select MnDOT Dist. Rank
-All- v |

Select County

Morrison v
County Rank
1-Top 1-5 G |

Select SHP Dist.
- All - v

Select SHP Dist. Rank
- All - " ‘

Select Hwy. Agency
-All- v|




m° Predictive Fatal/Severe

DEPARTMENT OF CraSh Risk Levels ‘ I = \‘ State Patrol Stops Crashes vs Stops Ancillary Info/Engineering Layers

TRANSPORTATION

Crash Totals by Severity/Risk Factor/Year Crash Details and Characteristics
Map 1: All Crashes Map 2: Unbelted Map 3: DWI Filtered Segment List
/ il / | J/
(i) | e | () b 3
LJd I { 5 } l LJ
i ; P ’ Segment ID: 3289
Gamp Ripkey Camp Ripley \ X Camp Riplay \ Route: US 10
Military Military LBE A L Milssary
Ressrvation Ressrvation Ressrvation
\ N
] J J
s hing Cushing
+ e + = +
Randall Rardall Rardall
& & N f Total: 1| Selection: 1
Map 4: Speeding Map 5: Young Drivers Map 6: Older Drivers
B Filter by Crash Severity
i 11 i
: o ] . il S| | Al v
1) L | L ] L L )
* = | |
amp Ripley CampRipRY  \ \ Crash Severity
% ': \ \ @ 1 - Serious / Fatal Injury
\ @ 2-Minor Injury
\ \ N © 3-Possible Inury
( ( @ 4- Property Damage Only
L a Highway Segment Risk Level by MnDOT District
—— 1: Highest 20%
Cushing — 2:61-80%tile
z 3: 41-60%tile
4:21-40%!lile
o+ z SF ns 5: Lowest 20%tile
Rardall Rardall Rardall
\ f {2 A
\ \ \
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Predictive Fatal/Severe
Crash Risk Levels

Crash Maps by Severity and Risk Factor

Selected Segment
Segment 3289, US 10

All Crashes
52
Unbelted Crashes

6 (8.8%)

DWI Crashes

5 (7.5%)

Speeding Crashes
21(33.8%)
Young Driver Crashes
13 (18.8%)
Older Driver Crashes
11 (21.3%)

Crash Severity
@® 1 - Property Damage Only
2 - Possible Injury
3 - Minor Injury
4 - Serious / Fatal Injury

® 00

State Patrol Stops Crashes vs Stops Ancillary Info/Engineering Layers

Crash Details and Characteristics

Chart 1: All Crashes Chart 2: Unbelted Chart 3: DWI
00 00 oo
00 00 oo
12 - 4 2
10
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2
2 1
4 1 1 1
4
4 2
1
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1 2
1
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2019 2020 201 2022 2023 2020 2022 2023 2020 2021 2022 2023
Chart 4: Speeding Chart 5: Young Drivers Chart 6: Older Drivers
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Predictive Fatal/Severe
Crash Risk Levels
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DEPARTMENT OF
TRANSPORTATION

Crash Maps by Severity and Risk Factor

Crash Totals by Severity/Risk Factor/Year

State Patrol Stops Crashes vs Stops Ancillary Info/Engineering Layers

Selected Segment

Segment 3289, US 10

Temporal Distributions

[ %]

Physical Conditions

[T

Crash Characteristics !

.
T
7

Chart 1: Hour of Day

A .
1
2
1
T T
13 15

1 1 1
T T
?

Bl
1 ¥
1 1
T T T
8 10 11 14 16 17 18 19 20

Chart 2: Day of Week

o0
Crash Severity
10
@ 1 - Property Damage Only
o 5 Mrorimy I
© 3 Minor Inury P — I —
. . 3 2 2 2
@ 4 - Serious / Fatal Injury
2 2 2 2 2
0 : I : : : :
_ 1-Sun 2 - Mon 3-Tue 4 Wed 5 -Thu 6 - Fri 7 -Sat
Chart 3: Month
oo
[=]=]
10
5 -
I e ll
4 I 2
2 ] | F]
U T T T T T T T
01 - Jan 02 - Feb 03 - Mar 04 - Apr 05 - May 0& - Jun 07 - Jul 08 - Aug 09 - Sep 10 - Oct 11 - Nov 12 - Dec




m Predictive Fatal/Severe

TE;'E‘LASRPT;!RET'H_ I%FN CraSh RiSk Levels State Patrol Stops Crashes vs Stops Ancillary Info/Engineering Layers

Crash Maps by Severity and Risk Factor Crash Totals by Severity/Risk Factor/Year
Selected Segment Chart 4: Lighting Condition
Segment 3289,US 10 o0
Temporal Distributions 20
Physical Conditions ’ ’ I
. a
0 T T T T
Crash Characteristics Dark (No Str Lights) Dark (Str Lights Off) Daylight Sunrise z-N/&
Chart 5: Weather Condition
oo
oo

Crash Severity
@ 1 - Property Damage Only
© 2 -Possible Injury
© 3 - Minor Injury 10 _ _
[ ]

4 - Serious / Fatal Injury 5 4

20

T T T
Blowing Sand/Soil/Dirt/Snow Clear Cloudy Rain Sleet/Hail (Freezing Rain/Drizzle) Snow 2-MN/A

