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Abstract  
 

This study analyzes snow maintenance data of Borlänge municipality of Sweden based on the 

data of 2017 to 2018. The goal of this study is to reduce operational overhead of snow 

maintenance, for example, fuel and time consumption of the snow maintenance vehicles, work 

hour of dedicated personnel, etc. Borlänge Energy equipped the snow maintenance vehicles 

with GPS devices which stored the record of the snow maintenance activities. The initial part 

of this study obtained insights out of the GPS data by using spatiotemporal data analysis. 

Derivation of the different snow maintenance treatments (plowing, sanding and salting) as well 

as the efficiency of the sub-contractors (companies which are responsible for snow 

maintenance) and inspectors (personnel who are liable to call the subcontractors if they think it 

is time for snow maintenance) are performed in the beginning of this study. The efficiency of 

the subcontractors and inspectors are measured to compare their performance with each other.  

The latter part of this study discusses a simulated annealing-based heuristics technique to find 

out optimal location for dispatching snow maintenance vehicles. In the existing system of snow 

maintenance, drivers of the maintenance vehicles decide to start location of maintenance work 

based on their experience and intuition, which might vary from one driver to another driver. 

The vehicle dispatch locations are calculated based on the availability of the vehicles. For 

example, if a subcontractor has three vehicles to perform snow maintenance on a specific road 

map, the proposed solution would suggest three locations to dispatch those vehicles.  

The purpose of finding the optimal dispatch location is to reduce the total travel distance of the 

maintenance vehicles, which yield less fuel and time consumption. The study result shows the 

average travel distance for 1, 3, and 5 vehicles on 15 road networks. The proposed solution 

would yield 18% less travel than the existing system of snow maintenance. 

 
Keyword: Snow maintenance, spatiotemporal data analysis, optimization, distance matrix, 
simulated annealing. 
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Chapter 1: Introduction 
 
A city runs smoothly by ensuring the proper supply of water, gas, transportation, electricity, 

telecom, and other essential utilities. To ensure an adequate supply of the utilities, a city needs 

to have an efficient plan for quick recovery from any disaster. Among all the urban 

infrastructures, the traffic system is one of the most crucial, and during snowing days, it can 

easily be vulnerable (Wang, J. & Liu, H. 2019). Therefore, in the northern part of the world, 

snow has been considered as a significant problem during the winter season. Sweden is a 

Scandinavian country in Northern Europe, where two-thirds of the of Sweden is in cold 

temperature zone. In the northern part of Sweden, the snow duration is almost more than six 

months, snow is formed at the beginning of October, and it does not melt until the end of May 

or June (Ihs, A., 2002). Snow maintenance has been a burning issue in northern cities, as it 

induces enormous cost and the quality of snow maintenance influences the efficiency and the 

capacity of the transport system, which could lead to adverse environmental and social impacts. 

 

Every year a budget is allocated from tax paying citizens for snow maintenance. Therefore, 

cities always need to evaluate their existing system for snow maintenance. Efficient 

management is essential for reducing the expense and allocate it in some other sectors. Not only 

in Sweden, snow maintenance has always been an expensive operation overall. For example, 

Canada spent 17 million Canadian Dollar for maintaining, on average 20 centimeters of snow 

in Montreal city in the year 2016-2017. Pittsburgh, an American city, spent 4.3M US dollar on 

consumable resources (deicing, sand) as well as 3.3 US dollar on personnel and 800 US dollar 

on the equipment during the winter of 2014-2015 (Kinable et al., 2016). These expenditures 

differ every year, depending on weather and snow rates. 

 

Snow maintenance in the winter season is a complicated task which depends on many 

parameters, for example – the population density, the topography of a region, the road network, 

the level of service policies, climate properties, length of the daylight and so on(Perrier et al., 

2006). This yields a complex set of operations; many of them are supposed to be carried out 

simultaneously. Changes in any of the operational tasks can play a significant role in designing 

an optimized way of snow maintenance (Perrier et al., 2007). Therefore, improving one step of 

a subtask could generate a different result than before, but as the overall operation depends on 

many parameters, some of them might not be influenced by the improvement of one sub-task. 

That is why improving an existing system of snow maintenance is always a challenging task. 
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In this study, a comprehensive interpretation of snow maintenance operation is derived from 

the GPS data. To reduce operational overhead, a heuristics-based solution is used to find out 

the optimal locations for vehicle dispatch. 

 
Borlänge, a midsize municipality in mid-Sweden is situated 220 km northwest of Stockholm. 

Borlänge Energy tries to ensure the pleasant urban environment for its dwellers by taking care 

of heating, electricity, water line, and waste disposal. In addition to that, Borlänge Energy is 

also taking care of the snow maintenance of Borlänge Municipality. Each year Borlänge Energy 

has to allocate a considerable budget for snow maintenance mainly due to snow volume and 

weather condition. In the year 2017-2018 Borlänge energy spent 5.3 million Swedish Kroner 

for snow maintenance whereas in the year 2018-2019 3.5 million Swedish Kroner was spent on 

maintaining the snow. 

 

This thesis is conducted with the collaboration of Borlänge Energy. In this study, data was 

collected by Borlänge Energy. During winter Borlänge energy tries to ensure a steady lifestyle 

for every citizen in Borlänge Municipality. They want to make sure that regular life does not 

hamper due to the snow. The existing system has been run since the last few years; therefore, 

recently, Borlänge Energy would like to investigate the efficiency of their current system as 

well as identify the shortcomings of the system. In addition to that, Borlänge Energy would like 

to see some other ways of optimizing the existing system so that it can adjust the operational 

overhead.  

