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ABSTRACT 
 

Weather conditions may impact traffic flow in different ways. Both the human decisions 

regarding the trip (route, mode, time) and the trip itself can significantly vary. Driver’s 

behavior may be affected by weather resulting in, among others, deterioration of the 

network’s travel times and speeds. 

Therefore to study and analyse travel times under different weather conditions, represents an 

important instrument to support Intelligent Transport Systems (ITS). With the correct 

knowledge and information, travellers would be able to plan their trips in a cost-efficient way, 

while traffic managers could take advantages of these predictions to deploy control strategies 

(e.g. weather-responsive signal timing plans). 

In this project Automatic Number Plate Recognition (ANPR) data from summer 2012 to 

summer 2013 from three different arterial routes in Stockholm city is used in order to analyze 

travel times, at a link level, under different weather conditions.  

To determine to what extent weather variables such as rain, snowfall, temperature and 

visibility impact the speeds in the network, weather data is integrated with traffic data 

(ANPR) and analyzed through linear regression models. 

Results show that there is in fact a negative effect on speed but also on speed’s variability. 

This knowledge can be useful for trip planning and for traffic management under different 

weather conditions. 

  

Key words: Weather, travel time, speed, variability, ANPR 
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RESUMEN 

 
Las condiciones climáticas pueden afectar el flujo vehicular de diferentes maneras. Tanto las 

decisiones humanas en relación con el viaje (ruta, modo, tiempo) como el viaje en sí, pueden 

variar significativamente. El comportamiento del conductor puede verse afectado por el clima 

trayendo como resultado, entre otros, el deterioro de los tiempos de viaje y las velocidades de 

desplazamiento de la red vial. 

 

Es por ello que analizar los tiempos de viaje durante diferentes estados del clima, representa 

un importante instrumento para apoyar los sistemas inteligentes de transporte (SIT). Con el 

conocimiento y la información correcta, los viajeros podrán planificar sus viajes de una 

manera eficiente, mientras que los administradores de tráfico podrían sacar partido de esas 

predicciones para implementar estrategias de control (por ejemplo: tiempos de semáforos 

adaptables a diferentes condiciones climáticas). 

 

En este trabajo, data obtenida de sensores de reconocimiento automático de matrículas (siglas 

en ingles ANPR), entre el verano de 2012 y el verano de 2013, de tres vías arteriales en la 

ciudad de Estocolmo es utilizada para analizar los tiempos de viaje bajo diferentes 

condiciones climáticas. 

 

Con la finalidad de determinar en qué medida las variables meteorológicas, como la lluvia, la 

nieve, la temperatura y la visibilidad impactan los tiempos de viaje y las velocidades en las 

vías arteriales seleccionadas, la data vehicular (ANPR) es integrada con data meteorológica  y 

analizada mediante modelos de regresión lineal. 

 

Los resultados muestran no solo un efecto negativo sobre las velocidades, sino también en la 

dispersión de la velocidad. Este conocimiento puede ser útil para la planificación de viajes y 

para la gestión del tráfico en diferentes condiciones climáticas. 

 

 
Palabras clave: clima, tiempo de viaje, velocidad, dispersión, ANPR 
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NOMENCLATURE 
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Symbol Description 

d Route length 
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1 INTRODUCTION 

This chapter describes the background, the motivation and the purpose of this work. 

1.1 BACKGROUND  

Recently, traffic congestion has become one of the biggest problems for cities around the 

world, resulting in massive delays, enlarge pollution, increased fuel wastage, and considerably 

monetary losses. 

Congestion can occur as a consequence of different factors, among others, road capacity 

limitations, incidents (peak hour, special events and construction), accidents and weather 

conditions (Sivanandan L., 2006). 

In cities like Stockholm where the weather plays an important role in everyday human 

decisions and activities, it is important to integrate weather related data with traffic data in 

order to better understand and minimize the impact of different weather conditions on traffic. 

Even when there are previous studies about weather impact on traffic, in most of the cases the 

aim consisted of measuring the effects of inclement weather conditions on traffic safety. See 

(Maze T. et al. 2005). 

Nevertheless, in some cases, when the influence of weather on mobility was considered, the 

studies were mainly focused on severe weather conditions. Furthermore, previous studies 

showed that results varied considerably depending on the target area, traffic and road 

characteristics, and socio economic factors, suggesting more site-specific analysis.  

However, regardless the regions characteristics, most of the studies remark the importance of 

understanding this impact, in order to create strategies that could reduce the negative effects 

on traffic performance. 

1.2 MOTIVATION  

The need for better estimations of present and future traffic states is increasing around the 

world, both from a traffic management and a traffic information perspective. In addition, 

availability and technologies for traffic data collection are significantly increasing. As a 
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consequence, describing and predicting the traffic state is becoming more complex and 

consequently requiring more innovative research. 

Traffic management need to be more efficient than ever. Real time information, forecast, 

accurate predictions, continuous traffic monitoring and comprehensive network understanding 

must be reached to minimize traffic congestion. In particular, the understanding about the 

effect of certain weather conditions on road traffic is gradually becoming more and more 

interesting for road user and for transportation authorities.  

Travel times along different routes may vary during time, peak hours, week days, and 

seasons. But, even within the same period of time, external factors like the weather may alter 

drivers behaviour, either by affecting departure time and mode choice or by altering driving 

behaviour (due to visibility and pavement conditions) (Goodwin L., 2002). 

Individual drivers are expected to adjust their behaviour according to their knowledge and 

accumulated experience. However, regarding weather impacts, this behaviour alteration is 

mainly due to driver’s experience and not because of their knowledge. In spite of the 

technology and infrastructure needed to provide this information is available, just in few cases 

(inclement weather conditions, storm alerts, blocked roads due to weather), last minute 

information is accessible to users. On the other hand, traffic controllers and operators may be 

benefit as well, by adapting plans or strategies according to different weather conditions 

(Sadek A., 2011).  

The i-Mobility Lab in the department of Transport Science at The Royal Institute of 

Technology KTH (which aims at using data from opportunistic and traditional sensors to 

develop improved methods for multimodal traffic information and services), represents an 

opportunity to increase the network knowledge. The i-Mobility Lab possess effective models, 

algorithms and data collection methods that can handle data from fixed detectors such as 

Automatic Number Plate Recognition systems (ANPR), radar, and loop detectors, to data 

from other sources, such as probe vehicles and Global Positioning Systems (GPS) (Allström 

et al, 2012).  

In combination with the traffic data mentioned, historical weather information is also 

available for the Stockholm area, providing a unique coverage in time and space that allows a 

comprehensive analysis. 



3 
 

The impact of bad weather on travel time can be severe. Therefore, to study and analysed 

travel times under different weather conditions, represents an important instrument to support 

Intelligent Transport Systems (ITS). With the correct knowledge and information, travellers 

would be able to plan their trips in a cost-efficient way, while traffic managers could take 

advantages of these predictions to deploy control strategies (e.g. weather-responsive signal 

timing plans) (Perrin J. et al, 2002). 

1.3 OBJECTIVE  

It is known that weather conditions impacts among others traffic flow and drivers behaviour. 

