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Abstract 

Routing of snow plow trucks at urban and regional levels encompasses a variety of complex decisions, 

especially for jurisdictions with heavy snowfall. The main activities include dispatching a fleet of service 

trucks (i.e., snow plow trucks) from a central depot and/or satellite facilities to clean and spread 

salt/chemicals on selected network links (a.k.a. snow routes). Besides, the random nature of winter 

maintenance demand, possibly due to uncertainties in snow accumulation and resource availability (e.g., 

truck failures, traffic congestion, etc.), often influences traffic service reliability and causes safety 

concerns. On the other hand, routing of service trucks can be affected by network design, e.g., number 

and location of satellite facilities that trucks visit during maintenance operations.  

This dissertation focuses on developing mathematical models and solution techniques for routing of 

service trucks and planning of resources and network design in large-scale urban areas. First, models for 

static snow route planning will be presented that simultaneously minimize the total operation time of all 

snow plow trucks (needed to serve a given set of snow routes with multiple plowing priorities) and 

balance cycle times among these trucks. Resource replenishment location and timing are also optimized 

while time-of-day congestion and traffic control delays are taken into consideration. A set of customized 

construction and local search methods are developed to effectively solve the problem. In addition, to 

address the impact of fleet size and operational uncertainty on service reliability, a set of dynamic models 

and solution methodologies is developed. The objective is to simultaneously minimize the cost for truck 

deadheading and repositioning, as well as to maximize the benefits (i.e., level of service) of plowing. The 

problem is formulated into a dynamic programming model and solved using an approximate dynamic 

programming (ADP) algorithm to improve computational tractability. Piece-wise linear functional 

approximations are used to estimate the value function of system states (i.e., snow plow trucks location 

over time). On the other hand, an integrated mathematical model is developed, which determines the near-

optimum number and location of the satellite replenishment facilities, near-optimal traffic assignment, 

snow plow trucks’ routing cost under near-optimal network design, and possible roadway capacity 

expansion. The objective is to minimize the total cost for satellite replenishment facility construction, 

transportation infrastructure expansion, transportation delay, and truck routing. A genetic algorithm (GA) 

framework (with embedded traffic assignment and continuous approximation (CA) algorithms) is 

developed.   

The proposed models and algorithms are illustrated via an empirical case study for Lake County, Illinois. 

The computational results show that the proposed modeling approaches are able to bring significant cost 

savings to winter snow maintenance activities. We also develop a state-of-art snow plow routing software 

with optimization modules and user-friendly GIS interfaces for snow route analysis and design.  

 