 

Borlänge Energy hires subcontractors for snow cleaning during the winter season. The 

subcontractors started to work from mid-October and end in mid-May. During the study year 

of this project, a total of 7 subcontractors was hired by Borlänge Energy. Subcontractors have 

their vehicle(s) and equipment to do the snow maintenance. Each subcontractor is assigned with 

one or multiple roads based on the quotation they provided during the bidding. Each 

subcontractor manages at least one street, and a street is only maintained by one subcontractor.  

 

Each subcontractor has a certain number of vehicles and drivers, and the subcontractors operate 

independently. Drivers have their designated area to operate within Borlänge municipality. The 

drivers have been working for a long time, and they are not provided any specific route to 

follow. They use their experience to run the operations for snow maintenance, and the drivers 

are free to plan the snow maintenance route. Therefore, the human factor such as the experience 
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or expertise of the drivers in determining route influence the overall process of snow 

maintenance. The maintenance duration and travel distance of the vehicle can influence the 

overall operational efficiency and cost.  

 

In addition to that, Borlänge energy hires five inspectors who are primarily responsible for 

monitoring the snow conditions and call the subcontractors for conducting maintenance. The 

snow maintenance operation is depending on the snow depth. If snow depth is between 4 to 6 

centimeters, Borlänge energy gives priority to the bicycle paths and the city center area for 

snow maintenance. High traffic roads also get priority when the snow depth is around 5 

centimeters, and they also spread salt depending on the snow conditions.   

 

This thesis carried out with the collaboration of Borlänge Energy. To reduce operational 

overhead, this study evaluated the efficiency of the current system run by Borlänge Energy. 

Then it proposed a heuristics-based solution to identify the optimal location for vehicle 

dispatch, which would result in less total travel distance. Thus, the proposed system would 

optimize the operational overhead by reducing fuel consumption. The paper is organized in 

several chapters. The first chapter gives an overview of the research and the aim of this paper. 

The next chapter discusses previous research on snow maintenance. The section also talks about 

potential solutions for the efficient management of snow. Chapter 3 discusses the project 

background, data processing, and the methodology for evaluating the current system, also 

proposing solutions for optimizing the current system. Chapter 4 presents the analysis of the 

existing system through graphical representation and also shows the optimized solutions for 

reducing operational overhead. Chapter 5 gives an overview of the whole study and concludes 

the paper. 
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Chapter 2: Literature Review 
 
There have been many studies to improve snow maintenance operation. The objective of this 

study is to understand the snow maintenance problem of Borlänge municipality and to figure 

out possible scope of improvement of the existing snow maintenance process. According to 

Salazar et al. (2012) snow removal is an essential task of winter highway maintenance and 

performing snow maintenance is complex procedure, the overall operation is costly, and 

strategy for snow maintenance can be site-specific, that means a specific strategy for one 

municipality might not work on another municipality. The author introduced Synchronized Arc 

Routing Problem, which can occur if multiple vehicles perform snow maintenance over a 

multilane single road. If their path of snow plowing is not synchronized, there is a possibility 

to build snow mounds in the middle of the road. To avoid this problem, the Salazar et al. (2012) 

proposed a mixed integer formulation and an adaptive large neighborhood search heuristic. 

Then the performance was measured both for real data and artificial data. This study optimized 

the routing path of the snow maintenance vehicles, but the proposed solution did not try to 

optimize route by finding the optimal location of the vehicle dispatch. The depots were 

predefined and the routed were optimized. On the other hand, this study tries to find out vehicle 

dispatch location of which the overall snow maintenance would take less travel distance than 

an arbitrary predefined dispatch location. Adaptive large neighborhood search was used for 

routing optimization. On the contrary to Salazar et al., (2012), the author of this study used 

simulated annealing to optimize the travel distance. Another additional attribute of this study is 

to look into the scope of improvement of the performance of the subcontractor and inspectors.    

 

Xie et al., (2013) used genetic algorithm to develop a vehicle routing model for deicing salt 

spreading procedure. The developed heuristics was a genetic algorithm which was based on the 

road network structure, capacity and load balancing constraints. Similar as Salazar et al. (2012), 

this study also tried to optimize arc routing problem for snow maintenance. According to this 

study, maintenance of snow requires a decision from the strategic level, tactical level, 

operational level, and real-time level. In every level, the decision-making approach is different. 

During the strategic level, a long-term plan is made for snow maintenance. In tactical level, a 

short-term plan is decided, for example, allocation of machine and personnel for snow 

maintenance. In the operational level, the snow maintenance time is decided based on the 

weather conditions and snow depth. Basically, under this stage, the decision is made daily to 

mitigate the problem caused by snow or massive snow storm. Finally, in real time level decision 
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making based on the weather condition, availability of the snow maintenance car, and 

personnel. To develop a genetic algorithm based heuristics, Xie et al.(2013) developed a fitness 

function, which was used to calculate feasibility of generated solution. As it was a genetic 

algorithm-based solution, an initial population was generated, then the genetic operation was 

performed among the members of the population, crossover and mutation was used to generate 

newer solution (offspring of previous solution), a stop condition was used to stop reproduction. 

In the current study, the author used simulated annealing and instead of using a fitness function, 

the author used probabilistic approach to identify a generated solution as an acceptable one. 

Another difference of the current study with the work of Xie et al.(2013), is that this study 

concerns with snow plowing, sanding and salting, on the other hand, the discussed study dealt 

only with salting procedure.  

 

During the study, the author identified that several researchers worked on snow optimization in 

several ways. According to Fu et al. (2009), the optimization of winter road network 

maintenance based on real-time information. In that study, the authors developed a solution 

which can take real time weather data can generate optimal vehicle dispatch schedule. Unlike 

previously discussed research works, this study did not consider optimization of the vehicle 

routing path. It was assumed that the similar road can be covered by multiple vehicles. On the 

other hand, that study emphasized on the development of a scheduling algorithm, which could 

contribute to reduce snow maintenance cost. Using real-time data to optimize snow 

maintenance was a novel approach of that work. In this study, the data was static, and the 

objective was to make the maintenance vehicles travel as less as possible, which makes the 

vehicle route slightly mutually exclusive. In that perspective, this thesis derives a different 

solution than the solutions of Fu et al. (2009). But the idea of real time data analysis can be 

used as a future work of the proposed solution of this study.  