However, results cannot be generalized since they vary according to location, road 

characteristics and the weather itself.  

The primary objective of this thesis is to determine trough statistical models how different 

weather conditions and events such as rain, snowfall, temperature, and road visibility impact 

speed and speed variability in arterial routes in the Stockholm area.  

Travel time data obtained from ANPR systems located on arterial routes in Stockholm is 

processed and intercepted with weather related data from the Bromma Airport Meteorological 

Station to determine to what extent weather impacts the speeds. 

The propose models intends to evaluate different phenomena (e.g. snow, rain, fog) in different 

intensities in order to better recognize the influence of weather on the selected arterial routes. 

1.4 THESIS OUTLINE 

The remainder of this thesis is organized as follows. The following section provides a 

classification of traffic sensor technologies based on their operating principles and explain in 

more detail the technology used to collect the traffic data in this project, ANPR. The literature 

review examines also previous research regarding weather and traffic. Chapter 3, outlines the 

methodological approach, the procedures employed to process and incorporate weather and 

traffic data and provides a brief introduction to the regression models implemented. The 

subsequent chapter, Model Development and Case Study, introduces Stockholm’s ANPR 

technical system and presents the three arterial routes analysed. The chapter ends with the 

description of the model implementation process including the preliminary data analysis, as 

well as the development of the model. Next, Chapter 5 provides an exploratory analysis of the 
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ANPR data and the weather related data with respect to the data quality and time fluctuations. 

This chapter also displays results obtained from the two main models developed in this thesis.  

Finally, the last chapter summarizes the findings of the present study and identifies directions 

for further research. Appendix A presents all the model’s results corresponding to the 

Disaggregate Model, while Appendix B accommodates the results corresponding to the 

Aggregate Model. 
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2 LITERATURE REVIEW 

The reference frame is a summary of the existing information and previous performed 

research related to the subject. This chapter presents the theoretical reference frame that is 

necessary for the understanding and development of this work. 

First, the value of travel time as an indicator for traffic performance is justified. Then several 

data collection methods and techniques will be briefly explained, before concentrating on 

ANPR. Finally, in section 2.5 previous research about how weather influences traffic in 

general is presented. 

2.1 TRAVEL TIME  

Among many parameters collected, travel time is one of the indicators that helps in 

determining future states on the links, has more direct implications for individual traveller 

(Hao L., 2008) and may be affected by the weather (Tsapakis I., 2012). Authorities, operators 

and controllers use travel time data as a measure of network performance and planners also 

use travel time as an input for route choice models and transport policy evaluation.  

Travel time can be defined as the time period that a driver takes from the start of a trip to the 

end of a trip. The spatial range of this trip can be an intersection, an urban link, a segment or a 

route containing several segments. (See figure 2.1). 

 
Figure 2.1 Route definition 
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Travel time can then be expressed as: 

�� = �� − �                                                              (1) 

Where “t” designates the time instant when a driver crosses the starting point of the trip, and 

t’ represents the time instant when the driver crosses the ending point of the trip (Hao L., 

2008). 

Travel time is an important performance measure which can describe congestion easily for all 

users. It is in fact an essential variable for both network performance measurement and traffic 

demand modeling. In network performance measurement, travel time implies the congestion 

level and is the most direct traffic information element to traffic users. On the other hand, in 

traffic demand modeling, travel time determines the route choice and trip distribution. 

Therefore, how to estimate or predict travel time accurately has been one of the most popular 

topics in transportation engineering. (Feng Y., 2011). 

However, it is well known that travel time estimation in urban networks is quite challenging, 

mainly due to fluctuations in traffic flow.  

This fluctuation must be considered to avoid erroneous observations and miscalculations. One 

common case is the interruption in flow due to controlled areas such as intersections where 

vehicles must reduce their speed or in some cases even stop completely. In addition: 

pedestrians, vehicles entering or exiting to and from other links, shared public transport lanes, 

passenger drops, and so on, may increase this effect. For example, one vehicle arriving during 

green phase to an intersection will have a significantly lower travel time than a vehicle that 

arrives during red phase. Consequently, average travel time estimation requires considerably 

large number of probes per estimation interval. (Bhaskar A., 2001). 

It is known that travel time has been an important performance measure for assessing traffic 

conditions and the extent of road congestion. However, recently, more and more attention has 

been given to understanding the uncertainty regarding the variability in travel time from hour 

to hour and day to day variability. 

Travel time variability (TTV) in particular, is one of the parameters used to assess traffic 

effectiveness and reliability (the more travel time varies, the less reliable travel times are 

considered). Moreover, TTV for a particular trip is known to be an important factor in 

influencing the mode, the route and the starting time for the journey, especially for those trips 
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where there may exist constrains and limitations regarding arrival time and destination 

(Taylor M., 1982). 

TTV can be defined as the random, day-to-day variation of the travel time that arises in 

congested conditions even if no special events occur. It can be cause for incidents (accidents), 

weather or day to day variability.  If congestion is severe, this variation could be important. 

The lack of reliability will lead to the use of safety margins for travellers in order to be on 

time. In some cases, the safety margin might be insufficient, causing a late arrival for the 

travellers. (Eliasson J., 2006).  

In spite of there being several ways to quantify travel time variability (90th percentile, 

standard deviation, coefficient of variation, etc.), in this project, the standard deviation of 

travel time is used as the TTV indicator. See section 5.2.2. 

Although travel time variability is one of the popular indicators of network performance, few 

of the available studies directly investigate the relationship between weather conditions and 

travel time variability, especially on the route level (Huizhao T., 2007). 

2.2 DATA COLLECTION TECHNOLOGIES  

Modern transport control systems and strategies combine communication and vehicle 

technologies with infrastructure to improve time response, accuracy and more efficient data 

collection.  

Constant increase of traffic congestion levels and their related externalities have prompted 

exploration into methods and technologies to improve urban mobility. ITS are being widely 

deployed to better manage and operate the existing transportation infrastructure. Among the 

objectives of advanced traveller information systems (ATIS), advanced traffic management 

systems (ATMS) and advanced public transportation systems (APTS) are the use of 

sophisticated technologies to increase the efficiency and reliability of current transport modes, 

maximize capacity and minimize delays (Constantinos et al, 2010). 

To achieve this, and driven by the large deployment of traffic surveillance technologies, 

several software programs have been developed.  Municipalities are increasingly installing 

sophisticated sensor networks to automatically and continuously collect, process, store and 

analyse traffic data. 
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Such technologies vary mainly according to their functionality, type of data collected, 

location, level of intrusion on traffic and application. Naturally, depending on the needs, the 

strengths and weakness would be different among these sensors. Beyond comparing technical 

features and technologies between sensors, the selection must be done according what it is 

desired to measure (e.g. speed, counts, travel times, flow, vehicle classification, weight, 

variability, etc.). According to Constantinos et al (2010), based on their functionality, these 

technologies can basically be categorized into three types, point, point to point and area-wide 

technologies 

2.2.1 Point sensors 

Point sensors refer to technologies installed along the road at a specific location and only 

traffic at this particular location can be captured. These types of sensor are the most 

commonly used and they can captured for example, speeds, volumes, flow, vehicle’s 

occupancy and vehicle’s classification. 