Chart é: Road Surface Condition

v

) —
5 4
4

T T T
Dry lcedFrost Snow Wt z-N/A




m Predictive Fatal/Severe

DEPARTMENT OF
TRANSPORTATION

Crash Risk Levels

State Patrol Stops Crashes vs Stops Ancillary Info/Engineering Layers

Crash Maps by Severity and Risk Factor

Crash Totals by Severity/Risk Factor/Year

Selected Segment

Segment 3289,US 10

Temporal Distributions
Physical Conditions

Crash Characteristics

Crash Severity
@ 1 - Property Damage Only
0 2 - Possible Injury
Q@ 3 - Minor Injury
® 4 - Serious / Fatal Injury

Chart 7: First Harmful Event
[s]s}
[s]s}
: i
= 3
] 4
U T T T T T
Caollision Fixed Object Callision Person, MV, or Non-fixed Mon-callision Harmful Events MNan-Harmful Events z-N/A
Chart 8: Manner of Collision
o]}
[s1s}
20
12
] e —
0
Angle Front to Front Front to Rear Sideswipe - Same Dir z-N/A
Chart 9: Traffic Control Type
o]}
[sls}
20
9
5 s
U T T T T
No Controls Stop Sign Yield Sign z2-N/A
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Predictive Fatal/Severe

Crash Risk Levels

Crashes vs Stops Ancillary Info/Engineering Layers

State Patrol Stop Totals by Type and Year

State Patrol Stop Details and Characteristics

Map 1: All State Patrol Stops

Map 2: Seatbelt

Map 3: DWI

Filtered Segment List

Segment ID: 3289
Route: US 10

/ ' i =
\p=42 | | | et g
LdJd | | LoJ
\
Carip Ripley CampRipley  \
i e 12 \\ e \_\
] ]
Cuehirg whing s hing
@ it © + & +
Hardall Rardall - Rardall i
A {2y {2
Map 4: Speeding Map 5: Reckless Map 6: Distracted
i\ / | 7 i /
| rA | rA | rA
] J LdJ | J LdJd | L Jd
S A TR B N\
\ \
\ \| \
{ (
A A L
us hing s hing s hing
g + & + - +
Rardall a Rardali - Rardall
{2 A {2y

Total: 1 | Selection: 1

State Patrol Stops
= 1-Waming Only Stop
= 2 - Citation Only Stop
= 3. Both Citations and Waming
9 4 - No Citations, No Warnings
Highway Segment Risk Level by MnDOT District
— 1. Highest 20%
— 2: 61-80%tile
3: 41.60%tile
4: 21-40%tile
5: Lowest 20%tile
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TRANSPORTATION

Crash Risk Levels

Predictive Fatal/Severe

State Patrol Stop Maps by Type

Crashes vs Stops Ancillary Info/Engineering Layers

State Patrol Stop Details and Characteristics

Selected Segment Chart 1: All State Patrol Stops Chart 2: Seatbelt Chart 3: DWI
Segment 3289, US 10 oo oo oo
00 o0 oo
400 2.
All State Patrol Stops
10
1,258 300+
280
Seatbelt Stops
200
37 (2.94%) - |
DWI Stops 100 E p= -
96
7 (0.56%) ol |
24
0 o
Speeding StOpS ZUI'? 20:18 20:19 20I20 20I21 2DI22 20I23 2017 2018 2019 2020 2021 2022 2023 2017 2020 2021 2022 2023
Q,
261 (2075 /é) Chart 4: Speeding Chart 5: Reckless Chart 6: Distracted
Reckless Stops an oo -
00 oo oo
12 (0.95%) .
s 80
Distracted Stops
34
Q,
9 (0.72%) " a
2
State Patrol Stops |
2 1 -Warning Only Slop 40| =
= 2. Citation Only Stop
= 3 - Both Citations and Warning
@ 4 - No Citations, No Wamings 20 | ! !
0. : T 0. T T T T
2017 2018 2019 2020 2021 2020 2022 2023 2018 2019 2021 2022 2023
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Crash Risk Levels

Predictive Fatal/Severe

State Patrol Stop Maps by Type

State Patrol Stop Totals by Type and Year

Crashes vs Stops Ancillary Info/Engineering Layers

Selected Segment

Segment 3289,US 10

Chart 1: Day of Week

QQ
[s]s]
State Patrol Stops 00
o 1-Warning Only Stop i
. e Only Stop >0 -
= 3 - Both Citations and Warning B _
137
a 4 - No Citations, No Warnings 123 121 - ey
100 104
98
_ h
U T T T T T T T
1-Sun 2 -Mon 3 -Tue 4 - Wed 5 -Thu & -Fri 7 -Sat
Chart 2: Month
[s]s]
[s]s]

100
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- 74
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T
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T T T T
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Predictive Fatal/Severe
Crash Risk Levels

: Ancillary Info/Engineering Layers
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Crashes vs Stops Comparison Maps

Speeding Crash vs Stop Ratio

0.103 (10.34%)

DWI Crash vs Stop Ratio

0.857 (85.71%)

Unbelted Crash vs Stop Ratio

0.189(18.92%)
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Chart 2: DWI Crashes and Stops
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Chart 3: Unbelted Crashes v Stops
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Segment Summary Statistics

Segment Count Selection
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out of 2,236 Total Segments

Segment Length Selection

1,881 Miles
out of 14,266 Total Miles

All Crashes Selection
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out of 56,096 Total Crashes

Severe Crashes Selection

835

out of 2,177 Total Severe Crashes

Predicted # of Fatal/Severe Crashes in Next 5 Yrs

599

Highway Segment Risk Level

Segment ID T e Route Name N
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3,039 MN 371
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Severe Crashes Percentage
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Est. Probability of >1 Fatal/Severe Crash in Next 5
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