 

Perrier et al., (2008) considered on the method and designed algorithm for winter snow removal 

operations. According to Perrier et al., (2008), there were two typical methods of snow removal 

in urban road network: mechanical snow plowing and snow-melting agent spreading. Dussault 

et al., (2014), researched issue of the winter snow removing machinery, put forward an 

optimization goal that minimizing mileage of snow plowing in uphill to reduce the ice melting 

cost. Campbell (1995) studied the snow-melting agent spread optimization problem, put 

forward the temporary snow-melting agent spraying vehicle routing problem, enhanced 

durative of snow removal vehicle working hours, and shorten the total operation time.  A study 
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by (Holmberg, 2018) developed heuristics to solve the snow removal problem in the urban area. 

This research also developed a software tool which could be used to adjust parameters. One 

thing was noticeable in this research that the researcher assumed that all the vehicle has the 

same market price. The study was based on k-Chinese postman problem, which dealt with 

multiple links, and the goal is to find an optimum route. As this problem was an NP-hard 

problem, there were various heuristics solution to solve this problem (Razmara, 2004). The 

doctoral dissertation of Razmara (2004) focused on constructing the optimization model, and 

he developed methods for snow removal by studying both cases – while snowfall was 

happening and after the snowfall. This research was conducted to provide a theoretical model 

for the Swedish National Road Agency to solve the snow removal problem. A study was done 

by Holmberg (2018), and Razmara (2004) considered all the vehicles used for snow removal 

as a homogenous entity. Every road had its timeframe, and the study tried to identify the routes 

which would yield minimum cost. Finding the least costly route involved using Dantzig-Wolfe 

decomposition.  

 

Previous works also included measuring new distance approximation approach (Campbell et 

al., 2001). The goal of the study was to develop a model travel distance with the combination 

of accuracy of shortest path travel as well as distance approximation. The distance 

approximation was used side by side with a real-time interactive decision support system. The 

methodology comprised of two steps; one is to use a simple analytical model to approximate 

truck travel distance; another is to utilize the shortest distance algorithm. Both of these 

approaches were performed for snow maintenance on local streets as well as large highways in 

Montreal, Canada. The objective of the study of Campbell et al., (2001) was not to optimize the 

snow maintenance, but to develop a better distance approximation technique. The 

implementation of that distance approximation came as a by product of that research work. 

 

None of the previously discussed studies worked on the impact of vehicle dispatch location. 

And all of the studies were conducted outside of Borlänge, where demography and process 

were not the same as Borlänge. This thesis analyzes the snow-maintenance process of Borlänge 

municipality and proposed a heuristics-based solution from the GPS data of the snow 

maintenance vehicles. Another contribution of this thesis is the usage of modern GIS 

application to perform spatiotemporal data analysis. 
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Chapter 3: Methodology and Data 
 

3.1    Data 
 
Every vehicle was equipped with one GPS device, and it recorded data after small time 

intervals. The data was recorded by the GPS device, the recording starts as soon as the snow 

maintenance vehicle starts.  The recorded data comprises of longitudes and latitudes, start time, 

end time, speed, and snow maintenance treatment. To perform the snow maintenance, the 

Borlänge road network has been divided into three main areas. The first one is the local street 

and then bicycle street and finally priority street. Each street has been divided into several sub-

streets. A complete distribution of Borlänge road network is attached in appendix 2. The 

distribution of road network to different subcontractor is also attached in appendix 3. 

 

Three types of treatments are implemented by the snow maintenance vehicles - plowing, 

sanding and salting. Selection of treatment depended on the road types and the road conditions. 

Plowing, sanding happened in all three types of roads; however, salting happens only on the 

priority roads. During the plowing procedure, the appointed vehicle removes snow from the 

road and stack it to the nearby disposable places. In the sanding process, the car spreads pebble 

on the streets to make it less slippery. Borlänge Energy also spreads salt for deicing the snow.   

 

This thesis analyzes the GPS data collected from the vehicles used for plowing, sanding, and 

salting process. By analyzing the GPS data, the thesis measures the efficiency of the 

subcontractors and takes a look into the possible gap in the coordination and execution of the 

snow maintenance process. This paper is also going to propose a way of optimizing the 

operational overhead. 

At first, the GPS data was collected from the vehicle, and then the data was analyzed to identify 

the efficiency of the subcontractor and inspectors. The processed GPS data was then used for 

developing the optimization of the current process. At the end of the thesis, performance 

evaluation was measured to understand the overall optimization of the work. The following 

figure 1 is showing the overall work structure of this study. 
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Figure 1: Workflow of solution 

 
 
 

3.2 Spatiotemporal data analysis 
 

The derivation of the optimal location of vehicle dispatching required several steps to 

accomplish. Initially, the data from the GPS devices were interpreted as a meaningful entity. 

The GPS data included the longitude, latitude, and timestamp of the vehicles recorded at a 

specific interval along with the activity of the vehicle. A vehicle generated thousands of records 

every time it was dispatched to perform snow maintenance. That is why the first step of building 

a better snow maintenance system was to understand the data in a collective framework, that is 

how much area of different types of the road network was covered, type of activity performed 

on a road network as a form of snow maintenance. Different types of snow maintenance were 

associated with varying types of roads. For example, salting was done only on priority roads. 

This type of insights was valuable at understanding the collective meaning of the individual 
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GPS records received from several GPS devices. That is why, before evaluating the current 

system and performing optimization, the GPS data was interpreted to get the insight out of it. 