                           
         (a) Inductive Loop Operation (I-watch)             (b) Inductive Loop in a Motorway (Neudorff L., 2003) 

 
Figure 2.2 Inductive Loop 

In this category, it can be found both conventional and recently developed technologies. 

Within the conventional category is worth to mention loop detectors, pneumatic tubes, 

piezoelectric sensors and weigh-in-motion (WIM) systems.  

                       

                       Figure 2.3 Piezoelectric Sensor                       Figure 2.4 Pneumatic Tubes (Imtech) 
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The principle is almost the same for all cases, the maintenance and installation cost (traffic 

disruptive) can be expensive (except for pneumatic tubes) and there are some potential 

reliability issues related to weather, speed flows and traffic conditions.  

On the other hand, there are other technologies more recently developed, like radar, infrared, 

microwave, acoustic, ultrasonic sensors and video image detection sensors. These sensors, on 

the other hand, cause a minimal disruption to normal traffic operations and do not need to be 

installed in or on the pavement. They are generally placed on the side of the pavement or on 

pre-existing structures (e.g. traffic lights). Most of these sensors are cost competitive with 

inductive conventional methods (Constantinos A. et al, 2010). 

Another point sensor worth to mentioning is, the closed-circuit television (CCTV) camera. 

The CCTV record traffic images (vehicle numbers, type, speeds, etc.) which are in turn 

analyzed by software to monitor road conditions, collect data at intersections, detect incidents 

and classify vehicles. Even though this system implies high installation costs, it does not 

require high maintenance cost. Depending on the equipment and technology used, it can be 

sensitive to meteorological conditions.  

Video image detection represents an essential component of ITS. It comprises i) an image 

processing system (camera) that captures real time images of the traffic, ii) a communication 

system that sends the info to the processing system, and iii) an image processing system that 

processes frames of a video clip to extract traffic data (Daiheng N., 2013). 

        
   Figure 2.5 CCTV capture (Aldride)                                 Figure 2.6 CCTV render (Flir) 

2.2.2 Point to point sensors 

These technologies detect vehicles at multiple locations as they cross the network. This 

supports re-identification and tracking, which may, under certain conditions, provide point-to-
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point travel times, route choice fractions, paths, and origin-destination (OD) flows 

(Constantinos A. et al, 2010).  Examples of technologies in this category include: 

Automated Vehicle Identification (AVI): It refers to the identification of individual (probe) 

vehicles equipped with an appropriate device, at various locations in the network. It permits 

automatic identification of vehicles at specific points, and offers potential benefits in many 

fields including fleet control, revenue collection, traffic operations, transportation planning, 

and safety and law enforcement (Hauslen R., 2007). Within this group, radio-frequency 

identification (RFID) is one of the most used technologies.   

Vehicle identification without driver “cooperation”: One disadvantage of the AVI systems is 

that they require vehicles to be equipped with special tags.  However, this can be replaced by 

capturing Bluetooth and Wi-Fi signals from cell-phones carried by drivers and passengers in 

passing vehicles. However, since the number of devices might not be the same as the number 

of vehicles such data collection methods are more appropriate for measuring quantities such 

as speeds and route choice fractions, but not counts (Constantinos A., et al, 2010). 

 
Figure 2.7 Point to point Bluetooth detection (Zigbee) 

License plate recognition LPR: Also known as Automatic License-Plate Recognition (ALPR) 

or ANPR, it consists of CCTV cameras that record license plates, which are recognized 

through special Optical Character Recognition (OCR) software, and later transferred to a 

central system that matches subsequent detections of particular vehicles. These systems can 

be also sensitive to weather and lighting conditions. (Constantinos A. et al, 2010). More 

information on this technology is explained on detail in section 2.3. 
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2.2.3 Area-wide sensors 

As the name explains, these systems allow to measure and capture different traffic parameters 

and vehicle locations around the traffic network. They provide traffic data for real time traffic 

monitoring, traffic information and traffic prediction. Cell phones and GPS devices inside 

vehicles collect geo-location information, which is transmitted to a central facility for 

processing (extract flow, travel times and speed information). However, there are some issues 

that need to be remarked. Concerning positioning, GPS requires at least four satellites to 

estimate the location. In zones with overlapping trees, tunnels and high buildings, this 

condition might not be fulfilled and GPS systems will fail to estimate its location. Regarding 

transmission frequency, due to data processing and storage cost, several commercial GPS 

systems rarely record positions of vehicles with interval smaller than 30 seconds, this makes it 

difficult to determine the precise time vehicles enter and exit a certain link. Finally 

considering the sample size, it is necessary to know to what extent the travel times measured 

by probe vehicles can represent the mean population travel time (Zheng F., 2011).   

As opposed to fixed sensors, such as LPR cameras and radar systems, using floating car data 

(FCD) from position detection equipment, such as GPS sensors, cell phone sensors, probe 

vehicles, can provide direct travel time from the route traversed, giving an overall network 

coverage. In other words, it could cover any street where equipped vehicles have travelled, 

which gives a more comprehensive picture of the state of the urban transport system (Jenelius 

E. et al, 2012a). However, to process the data, considerable complex work is required in 

comparison with ANPR where travel times are inferred directly.  

The probe vehicle composition is very important. For example, lorries and trucks as probe 

vehicles are expected to be over represented, since they are in general slower than private 

cars. Using taxis as probe vehicles can also lead to biased travel time estimates due to 

different driving behavior of taxis (taxis behave differently when they are empty or full) 

which are likely to stop for (un)loading passengers. They also have a bigger tendency to use 

more alternative routes than private cars, since they have acquired knowledge of the network. 

On the other hand, emergency vehicles can avoid red lights and drive over the speed limits 

and sometimes even in the opposite direction. Finally PT can have both better and worst 

travel times depending on several factors. If there are exclusive lanes and/or PT priority on 

controlled intersections they will have better performance, but if there are stops in the link, the 

travel time will change.  



12 
 

                       
Figure 2.8 GPS Taxi Probes (Allström et al, 2009)                         Figure 2.9 GPS Operation (FHWA, 1998) 

Moreover, this category includes promising technologies like airborne sensors, where 

unmanned aircrafts collect data by using photogrammetry, video-recording, and Light 

Detection and Ranging (LIDAR) techniques. This traffic information is then transferred to the 

Transport Management Centre (TMC) via wireless communication networks (Constantinos 

A., et al, 2010). The data collected consist of aerial photos that contain snapshots of traffic. 

From the images, vehicle counts over several segment of roadway, and traffic density can be 

obtained. In addition, analysis of consecutive aerial photos may yield information about 

vehicle speeds and further mean traffic speed. However planes, drones and helicopters used 

for these purposes are expensive and the data collection process is time- and resource-

intensive (Daiheng N., 2013). 

                     
    Figure 2.10 Location devices on traffic (Feber)                       Figure 2.11 Air vehicle recorder (Dragonfly) 
 

2.3 AUTOMATIC NUMBER PLATE RECOGNITION (ANPR) 

ANPR has been implemented for estimating and measuring travel time mainly on motorways 

and arterial routes. Even when it requires infrastructure investments, once the equipment is 

installed it records continuous travel time of vehicles travelling across the section being 

observed (Kazagli E. et al, 2012). 
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ANPR systems generally consist of two components. The cameras that identify passing 

vehicles and send the images to a processor and the software that recognizes plates numbers 

(sometimes also vehicle classification) and stores them in a database. 

