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WINTER WEATHER CAN BE HARSH AS IT 
AFFECTS…

MOBILITY

SAFETY

$1 billion annually
Weather-related Collision Costs



$1.1 billion annually
Winter Road Maintenance Costs

5 million tonnes annually
Salt Applications



ONE POSSIBLE SOLUTION…
Road Weather Information System (RWIS)

Reduce WRM Cost

Improve 
Safety & Mobility

RWIS stations are costly 
and many gaps still exist...



AN IMPORTANT QUESTION

Where should we locate RWIS stations? 



THE CORE IDEA - OPTIMAL LOCATION

?Estimation
Estimation 

Uncertainty

*Kwon, T. J., Fu, L. (2017)
*Kwon, T. J., Fu, L., and Melles, S., (2016)

SPATIAL INFERENCE BASED APPROACH USING KRIGING*



Application: Alternate Planning Scenarios

Scenario 1: All-new optimal RWIS network
For evaluating the location quality of the current RWIS network

Scenario 2: Expansion of  current RWIS network 
For determining the location for additional RWIS stations



OPTIMIZATION IN ACTION – AN EXAMPLE



Scenario 1: 
All-new RWIS network

Minnesota Case

Scenario 2: 
Expansion of  RWIS network

Minnesota Case

*Kwon, T. J., Fu, L., and Melles, S., (2016)*Kwon, T. J., Fu, L. (2017)

SOLUTIONS GENERATED*



TESTIMONY FROM MINNESOTA DOT 

Jakin Koll, Mn/DOT Director of MDSS & Road/Weather Forecasting Coordinator



ANOTHER IMPORTANT QUESTION

How many RWIS stations should we deploy? 

Number of RWIS required may depend on 
topographic characteristics of regions

Hypothesis



TOPOGRAPHY BASED ANALYSIS

• Topographic Position Index (TPI)
• Difference between a cell elevation value and the average 

elevation of the neighborhood around that cell

Category

Flat/Plain (TPI < 10)

Hilly (10 < TPI < 30)

Mountainous (TPI > 30)



Case Studies



TPI BASED CLASSIFICATION
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RWIS DENSITY ANALYSIS CHART
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Marginal benefits decrease as the 
density increases

Optimal 
Density

Density
(# per 10,000km2)

Iowa 2.11
Minnesota 2.06

Kansas 2.54
Nebraska 2.93

Utah 4.02
Colorado 4.85



TPI vs. DENSITY (per 10,000km2)

y = 0.0517x + 1.7259
R² = 0.9624
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NEXT STEP

More case studies are currently underway…



DEMO https//www.LoRWIS.com
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