 

To understand the collective picture of the data and to identify the efficiency of the 

subcontractor and inspectors, spatiotemporal data analysis has been used. Spatiotemporal data 

is the data or information which identifies the geographic location of features or boundaries 

along with time information. Using spatiotemporal data analysis, the information about snow 

maintenance has been obtained for further measuring the efficiency also to identify the 

shortcomings of the current system.  

 

The spatiotemporal data needed to be analyzed to understand the work pattern of the 

subcontractor and inspector hired by Borlänge Energy. Therefore, fundamental data analysis 

has been done to understand the pattern of the work. After deriving collective insight from the 

GPS data, the efficiency of the subcontractor was measured. Then as a part of finding suitable 

locations to dispatch snow maintenance vehicles, a simulated algorithm was performed as a 

heuristics approach to reduce the travel distance of the vehicles. At the end of this chapter, the 

performance of the proposed simulated annealing method was measured by comparing actual 

data, simulated data, and simulated optimal data. 

 

 

Borlänge Energy provided the vector data for the year 2017 and 2018 and are in the format of 

shape file. There are entire 1284 files. The data has been named in the following way - 

GPS_17_GC_2_2018-01-30_03_00_38.  GC_2 means bicycle road 2, GPS 17 is the number of 

GPS device attached to a snow maintenance vehicle, and the rest of the part is the timestamp. 

It means this is the data from Bicycle street 2 and on January 30th, 2018 at 3.00 am 

subcontractor did some treatment on the roads.  
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3.3 Optimization  
 
Achieving optimization was another goal of this thesis as it can help to reduce the operational 

overhead of snow maintenance. In the current snow maintenance practice, the subcontractors 

were in charge of how many vehicles will be use. A roadmap is a road network consisting of 

multiple roads, but Borlänge Energy considers it as a single entity for snow maintenance. That 

means if a subcontractor is assigned to a road map, that subcontractor has to perform snow 

maintenance of all the roads of that road map. Borlänge municipality divides the whole road 

area into 15 roadmaps of the local streets, 5 bicycle roadmap of the bicycle streets and 2 priority 

road map with all the priority roads. The vehicles were being deployed randomly based on the 

road map provided by Borlänge Energy.  That means the drivers of the vehicles select their 

starting location of snow maintenance operation based on their intuition and experience. That 

is why, two different drivers may select different starting location for the same road map. As 

subcontractor planned their movement during snow maintenance; thus, in this study, a 

simulated annealing-based solution is suggested for minimizing the overall movement of snow 

maintenance vehicles.  

 

This solution has two major components. One component generates a distance matrix 

comprised of all major junctions of a roadmap. That implies the distance matrix gives a good 

measure of the distances among the points from one to another. Another component of this 

system takes the distance matrix as an input and selects some of those points based on the 

availability of the vehicles. Therefore, if a subcontractor had four vehicles available, the 

proposed solution would provide four optimal locations, from where the snow maintenance 

vehicles would be dispatched. The proposed methodology uses Dijkstra’s shortest path 

algorithm to calculate the nearest distance between two places, and then a python-based 

program is used to generate a distance matrix (Dijkstra, 1959). Finally, the heuristic approach 

simulated annealing is used to determine the preferred location of the vehicle dispatch. Figure 

2 is an overview of the proposed system. 
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Figure 2:Components of proposed solution 

 

The reason for using heuristics is to find an optimal solution. This is computationally NP-hard 

problem.  For a simple global optimization problem  

 

min {f(x)|x ϵ X} … … … (1) 

 

Here f(x) is a function which may consists of multiple solutions and a solution f(x*) is 

considered as optimal if  

f(x*) ≤ f(x) … … … (2) 

 

However, finding the optimal solution can be computationally expensive. In that case, a near 

optimal solution is used which can be derived in a minimum amount of time. This type of 

solutions can be achievable using heuristics. A list of optimal solutions is generated and the 

best of them is picked as the solution. To find out which area the vehicle can be dispatched, 

heuristics is used to identify optimal locations. Before performing optimization, a distance 

Road map

Dijasktra
Algorithm Distance matrix

Simulated 
annealing Optimal 

locations
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matrix has been created from the roadmaps, which is used as input to the optimization program. 

Borlänge Energy provides the map. Figure 3 is showing the map of bicycle road 1. 

 

 

 

 

 

 

 

 
 

                                        

 

Figure 3: Road map of bicycle road 1 

 

The whole idea behind optimization is to find the best place to dispatch a vehicle on the map. 

Finding accessible locations for a facility is a p – median problem. The theory behind p median 

problem is to identify the location of P facilities for N number of users, dij is the distance from 

one user to one facility, where ‘i’ is the location of the user and U is the complete set of user-

locations and j is the location of the facility. The value of j belongs to the set J, which is the set 

of the location of the facility. The goal is to minimize the sum of these distances, which yields 

the transportation costs.  

(min)& mind()
	

(+,,)+.
……………(3) 

 
 

The optimization receives a distance matrix as input. A distance matrix is a square matrix based 

on the distance among the nodes of a connected graph. If there are multiple paths to go from 

one location to another, we used Dijkstra’s shortest path algorithm (Dijkstra, 1959) to select a 

distance between two points. In this study, the problem domain for snow maintenance operation 
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consists of road networks. Therefore, in the case of two location point, there are three 

possibilities. One is that they are directly connected with each other; they can be connected 

with each other via another point. The weight on the edge of a graph was calculated by the 

distance from their coordinate.  

 

Every road map was assigned by points; most of them are the locations where many roads are 

connected. The points were assigned based on the end points and junctions of a road map. For 

example, after assigning points, the bicycle road 1 would look like figure 4. 