A matching process is required to record plate’s numbers at two camera locations with time 

stamps, so that travel times of passing vehicles between these two locations can be estimated. 

One advantage of ANPR is that travel times or average speed between two particular 

locations (preferably in the same link) can be calculated quite accurately. Another advantage 

of it is the recognition rate. However, the recognition percentage can vary according to 

vehicle characteristics, hardware and software quality and weather (Zheng F., 2011).  

Concerning the average recognition rate on freeways, it is reported to be between 85%-90% 

(Friedrich et al., 2008). This percentage of accuracy is, of course, lower for arterial routes 

were more alternative routes and unexpected stops are found. However, like other data 

collection technologies, there are some difficulties and drawbacks of using ANPR. When 

analyzing and processing travel time data from ANPR systems, it must be considered for 

example that the travel time is recorded after passing the camera at the end of a measured 

route. In consequence, the data is already old and makes it hard to detect congestion in real-

time. Nevertheless, this data can be used for real-time processing when historical database are 

created in advance. 

In addition, even when the recognitions rates are decent, they can be affected due to 

congestion and intersections where vehicles are at closer distance to each other. Therefore, the 

number plate of cars can be obstructed by larger vehicles. In other words, situations with high 

traffic density where the headway between vehicles is too short could lead to misrecognition. 

Additionally there are uncertainties about the exact location where vehicles are captured by 

the ANPR cameras relative to a camera’s location.  

Finally, due to alternatives routes, vehicles captured by one camera location may not pass the 

second camera location or vice versa, reducing the matching rate. Moreover it is of course 

difficult to control whether a vehicle has travelled between the camera locations without 

unexpected stops (schools, parking, gas station, etc.), if it has comparable travel time to the 

average travel time for its route (Hao L., 2008). In spite of this, the well treatment of the data 

and the correct understanding of it, may provide numerous possibilities for efficient use the 

ANPR data. 
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ANPR is one of the data-acquisition technologies available in the i-Mobility Lab. See section 

2.4. For the Stockholm case, it consists of data obtained from infra-red cameras that were 

installed at several locations in Stockholm together with the implementation of the 

congestion-charging plan (Allström et al, 2011).  

2.4 WEATHER AND TRAFFIC 

The impact of "weather conditions" on transport networks is a topic that may induce some 

confusion. Transport researchers have employed several classification schemes for weather 

conditions, since they change considerably in magnitude and in type. Various weather 

conditions are extreme in nature (tornados, storms, floods, typhoons, hurricanes, etc.) and thus 

may trigger different reactions from drivers. It is important to clarify that those extreme 

weather conditions are outside the focus of the present study. Other adverse weather 

conditions (rain, severe rain, snow, severe snow, mist, fog, etc.) offer a less compressed time 

frame to the decision makers and allow drivers to maintain an acceptable control over their 

vehicles. However, this control will naturally change from the daily natural situation due to 

physical and mechanical factors like reduce visibility, discomfort (cold or hot temperatures) 

and reduced pavement friction. One particular issue regarding weather studies is that most of 

them do not describe all weather conditions in the form of quantifiable parameters, making it 

difficult to explain or measure the effect of the specific conditions on the transport network 

and their users.  In addition, the differences between the phenomena drive researchers to 

analyze the impact of weather in different dimensions (intensity, duration, area of influence 

and flow or demand serve by the network) (Mahmassani H., 2009). In this way, it would be 

easier to understand how the weather affects both the supply and the demand sides of 

transportation.  

Numerous studies have been developed concerning weather and traffic. However, most of 

these studies mainly focus on how weather affects traffic safety. On the other hand, 

concerning weather and traffic performance, most of the studies are oriented to measure the 

impact on the traffic network of inclement weather. However, when the influence of weather 

on traffic performance has been analyzed, results show to be location-dependent. In other 

words, observed patterns and trends showed to vary significantly between different sites. 

Overall, the studies have confirmed that adverse weather results generally in reduced service 

capacity, diminished reliability of travel, and greater risk of accident involvement. 
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This section (2.5) presents a review of empirical literature concerning these effects on the 

traffic network, when they are present.  

It can be noticed in the existing literature that the most common phenomena analyzed when 

considering weather are rain, snow, wind, and fog. However, some other studies differentiate 

these phenomena according to their implications (reduced visibility, frozen temperatures, 

pavement friction, etc.). 

2.4.1 Weather and road safety 

Prior studies have proved that there is a clear impact of weather on traffic safety. Some of 

them focus on really specific events, conditions and zones like for example, Norrman J. et al, 

(2000). Based on a three-year study, in Sweden, showed that 50% of all road traffic accidents 

in winter time occur in association with slippery road conditions. In addition, the study 

showed that the highest accident risk in southern Sweden is present when rain or sleet falls on 

a frozen road surface. They conclude that under these conditions, regardless of maintenance 

activities, accidents will occur if the public awareness is not increased. Nonetheless, some 

other studies are more general and permit to identify patterns between different regions.  

The more clear patterns are observed regarding road safety. Precipitation (both snow and 

rain), for instance, is believed to affects road safety by increasing accident frequency but 

decreasing severity. Evidence on the impact of precipitation on frequency and severity of road 

accidents is abundant. Although studies employ a wide range of methods (least squares, 

Poisson and negative binomial regressions, matched-pair approach, mean differences, wet 

pavement indices) and show a wide variety of results in a quantitative sense, in most of the 

cases, there is an indication of a positive relationship between precipitation and frequency of 

road accidents (Mark J. et al, 2008). See also Brodsky H. et al (1988), Chung E. et al (2005), 

Edwards J. (1996), Satterthwaite S. (1976), Levine N. et al (1995) and Shankar V. et al 

(1994).  

Moreover, Andrey J. et al (2003) showed that in Canadian cities, on average, precipitation 

also increases the number of accidents and it appears to decrease accident severity. Likewise, 

Eisenberg D. (2004) found that days when snow was present, had more non-fatal-injury 

accidents and property-damage-only crashes, but scarcer fatal crashes than during clear days.  
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A similar pattern is found in a study in Norway where snow indicates to increases the number 

of injury accidents but reduces the number of fatalities per accident (Fridstrom L., 1999). 

Another study in the Denmark, Finland, Norway and Sweden proved that the number of 

traffic accidents increased in the rain, but showed a lower incidence as a consequence of 

snow, with exception of the first snow of the year. According to the study there was also a 

decrease in accident severity, correlated with lower driving speeds in adverse road conditions 

(Maaz M., 2004). 

Finally, Khattak A. et al (1998) evaluated a wide traffic accidents dataset in North Carolina to 

estimate the impact of dummy variables on adverse weather (rain, snow, sleet, fog) on four 

levels of accidents severity: fatality, severe injury, moderate injury and no injury. They found 

that those weather variables have a negative statistically significant impact on accident 

severity. (Accidents are less severe in adverse weather). They conclude that due to the 

reduction on the speed under adverse weather conditions, the accident severity is as well 

reduced when severe weather is present. 