 

 
      Figure 4: Road map of bicycle street 1 

The first step of building a distance matrix from this point was to label them with identifier, in 

this case numbers were used like 1,2,3 etc. In figure 5, row number 1 and column number 3 of 

the distance matrix indicated the distance between the point labeled with number 1 and labeled 

number 3.  
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Figure 5: Partial distance matrix for Bicycle street 1 

If two points are connected via other points, the total distance of the intermediate distances was 

calculated. If there were multiple paths from two points, Dijkstra's algorithm was used to 

calculate the minimum distance. In the beginning, the roadmap data was fed into the "distance 

matrix generator program" That data consists of the longitude, latitude of the connected nodes 

of the map. The number of nodes of a map included all the endpoints and junctions of the 

roadmap. If there is no connection between two points, the distance was not considered in the 

distance matrix. If one point was connected to another point, there could be multiple situations- 

1.    One point could be directly connected with another point  

2.    One point could be connected with another point via intermediate point or points  

3.    Finally, there could be multiple lines connected one point to another. 

 In all of the cases, Dijkstra's shortest path algorithm was used to find out the shortest distance 

between two points. 

 

The second part of the system uses the distance matrix as input and then performs simulated 

annealing as a heuristic approach to derive optimal location for vehicle dispatch. If the solution 

space is so big that finding an optimal solution requires lots of computation. The advantage of 

this approach over other solving methods is to avoid local minima. 
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Figure 6: Simulated Annealing Algorithm (Simulated Annealing, 2019) 

 
 
 
The optimal locations are the place where the vehicles are getting dispatched. In this study, the 

proposition is that the number of optimal locations depends on the availability of the vehicles. 

Therefore, if there are four vehicles available for bicycle road 2, there would be four optimal 

locations. The idea behind using an optimal location is that a set of optimal locations would 

cause less travel for the vehicles. The algorithm of finding an optimal location is like the 

following: 

 

Step 1: Retrieve the distance matrix of a roadmap consisting of important location points. 

Step 2: Set initial temperature of 2000. 

Step 3: Set the cooling rate 0.9995 

Step 4: Assume the best solution 10000000.0 (which can be way more than a feasible solution). 

The goal is to achieve the minimum distance of the locations from the operational locations.  

Step 5: If there is more than one location involved, select the closest distance of a location from 

the nearest operational location. Average those closest distances to generate a temporary 

solution. 



 
 

 21 

Step 6: Repeat step 4 and 5 and reduce temperature every time based on the cooling rate. If the 

solution of the current iteration is better than the best solution, replace the best solution with 

the current solution. 

Step 7: Based on the number of vehicle availability return same number of location points based 

on the best solution. 

 

The significant advantage of using simulated annealing is that it can achieve a global optimal 

solution quickly. On the other hand, simulated annealing is a heuristics approach. Therefore, 

there is always a probability that the algorithm may miss a better solution. Initially a 

temperature is considered as highest temperature, and an arbitrary cooling rate is regarded as 

the rate of temperature reduction. Here the initial temperature is 2000, and the number of 

iterations is 10000 with a cooling rate of 0.995. In the beginning, different initial temperature, 

cooling rate, and the number of iterations is used to see the result. The reason for this cooling 

rate is to check how the algorithm performed due to the small amount of temperature change. 

However, if the same solution is implemented with a higher number of iterations, then it 

increases the execution time, and the result is also very close to each other. Thus, a variable is 

used, which requires less computational power.  
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Chapter 4: Result & Discussion 
 

4.1 Results of spatiotemporal data analysis 
 

To get an idea of overall activity on the three types of road networks, the GPS data was 

interpreted and analyzed. Figure 7 demonstrates the highest amount of plowing happened on 

priority streets in November. By the end of March, the amount of plowing decreased for all 

three types of roads. Figure 8 showed the sanding coverage for the streets. The highest amount 

of sanding has been done on one local street in December. Frequency of all sorts of snow 

maintenance activities reduced after April while sanding already reduced since February. This 

visualization leads to a conjecture that before November and after March, less activity was 

observed. 

 

 
Figure 7: Plowing coverage in Borlänge Municipality 
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Figure 8: Sanding Coverage in Borlänge Municipality 

 
 
Based on the GPS data available for this study, it was not possible to identify the reason why 

February had less sanding treatment. Before November and after April, the sanding activity 

went down to zero. This can be explained from the weather recording that there was not enough 

snow to create hindrance to day to day activity during this period. From figure 7 and figure 8, 

it is also visible that priority roads had higher plowing activity than other types of roads. The 

reason is that the priority roads are longer also are used by public transports. Therefore, the 

snow maintenance operations were performed frequently on the priority streets. 

To ensure the public services salting is used as another form of treatment on the priority roads. 

However, sanding gets less priority on priority streets, and it was frequently used in local and 

bicycle streets during the snow maintenance. 
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4.1.1 Treatment ratio in different street 

The ratio of the snow maintenance activity was measured from the GPS data. The data was 

stored in dbf format, which was read and interpreted in R. As different snow maintenance 

activity was preferred for different types of road networks, for example, salting was used only 

for priority roads, the program initially went through the dbf documents to look into which 

subcontractors performed what type of activities. After that, the program calculated the activity 

ratio for every road network. From GPS data received from the vehicles deployed on the local 

streets, it was observed that more plowing was performed than sanding on all 15 local streets. 

On average, 74 percent times plowing has been done on the local streets than sanding. A 

noticeable observation was that the local street 2 and 6 had seen a significantly lower ratio of 

sanding activity, which was less than 20 percent of total performed activities.  

 

Figure 9: Treatment Ratio in local street 

Similarly, it is observed in figure 10 that in the case of bicycle street, plowing also gets higher 

priority than sanding. On average 65 percent times, plowing gets more priority than sanding. 

There were 5 bicycle road networks of which the snow maintenance activity data was available. 

Same as the local networks, there was no salting activity on bicycle streets. 
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Figure 10: Treatment Ratio in Bicycle Street 

 

The calculation of the ratio of the activities on priority roads generated in figure 11. Priority 

roads are unique in a sense that priority roads were larger, and it was used by public transports. 

But priority roads were not used for walking. That is why sanding was not a preferable method. 

For both of the priority roads, sanding was done for less than 6% of the time. But same as other 

road networks, plowing was done more than other activities. 
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Figure 11: Treatment ratio in Priority Street 

 
 
In the next part of the study, the existing data was studied to measure the current efficiency of 

the subcontractors and the inspectors. Subcontractors were responsible for performing snow 

maintenance, and the inspectors were liable to find out the situation of the snow and ask the 

subcontractor to send out vehicles if treatment is necessary. To understand the working amount 

for different subcontractors, a table has been generated (Appendix 1). Subcontractor 2 

performed the highest amount of treatment on the streets. Subcontractor 2 performed 22262.95 

kilometers of plowing, 3129.17 kilometers sanding and 13277 kilometers of salting. As 

subcontractor 2 was assigned to the priority roads, therefore only that subcontractor performed 

salting on those roads during the winter of 2017-2018.  
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4.2 Efficiency Measurement 
 
4.2.1 Efficiency of the Subcontractor 

The primary objective of this paper is to identify the efficiency of the subcontractors done in a 

different street. Figure 12 showed the efficiency of the subcontractors in the local street, the 

highest efficiency achieved in local street 6, which is almost 99 percent. The graph illustrates 

that whenever subcontractor was out with the vehicle for treatment, that entity performed the 

treatment on the streets. However, in the case of local street 2, the efficiency was 61 percent, 

which shows that the subcontractor performed less treatment on the roads. The reason for 

generating this visualization was to identify any discrepancy among the subcontractors, whether 

there was any subcontractor who performed differently than the others.  

 

Figure 12: Efficiency of Snow Removal Operations in Local Street 
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Figure 13 showed snow removal operations on the bicycle streets. For bicycle streets, the 

highest amount of efficiency was achieved by the “bicycle street 4.”  

 

Figure 13: Efficiency of Snow Removal Operations in Bicycle Street 

 

Figure 14 shows that in the south road, the efficiency was 94 percent whereas on the north side 

the efficient was 84 percent. Priority roads showed higher efficiency because the frequency of 

snow maintenance activity was much higher in priority roads than local streets and bicycle 

streets. Therefore, the efficiency was higher on priority road. Besides according to Borlänge 

Energy the priority road gets priority as it’s the main road and people travel their often. Thus, 

it was also visible from their efficiency. 
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Figure 14: Efficiency of Snow Removal Operations in Priority Street 

 
4.2.2 Efficiency of the inspector  

Borlänge energy hires five inspectors for inspecting the snow and call out the subcontractor. 

This research also measured the efficiency of the subcontractors.  

Inspector	Efficiency = ;<=>?@	AB	C(=?D	EF	(FDG?HCA@	EHC<EIIJ	HEII?K	CL?	D<>HAFC@EHCA@
;<=>?@	AB	C(=?D	EF	(FDG?HCA@	MED	D<GGAD?K	CA	HEII	CL?	D<>HAFC@EHCA@

……..………..(4) 

 

Using the above formula, subcontractor efficiency was measured. Here to measure the 

efficiency of the inspector, the depth of snow data has been collected from SMHI a weather 

database. Figure 15 showed the efficiency of the inspectors.  

 



 
 

 30 

 

Figure 15: Efficiency of the inspector 

According to the figure 15, worker 3 had 100 percent efficiency; however, worker 5 efficiency 

was more than 100 percent. This could be interpreted as that they had called the subcontractor 

more than the required time. In some days, the snow depth was high, which couldn’t be cleaned 

in a single day; therefore, they had to call the subcontractor several times for ensuring the clean 

road. On the other hand, worker 1,2, and 4 had efficiency less than 100 percent, which depicted 

that worker 1,2, and 4 called subcontractor less than usual time. Here it was visible that, though 

snow depth was the same for all the roads, the subcontractor 3 performed well. Seeing the 

efficiency of the subcontractor in the road and the time required for cleaning the road here, the 

study implied that there was an opportunity to improve the process. Section 4.3 discussed a 

proposition which would reduce total travel distance by the subcontractors. 
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4.3 Improving existing framework of snow maintenance 
 
In section 4.2, the efficiency of the subcontractors and the inspectors were measured. In this 

part of the thesis, the outcome of optimization will be discussed in more details. Initially, for 

every roadmap, a certain number of points were selected based on the junctions and endpoints 

of the road map. Here for local street 1, 41 points were selected based on the intersections and 

end points of the streets. Among them, 1, 3, and 5 optimal locations were chosen using 10000 

iterations. If an iteration yields a better solution than previous iterations, the best solution gets 

replaced with the new solution. The target was to retrieve the optimal location from which the 

average distance would be lowest. The average distance is determined in a way that if there are 

two optimal locations are yet to be determined; it is suggested to measure the distance from the 

nearest point. If point A is close to probable dispatch location B than another probable dispatch 

location C, the idea is to pick the distance from point A to B (as B is closer) to calculate the 

final average distance. Table 1 showed the initial average distance and best average distance 

for local streets based on the number of available vehicles. From table 1, these distances are 

average travel distance of the snow maintenance vehicles from one point to the dispatch 

location. At the end of the snow removal session, a vehicle needs to make many moves. The 

total distance covered by a vehicle is a summation of all the small distances traveled by the 

vehicles. Therefore, reducing a small amount of average travel distance would create a large 

amount of reduction of total travel distance at the end of the snow maintenance operation. 
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Street Name Initial average travel 

distance (kilometers) 