Fog and wind, on the other hand, were found to increase the number of accidents according to 

Edwards J. (1998) and Hermans E. et al (2006).  

2.4.2 Weather and user responses  

In addition to all mentioned before, adverse weather often affects trip maker decisions related 

to the selection of travel mode, route, timing, destination, or even the occurrence of the trip.  

The performance of networks depends in a grand scale on users' response to traffic conditions, 

which environmental conditions, such as adverse weather, can naturally impact. 

Understanding this relationship between users' behavior and weather conditions represents a 

key factor for developing transport management strategies. 

The literature on adverse weather and user behavior has focused on the adjustments that users 

make when facing these conditions. In some cases, clear evidence regarding the travel choice 

adjustments and preferences of users for weather information can be noticed. Notice, that 

changing trip decisions will also affect traffic performance by changing the demand.  

Most of the existing literature consists of examining how weather affects departure time, 

mode choice and route choice. Khattak et al (1997), based on a survey of commuter travelers 

in Brussels, revealed that weather does not significantly affect workers with regular 
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schedules.  It was also revealed that for inhabitants with access to other modes (69%), 5% 

switched modes because of bad weather. 

Other studies showed that the change on departure time was larger than the change in mode 

and route choice (Mannering K. et al, 1995; De Palma et al, 1999). They justify the result by 

explaining that adjusting routes would require a good knowledge on the network, while 

switching modes would require access to alternative modes.  

It is important also to mention, that when changes in mode choice were found under bad 

weather condition, results suggest that there is a bigger shift to private car than to PT from 

walking and cycling. Bergstrom A. et al (2003) compared mode choice during winter with 

summer months. They exposed, that together with the reduction of bicycles trips, there was an 

increase in car use for commuting purposes. One possible explanation is that PT may, in some 

cases, expose passengers as well, to the adverse weather. 

However, almost all of these studies are based on stated preference data and not on actual 

behaviors. Perhaps, due to the difficulty in obtaining revealed travel behavior data under 

varying weather conditions, revealed preferences studies are scarce and generally results 

showed variations among locations. For instance, Aaheim et al (2005) studied the impact of 

weather in travel habits in Norway, based on reveal preferences. It was found that the 

substitution between PT and private vehicles was relatively small.  

2.4.3 Weather and traffic performance 

The interest for studying weather impact on traffic safety may be more notorious than 

studying weather on traffic performance, however, every day more and more studies are being 

developed in this field. 

Beyond the amount of empirical literature available, one of the biggest differences among 

these two fields is given by the outcome of these pieces of research. As it was mentioned in 

the previous section, for most of the cases when evaluating weather impact on traffic safety, 

the pattern was clear. However when analyzing weather on traffic performances, results are 

not so obvious and they vary significantly in sign and magnitude according to different factors 

(location, type of vehicle, road type and road characteristics, etc). 

For example, according to Wallman C. (2005), drivers' speed compliance during winter 

conditions is different in different parts of the country. He also states that the speed 
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adjustment is different for different types of winter conditions and that the driver behavior is 

different for different categories of vehicles (the heavier the vehicle, the lower the impact of 

winter conditions).   

Eriksson M. et al (2001) also states that spatial variations in road conditions under severe 

weather conditions are influenced by micro- to regional-scale factors.  

In most of the cases, (not all) precipitation increases congestion by reducing capacity and 

speed, but the magnitude of this effect varies significantly between different routes and 

regions. 

Adverse weather conditions can significantly reduce the operating speed and capacity in a 

given segment of road. However the reasons behind are not conclusive. One possible cause 

may be the search for a greater lateral clearance and longer headways since the lane markings 

are obscured by snow accumulation or by accumulated water on the surface. Drivers must 

take extra precautions during their route on wet or icy surfaces. This behavior is believed to 

impact speed (Mahmassani H. et al., 2009). 

The Highway Capacity Manual (HCM, 2000) suggests, for example, that free-flow speed 

(FFS) is reduced by 10 km/h in light rain and by 19 km/h in heavy rain. However, the 

capacity reduction in wet and rainy conditions is not specified.  

Akin D. et al (2011) studied the potential impact of adverse weather on the three fundamental 

traffic flow characteristics (i.e., speed, volume and density).  Results showed that rain reduced 

the mean speed between 8% and 12% and the capacity between 7% and 8%. Light snow, on 

the other hand, reduced the traffic volume on 65% leading to an increase in speed of 4%. Fog, 

mist or haze did not show to significantly impact the average speeds nor FFS.  

Snowden R. et al (1998) concluded also in their study, that under fog and haze conditions, the 

speed was increased due to the change of the drivers’ perception. Apparently the sense of 

speed decreases in foggy conditions and drivers may drive faster without realizing.  

Hranac R. et al (2006) used detailed traffic and weather data from 2002 to 2004 for the 

Baltimore and Minneapolis metropolitan areas and found that rain causes reduction in FFS 

and capacity of around 3% and 9% respectively. The effect of the snow was larger, 5% in FFS 

and 16% on capacity. 
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Other studies, however, report slightly different results. For instance, Lamm R. et al (1990) 

find that there was no impact of wet pavements on speed on rural highways in the New York 

area.  

Unrau D. et al (2006) reported slight rain effects at low volumes and large effects at high 

volumes in Canada. Likewise, Sabir M. et al (2008) studied adverse weather conditions on 

traffic speed on commuting trips based on data from a national transport survey and local 

weather conditions in the Netherlands in 1996. Results showed that temperature and wind 

have small or no effect on traffic speed (See also Maze T. et al, 2005), and snow, on the other 

hand, had a notable effect with traffic speed reduction of 7%. 

Some studies like Edward J. (1999) also founded a small but significant reduction of car 

speed during the mist condition. However, results were based on only two observations of 

mist condition. Sabir M. et al (2011), on the other hand, concludes that adverse weather 

conditions in general have a relatively limited impact on car commuting speed, except from 

wind strengths and snow that showed a negative effect on speed of approximately 2% and 7% 

respectively. They conclude also that free-flow speed is not affected by rain. 

Even when some of the results coincide, the results are difficult to compare in magnitude. Too 

many parameters are involved in each study that could influence the outcome in each case 

(type of vehicle, route length and route functional classification, period of study, geographical 

location, altitude, climate characteristics in the area, trip purpose, etc.). All these, encourage 

transport research to constantly evaluate weather effects on traffic in both microscopic and 

macroscopic terms. 

Regarding reliability, it is known that TTV has become increasingly important for ITS during 

the last years. Previous research on this field are difficult to find, however, when this 

parameter has been considered, the methods implemented and the outcome obtained, also 

change significantly between locations. 

For example, Tu H. et al (2007) analyze the impact of rain, snow, ice, fog and storm on travel 

time variability, on freeway corridors in The Netherlands. By using the method of the 90th 

and 10th percentiles of travel times on a specific route, they found that, on average, rain, 

snow, ice, and fog increase travel time variability.  Hawkins (1988) established that mean 

speed was the variable most affected by adverse weather conditions and that standard 

deviations of speed decreased with reducing visibility. 
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Other studies of TTV are more oriented to day to day variability and not to change in 

variability due to weather impact. 