Optimized average travel 

distance (kilometers) 

Difference between 

initial and 

optimized distance 

(kilometers) 

Number of optimal 

locations for 

dispatching vehicle 

 

Local Street 1 

1.672558 1.655349 0.017209 1 

1.648605 0.5309302 1.1176748 3 

0.7406977 0.3581395 0.3825582 5 

 

Local Street 2 

1.627636 1.447091 0.180545 1 

1.414545 1.041818 0.372727 3 

1.239091 0.8576364 0.3814546 5 

 

Local Street 4 

1.222203 1.031525 0.190678 1 

0.9125424 0.6637288 0.2488136 3 

0.7027119 0.4374576 0.2652543 5 

 

Local Street 6 

0.9391667 0.8930556 0.0461111 1 

0.8586111 0.6827778 0.1758333 3 

0.6819444 0.5452778 0.1366666 5 

 

Local Street 7 

0.9391667 0.8930556 0.0461111 1 

0.8586111 0.6827778 0.1758333 3 

0.6819444 0.5452778 0.1366666 5 

 

Local Street 9 

1.841579 1.357895 0.483684 1 

0.5373684 0.4847368 0.0526316 3 

0.4698684 0.3505263 0.1193421 5 

 

Local Street 

11 

1.143051 1.031525 0.111526 1 

1.097458 0.6574576 0.4400004 3 

0.6866102 0.4516949 0.2349153 5 

 

Local Street 

12 

2.226863 2.105098 0.121765 1 

1.721765 1.458431 0.263334 3 

1.610196 1.015686 0.59451 5 

 

Local Street 

13 

3.8284 2.1188 1.7092 1 

1.8132 1.4396 0.3736 3 

1.416 1.1 0.316 5 

 

Local Street 

14 

5.637969 5.588125 0.049844 1 

5.350938 4.499531 0.851407 3 

4.681719 3.714063 0.967656 5 

 

Local Street 

15 

0.99 0.9395122 0.0504878 1 

1.454634 0.2646341 1.1899999 3 

0.5231707 0.1978049 0.3253658 5 

Table 1: Result from Local Street 
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Even though it was hard to replicate the traversal from the previous year’s data, it was possible 

to simulate similar data based on the similar number of movements and then to compare it with 

the last year’s data. In this study, the proposition is that the number of these locations depends 

on the availability of the vehicles. Therefore, if there are 5 vehicles available for bicycle road 

4, there would be 5 optimal locations from where snow maintenance could be operated. The 

idea behind using optimized dispatch location is that an optimal set of dispatch location would 

cause less travel for the vehicles. That means, an optimal location could make the vehicles cover 

most of the map in a minimal amount of time. 

 

The same optimization algorithm was run on bicycle streets 4 and 5. 

 
Street 

Name 

Initial average travel 

distance (kilometers) 

Optimized average 

travel distance 

(kilometers) 

Difference 

between initial 

and optimized 

distance 

(kilometers) 

Number of optimal 

locations for dispatching 

vehicle 

 

Bi-cycle 

Street 4 

1.741333 1.435667 0,305666 1 

0.8096667 0.5873333 0,2223334 3 

0.5156667 0.399 0,1166667 5 

 

Bi-cycle 

Street 5 

3.614091 2.748182 0,865909 1 

2.306364 0.9227273 1,3836327 3 

1.795909 0.59 1,205909 5 

 

Table 2: Result from Bicycle Street 

Again, the same optimization algorithm was run on priority streets. 
 

Street 

Name 

Initial average travel 

distance (kilometers) 

Optimized average travel 

distance (kilometers) 

Difference between 

initial and 

optimized distance 

Number of optimal 

locations for 

dispatching vehicle 

 

Priority 

Road 

North 

3.293462 2.918462 0,375 1 

2.018077 1.474231 0,543846 3 

1.599615 1.078077 0,521538 5 

 

Priority 

Road 

South 

6.925806 3.397097 3,528709 1 

2.309677 1.537097 0,77258 3 

2.153548 0.9506452 1,2029028 5 

Table 3: Result from Priority Street 
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Snow maintenance does not exactly work like distance traversal. Usually, the vehicle needs to 

traverse some places more and more than other places. Therefore, a simulation based on the 

previous year’s data could be used to generate probable traversal paths of snow maintenance 

vehicles. Here the initial approach was to build a simulated path which would be closer to the 

actual data. To measure the estimated benefit of the proposed optimization technique, a 

simulation program was created to measure the impact of the proposed solution. The 

simulation is based on the previous year’s data, and the most traveled location was observed 

in that simulation. By modifying that parameter with the optimized location, the simulation 

program emulates the behavior of a vehicle from the optimized locations. Figure 16 showed 

the observation from this experiment. 

 

 

 
 

Figure 16: Performance evaluation for Bicycle road 4 and 5 
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From figure 16, two bicycle streets were taken to measure the performance of the proposed 

optimization. Initially, a total travel distance was measured from the actual data source. For 

bicycle street 4 it was 108.18 kilometers. The simulated travel path had 107.28 kilometers of 

the travel path. The small difference (less than 1%) between the actual data and the simulated 

data indicate that the simulated travel path was similar to the real vehicle data. To perform the 

implementation of optimization, data from table 2 was taken, and the rate of improvement was 

calculated from the initial travel distance and final travel distance. The improvement of the 

optimized result was calculated and used to calculate the optimized total traveled distance. After 

implementing the optimization on the simulated data, the difference between the optimized data 

and actual data was increased. The optimized result showed 18% improvement over the real 

data as well as 17% improvement over the unoptimized simulated data. The same trend was 

visible in the case of bicycle district 5. After implementing the optimization technique, total 

travel distance got reduced to 124.46 kilometers, where the actual travel distance was 150.12 