2.4.4 Fighting weather - Applications 

As mentioned above, weather conditions can impact travel decisions, travel safety and 

mobility in general. It is clear that not much can be done in order to change the weather, but 

what can be done, is to mitigate its impact on the transport network by implementing 

strategies (control, treatment and advisory strategies) in all levels. The better users and 

providers comprehends the effects of weather on traffic, the better the management and 

performance of the transport networks will be. 

The first step consists of properly monitoring the weather on both macro and microscopic 

levels. Nowadays the advances in meteorology, data sharing and transport systems provide a 

vast amount of possibilities for integrating weather and traffic information. 

One example of this is Road Weather Information System (RWIS). In 1972, STA (former 

Swedish National Road Administration, SNRA) started the installation and use of simple 

weather stations on the Swedish road network as a prevention system for icy roads. For 2012, 

the system comprised around 780 field stations within Swedish road network and more than 

200 road cameras with the objective of monitoring road conditions during winter. The system 

offers an early warning signal when weather conditions become critical and the road 

conditions are affected. The information is transmitted in real time, which allows TMC to take 

the necessary measures. The system provides detailed information on route conditions 

(surface temperature, driving visibility, etc.) (Abdi A., 2012).  Such a system enables on the 

one hand, faster response from authorities, and on the other hand, the possibility to store and 

analyze data in order to better understand the weather effects.   

                                   
                (a) RWIS Åre station (Combitech)                                              (b) RWIS Application (Biral) 

Figure 2.12 RWIS Systems 
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It was mentioned earlier that, as congestion grows in urban areas, weather events will have 

even larger effects on traffic states. On arterial routes, or routes with controlled intersections, 

bad weather could influence the effectiveness of traffic signal timing plans designed for 

regular conditions. The parameters used for signal timing plans in normal conditions (clear, 

dry pavement, good visibility) may not be optimal under bad weather conditions. Precipitation 

can affect traffic operations even after the phenomenon stops, due to the effects of water or 

snow on the pavements surface, the reduction of friction may prompt drivers to reduce their 

speeds. Additionally, reduced friction and lack of visibility may increase headways, and 

decrease acceleration rates. Moreover, in some cases, drivers could adjust to different events 

in different ways (some drivers will reduce or increase the speed more than others), causing 

the increase of speed variance. This can be diminished by, for example, implementing signal 

timing plans adjusted to adverse weather conditions (Goodwin L. 2004). 

Several studies have been conducted based on traffic parameters sensitive to adverse weather 

where researchers had concluded that the reaction time to sudden deceleration of leading 

vehicles, FFS, mean discharge headway, and mean start-up delay were essential traffic 

parameters that must be modified in order to capture and simulate weather impacts on arterial 

traffic flow, proving that successful strategies to modify traffic signal timing in response to 

poor road weather conditions can be introduced.  

Perrin J. et al (2001) showed some examples where special signal timing plans are 

implemented, with favorable results, for adverse weather. First, the City of Charlotte, North 

Carolina implemented special timings in 139 of 600 traffic signals. The specialized timing 

plans have been developed for heavy rain, snow or icy conditions and are implemented by a 

central traffic signal control system.  Then, Utah Department of Transportation (DOT) 

implemented similar strategies in arterial routes in the Salt Lake Valley. Signal timing plan 

cycle lengths remain constant while offsets and clearance intervals are modified for inclement 

conditions. Among other, these timing plans typically increase all-red time by one second, 

increase amber time by 10% to 15% based upon intersection size, decrease “normal” 

condition speeds by 30%, increase start-up lost time by 23%, and decrease “normal” condition 

saturation flow rates by 20%.  

Specific examples are also mentioned by Pisano P. et al (2004) regarding management 

strategies. The first one, consisted of displaying dynamic information to network users. For 

example,  Alabama DOT traffic managers operate an ITS that detects and  automatically alters 
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speed limits with variable speed limit (VSL) signs and adapts lane configuration via lane 

control signs. In this way, traffic managers can guide vehicles on road segments obscured by 

fog, mist or haze. Another example is found in California, where patrol vehicles are used 

when highway visibility reaches certain limits. In this case the patrol vehicles are used to 

cluster traffic into platoons, which are led through affected areas at a safe pace.   

Regarding treatment, the strategies are oriented to improve physical conditions. Different 

tactics can be employed for precipitation events, when pavement is slippery and when 

visibility is reduced.  

For example, when fog and mist are severe, and visibility conditions are extremely poor, 

vehicles with mounted carbon dioxide dispensers can be used to disperse the fog on some 

routes. The gas will encourage the precipitation of the fog particles. On the other hand, 

regarding snow accumulation, good planning and more investment in the field can improve 

notoriously the efficiency of snow removal. Moreover, the use of more advanced materials in 

the construction of roads, combined with the proper road maintenance and the use of anti-

icing chemicals on the road surface may avoid significantly pavement freezing and fails.  

Finally the last strategy category corresponds to advisory strategies.  ITS and AITS allow 

traffic managers to distribute advisory and regulatory traveler information to users and to 

other agencies directly from the TMC.  Roadside warning systems, textual and graphical road 

weather information, web-based applications, and interactive telephone systems can be used 

to warn users of specific weather events or conditions.  

By integrating real time weather data with traffic data from different sources (meteorological 

stations, surveillance systems, TMC, satellites, etc.), current and forecasted pavement and 

weather conditions can be shared to alert, for example, about water level, surface temperature, 

snow accumulation, wind speed (case of bridges), and more.  

The combination of these strategies will make the difference. However, the comprehension is 

essential. Further research is required to improve the understanding of weather on the 

transport networks. It must be possible to quantify how different weather events impact 

arterial traffic performance, to calibrate traffic simulation models ,to handle adverse road 

weather conditions, to introduce weather effect on travel time estimations and predictions and 

to develop effective weather-responsive strategies (e.g. signal timing, VSL, etc.).  
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 METHOD - PROCESS 3

Statistical Regression Analysis is probably the most widely used statistical technique to 

estimates relationships between independent (predictor or explanatory) variables and a 

dependent (response or outcome) variables.  In this study, regression models are developed to 

understand and explain the relationship between travel time and weather conditions by 

intercepting traffic and weather related data.  

In this chapter the working process used to address the objectives and explain this relationship 

is described.  

3.1 DATA 

As important as choosing the model with the greatest explanatory power, is to select and 

process data in an appropriate way. Two different data sources have been used in this thesis, 

in this section they are presented and explained.  

3.1.1 Traffic Data 

Traffic data is rapidly becoming available and offers several opportunities for monitoring 

traffic and improve traffic management operations. However, data must be integrated and 

processed in order to be use and to get a more complete view of historical and real-time traffic 

conditions. I-Mobility Lab located in KTH in Stockholm, permits to accomplish part of these 

goals and aims to develop the use of traffic data from different sources around the city.  

 
Figure 3.1 I-Mobility Lab Structure (Rahmani et al, 2010) 
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For instance, 1000 radar detectors are located on the main highway that passes through 

Stockholm as part of the Motorway Control System (MCS). These detectors are positioned 

approximately every 500 meters and record speed and traffic flow data (lane-specific) 

aggregated over one-minute period. In addition, 500 detectors (e.g. loop detectors) record also 

data for vehicle passage and aggregated data in other locations. Likewise, around 1500 probe 

taxis operating in the Stockholm area provide probe data including time-stamped location 

(latitude and longitude) and status (free or meter-on) with an average transmission frequency 

of 110 seconds (approximately 10 million observations per month). Finally, ANPR-cameras 

allow collecting travel times from approximately 100 routes in and around Stockholm.  

This project is based on the traffic data collected from the ANPR system. The high resolution 

cameras are installed on top of traffic lights and they capture and record the license plates 

numbers. Infra-red illumination source invisible to human eye, integrated to the camera, 

makes possible for the registration unit to works highly efficient in all light conditions (97% 

correct reads with a maximum error rate of 0.01% ).  The plate numbers are then extracted 

through OCR and the processed images are then sent to a remote computer (Q-Free, 2010). 

Couple with the hardware and the OCR, the library in the ALPR system provides a software 

interface that reads the image and returns the textual representation of the vehicle 

identification number, the country of origin and the confidence of the displayed observation. 

             
                     Figure 3.2 OCR Display (Q-Free)                       Figure 3.3 Registration unit (Jarle P.,2009) 

These cameras located in the beginning and in the end of the route define what is known as 

the route section (See picture 2.1). Route travel-times are then inferred and reported for every 

vehicle by combining the information from the ANPR-cameras (point to point detection).  

This data-acquisition technology is available since August 13th, 2011, in the I-Mobility Lab. 

when approximately 160 ANPR infra-red cameras were installed at various locations in 
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Stockholm for the congestion charging plan. In spite that this technology is available since 

August 2011, storage data is available from summer 2012.  

                 
        Figure 3.4 Stockholm's congestion charging                              Figure 3.5 Registration unit installation  

The relevant data for the analysis is the section travel time and the time when the vehicle is 

detected by the first camera. Additionally, each observation (one vehicle detected by two 

consecutive cameras) entries contents a time-stamp report, quality measure, location 

references, exit time and area of interest (Kazagli E. et al, 2012).  

 
Figure 3.6 Sample of ANPR data 

The time stamp, the location references and area of interest refer to internal encoding of the 

system and it is not used in this work. 

The supplier quality refers to accuracy of the image processed. The passage time (seconds) 

corresponds to the time difference between the arrival time and the exit time. These two 

(reported in the format YYYY:MM:DD HH:MM:SS) resemble the time when the vehicle is 

detected by the first camera and when the vehicle is detected for the next consecutive camera 

respectively. 

It is important to mention that it is the arrival time and not the time-stamp that is used as the 

date-stamp reference for the traffic data, and is this date-stamp (arrival time) that is 

intercepted with the weather related data in the following sections.  

As it was explained in section 2.3, one significant problem with ANPR data in urban networks 

is that it is rather “dirty” (It may contain corrupt or inaccurate records). On one hand, ANPR 

timestamp supplier 
quality

pred_location_ref passage 
time

measure_site_ref exit_time arrival_time area 
of_interest

2011-08-14 11:41:00 0,4 STT_LOCSET_119 174 STT_SITE119 2011-08-16 11:40:54 2011-08-17 11:38:00 regional
2011-08-16 11:44:00 0,3 STT_LOCSET_119 39 STT_SITE120 2011-08-16 11:38:44 2011-08-17 11:38:05 regional
2011-09-08 11:47:00 0,67 STT_LOCSET_119 320 STT_SITE121 2011-08-16 11:44:10 2011-08-17 11:38:50 regional
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European Time (CET), temperature, visibility, wind speed denotes the average value and 

weather event and weather conditions refers to the current weather situation. 

Since the weather variables play an important role in this project, it is important to understand 

the real meaning of this parameters and how they are captured in ESSB. Even when some of 

them are quite simple and general, i.e. temperature and wind speed, other parameters need to 

be explained in more detail. 

Visibility for instance, is a measure of the opacity of the atmosphere, but how it is measured 

and from where is measured represents a key element to analyse the results. In this case, the 

visibility value is determined from the airport traffic control tower (ATCT) at the station, and 

represents the greatest distance that can be seen throughout at least half the horizon circle, not 

necessarily continuous (OFCM, 2005). So it is important, even when they are related, to not 

confuse this concept with driving visibility. 

Finally regarding weather phenomenon, the list of weather events (8 in total) and weather 

conditions (56 in total) available for the Stockholm area in UWS can be seen in figure 3.11. 

 
Figure 3.11 UWS events and conditions 

It is important to mention that weather data is also rather “dirty” and hence pre-processed 

before is merged with the traffic data. The basic functionality of the cleaning process is to 

remove outliers and detect faulty observations. Every parameter is checked and non-sense 

values, blank values, and unknown values are excluded from the data to avoid bias in the 

results.  

For instance, the following irregularities need to be excluded: 

Fog Hail Rain Rain snow Rain-Thunderstorm Snow Thunderstorm Blank
Fog Hail Shower Drizzle Light Rain Light Rain Heavy snow Partly Cloudy Clear
Mist Light Hail Heavy Drizzle Light Rain Shower Light Thunderstorm-Rain Heavy snow shower Scattered Cloud Drizzle
Light Frz. Fog Heavy Rain  Rain Rain Light Drizzle Thunderstorm Haze
Light Fog Rain Rain Showers Snow shower Heavy Drizzle
Light Frz. Fog Heavy Rain Shower Thunderstorms-Rain Light snow Mostly Cloudy
Light Fog Light Drizzle Light snow grains Partly Cloudy

Light Frz. Drizzle Light Snow Shower Ice Crystals
Rain Shower Mist Ice Pellets
Light Frz. Rain Snow Light Drizzle
Light Rain Snow Grains Light Frz. Drizzle
Light Rain Shower Overcast

Scattered Cloud
Light Frz. Rain
Light Haze
Light Ice Pellets
Mist
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� Rain observations with temperatures under -10°C (Celsius degrees) 

� When visibility is higher than 50 Km and lower than 0 Km. 

� When temperature is higher than 40°C and lower than -30°C. 

� When wind speed is higher than 100 Km or lower than 0 km/h. 

� When some of the used variables contain NA, unknown, blanks. 

3.1.3 Data Processing  

One of the biggest challenges of AITS is to incorporate weather related data to traffic control 

and traffic predictions. Beyond the complexity of matching these data sources, different 

formats, platforms and algorithms make this process a difficult task for transport modellers.  

In this thesis, intercepting the data basically consists of a time-based procedure. In other 

words, the date stamps represent the main component to match weather observations with 

travel time observations. 

The first step consists of transforming the date/time parameter into the same time-offset for 

both data feeds. The ANPR system that works with Coordinated Universal Time (UTC) is 

transformed to the same time-offset used by the weather station, CET. Remember that the 

date stamp used as reference for the traffic data corresponds to the arrival time.  