kilometers, and simulated total travel distance (without the implementation of optimization) 

was 151.45 kilometers. 
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Chapter 5: Discussion & Conclusion 
Study of snow maintenance is always a challenging task. With the advent of advanced sensors 

and technologies, it is now possible to get more insight out of the data. At the beginning of this 

study, the GPS data was interpreted and visualized from a different perspective. Data of local 

streets, bicycle streets, and priority streets were analyzed with a computational geographic 

information system, and then a heuristics-based solution was developed to reduce the 

operational overhead. The suggested optimization technique reduced the overall travel of the 

snow maintenance vehicles by 18% in bicycle street 4 and 5. The performance comparison 

showed that the proposed optimization was cost effective than the previous state of snow 

maintenance. By using simulation, it became possible to measure the impact of the proposed 

solution. Borlänge Energy can provide optimal dispatch location to the sub-contractors before 

snow removal operation. According to the table 1, 2 and 3 the average distance of travelling 

improved for every roadmap. At the end of the day, the amount of reduced travel distance would 

be less than it was supposed to be in existing framework. After the winter season, the total travel 

distance in all the roads would be significantly lower than previous year. Borlänge Energy pays 

the subcontractor in two ways, one is the fixed cost based on the contract. Another cost is based 

on snow maintenance activity. The proposed solution would help Borlänge Energy to reduce 

the second type of cost as the snow maintenance operation would take less operating cost in 

terms of fuel and time. Therefore, the proposed solution for snow maintenance would help 

Borlänge Energy to reduce cost significantly. The proposed solution can benefit subcontractors 

and inspectors. If the snow maintenance operation takes less travel distance, it would take less 

fuel. Therefore, a subcontractor can have more available vehicles, at the same time the time 

consumption can be reduced, which yields to less expenditure for human resource.   

Another side effect of reducing time consumption due to less travel distance is that the less time 

snow maintenance operation would cause less hindrance for the other vehicles on the road. 

During snow maintenance, other vehicles have to move carefully and slowly on that road. That 

is why snow maintenance usually takes place during midnight. But sometimes if weather goes 

bad for road usage, the authority performs snow maintenance during day time. And if it takes 

long time to fix the road, the quality of life hampered due to the obstruction created by the snow 

maintenance procedure. Therefore, the proposed solution would also benefit the people who 

are not directly involved in the snow maintenance operation. 
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This study used a heuristic approach to derive a solution, which always has a chance to miss 

the best solution. The solution was obtained using the available data. There could be other ways 

to optimize time, effort, or cost of snow removal operations if the data set could have more 

information about the overall process. The weather data often showed erratic behavior; 

therefore, it was not easy to expect a weather condition and parameters, for example, 

temperature and the amount of snowfall beforehand. But in the proposed solution, the level of 

snow and vehicle efficiency in different temperature were not considered. It was expected that 

the snow was uniformly distributed in the snow removal area. At the same time, it was expected 

that the snow removal devices performed equally in every type of weather condition. For 

example, the snow removal process was not the same for the massive snowfall time, or rainy 

environment or moderate snowfall period. But the optimal location finding process did not 

consider that plowing, sanding, and salting might have a different pattern of road traversal. 

Regarding the usage of heuristics, this study wanted to figure out the feasibility of using 

heuristics-based optimization to reduce the travel distance of the snow maintenance vehicles. 

Using simulated annealing showed reduced travel distance than the traveled distance initially. 

Similar experiments could be done by using other heuristics-based approaches. In this study, 

only one heuristic approach was used. The implementation of Dijkestra’s shortest path 

algorithm and simulated annealing was computationally expensive; the constructed 

implementation had time complexity of O(n2). The reason of not changing this implementation 

was that the number of inputs were small enough to compute within 20 seconds in a  MacBook 

pro 2015 edition with 8 Gigabytes of memory for all vehicle availability. The goal was to verify 

whether the proposed solution could reduce overall travel distance. The result showed that the 

proposed system yielded less travel distance. A future work can be done using a better 

implementation of Dijkestra’s sjhortest path as well as simulated annealing with less 

computational complexity. 

This thesis studied the snow maintenance operation in detail. From the current study, it can be 

said that the snow maintenance process has scope for improvements. Data about the 

subcontractor/inspector efficiency and the proposed optimization can be used to build up a more 

efficient snow maintenance system. Borlänge Energy can utilize the study result to decide the 

strategy for the upcoming winters. Further study on the snow maintenance operation with more 

data would extract new insights out of the existing solutions.   
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Appendix 
 

1. Amount of treatment done by Subcontractor 
 
Subcontractor Plowing (km) Sanding (km) Salting (km) 

Subcontractor 1 2302.319 494.8737 n/a 

Subcontractor 2 22262.95 3129.17 13277 

Subcontractor 3 8542.819 4683.761 n/a 

Subcontractor 4 6887.378 2534.128 n/a 

Subcontractor 5 4638.694 2087.728 n/a 

Subcontractor 6 1347.141 663.2024 n/a 

Subcontractor 7 1331.036 380.1797 n/a 

 
 
 

2. Borlänge Road Network 
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3. Distribution of road to subcontractor 
 
 
Subcontractor name Street covered by subcontractor 

Subcontractor 1 Local Street 1, Local Street 2, Local Street 4, Local Street 6 
Subcontractor 2 Local Street 3, Local Street 11, Local Street 15, Priority Road 

North, Priority Road South 
Subcontractor 3 Bicycle Road 1, Bicycle Road 3, Bicycle Road 4, Bicycle Road 5 
Subcontractor 4 Local Street 8, Local Street 9, Local Street 10, Local Street 13, 

Bicycle Road 2 
Subcontractor 5 Local Street 5, Local Street 14 
Subcontractor 6 Local Street 12 
Subcontractor 7 Local Street 7 

 
 

 

 