When the time difference between these observations reaches its minimum, the weather 

parameters (visibility, temperature, wind speed, weather event and weather condition) are 

integrated with the travel time parameters (date stamp and passage time). See figure 3.12. 

 
Figure 3.12 Integrated data input 

It should be noted that the information about the weather events and conditions is not numeric 

and hence the correlation cannot be computed as it is. For this analysis, weather events and 

weather conditions are grouped and combined according type and intensity, into five different 

categories i) rain, ii) snow, iii) severe rain, iv) severe snow and v) mist/haze/fog (MHF). See 

figure 3.13. 

Arrival_time/time 
stamp

Passage time 
(sec)

Temperature 

(°C)
Visibility 

(Km)

Wind Speed 

(Km/h)

Weather 

Event

Weather 

Condition

2011-08-17 11:38:00 174 -9.0 2.3 5.6 Snow Light Snow
2011-08-17 11:38:05 39 -9.0 3.7 5.6 Snow Light Snow
2011-08-17 11:38:50 320 -9.0 1.9 3.6 Snow Light Snow
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Figure 3.13 Grouped weather events and conditions 

The criteria to create the weather categories is based on the Federal Meteorological Handbook 

No. 1 for Surface Weather Observations and Reports (OFCM, 2005) that defines the 

observing, reporting, and coding standards for surface based meteorological reports, used by 

UWS. 

Snow is created by including all the events and condition that involve non-liquid precipitation 

within temperatures lower that 0°C. Rain, on the other hand, contains all the conditions and 

event that imply liquid precipitation and precipitation over 0°C (hail). MHF contains the 

events and condition that without the presence of precipitation reduce visibility.  Lastly, the 

intensity is defined by the quantity of precipitation recorded, where the categories severe rain 

and severe snow are set for values over 7,6mm per hour. 

Travel times are then compared through regression models to observe whether temperature, 

visibility, wind speed, rain, snow or MHF affect the speed and speed variability. 

3.2 MODEL 

It is known that regression analysis is broadly used for prediction and for estimating the 

relationships among variables.  More specifically, regression analysis helps to understand how 

a dependent variable changes when any one of the independent variables is varied.  

Many techniques for running regression analysis have been developed. However the best 

method or technique to implement depends mainly on the data available and on what the 

modeler aims to measure.  In this study, several linear regression models are developed to 

determine how a finite number of weather variables affect the speed in arterial routes in 

Stockholm. 

Snow Severe Rain Severe snow Mist/Haze/Fog

Rain* Light Freezing Rain Snow* Hail showers Heavy Snow Fog*
Rain snow* Light Rain Heavy Snow Heavy Drizzle Snow Showers Fog
Rain Thunderstrom* Light Rain Showers Ice Crystals Heavy Rain Heavy Snow Showers Light Fog
Thunderstom* Rain Ice Pellets Heavy Rain Showers Light freezing Fog
Hail* Rain Showers Light Ice Pellets Rain Showers Mist
Drizzle Thunderstorms Light Snow Thunderstorms and Rain Patches of Fog
Hail Showers Thunderstorms and Rain Light Snow Grains Shallow Fog
Heavy Drizzle Light Hail Light Snow Showers Haze
Heavy Rain Light Thunderstorms and Rain Snow Light Haze
Heavy Rain Showers Snow Grains
Light Drizzle Snow Showers
Light Freezing Drizzle Heavy Snow Showers
*weather event

Rain
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� = �� + ��	� +  Ɛ�                                     (2) 
i =1,…,n 

Nevertheless, in order to have a deeper understanding, it is measured not only the direct 

impact of weather on speed, but also if there is any impact on speed variability. For this 

reason two different models are developed in this paper. The first model, Disaggregate Model 

(DM) aims to measure the direct impact of weather on speed while the second model, 

Aggregate Model (AM) targets to measure the impact on speed variability and to validate the 

results obtained from the first model. See figure 3.14.  

 
Figure 3.14 Work process diagram 

The main difference between these models is how the observations are included into the 

model. In the first case, every travel time recorded and matched with the correspondent 

weather information is considered as one observation. However, in the second model, the data 

is aggregated every 15 minutes and used as a single observation so that the standard deviation 

can be captured. In other words, for every quarter hour, the average travel time is computed 

together with the standard deviation and then included into the model input. 

Even though the parameter captured from the ANPR is the travel time, this value is 

normalized by the distance of the routes so that they can be compared. For this reason speed is 

the variable used for the analysis undertaken in this thesis. (See section 4.2) 
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Then, the average speed is simply the arithmetic average of the values for every 15 minutes 

interval in the day, from quarter 1 (00:00-00:15) to quarter 96 (23:45-00:00). It is computed 

by summing the values of each individual speed  X1, X2,…, Xn and dividing by the number 

of observations (n) founded in the specific quarter, as it is shown in equation  3. 

�̄ (�,…, �� ) =  
� ∑ �������                                 (3) 

The standard deviation on the other hand, measures the spread of the distribution about the 

mean. It is computed as the square root of the arithmetic average of the squared differences 

between the values and the mean and it is expressed in the same physical unit as the original 

data.  

� = �∑ (���̄)� ������
��                                                 (4) 

Where  

S = Standard Deviation 
x=each value in the sample 
x̄=the mean value 
N= number of observations 

Nevertheless, in both models the dependent variable y, refers to a traffic performance 

indicator (e.g. speed, mean speed, standard deviation of speed) while the independent 

variables x are chosen according to available data and divided into two main clusters i) flow 

related variables and ii) weather related variables.  

Additionally, both, the DM (Disaggregate Model) and the AM (Aggregate Model) are then 

divided into different sub models according different dimensions, Location, Time of study, 

and Significance. See figures 3.15 and 3.16. 

The first dimension (See figure 3.15) refers to Location. Under this dimension, different 

models are created to analyze different arterial routes in Stockholm. On one side, the Site 

Specific models analyze three different routes or locations (Location l = Birger Jarlsgatan, 

location 2 = Ringvägen, Location 3 = Drottningholmsvägen/Saint Eriksgatan).  On the other 

side, a comparison model, Merged, is created including all the locations considered, in order 

to obtain a global picture. Section 4.1 presents an overview of the arterial routes selected for 

this project.  
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Figure 3.15 Disaggregate Model (DM) structure 

The second dimension (See figure 3.15), Time of study, consists of two different models, 

regarding day time period. Because traffic volume and of course traffic flow can vary during 

the day, depending on the street and direction, two periods, 7am-12m  (Morning) and 24 

hours period are evaluated separated. In this way it can be compared how weather affects the 

travel time in high demand traffic and when traffic demand is more heterogeneous. This 

distinction in the dimension Time of study, does not apply for the AM due to the significant 

reduction of the number of observations that the filtering and the data aggregation processes 

imply. 

The third dimension, Significance, distinguishes between two different models. The first one, 

Full, includes all the weather variables available and tested in this project, while the second 

model (Final) includes only those weather variables that show the highest overall impact on 

traffic performance and the highest statistical significance level. 
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Figure 3.16 Aggregate Model (AM) structure 

The models are refined after testing various combinations of independent variables regarding 

different dimensions: intensity, duration, area of influence and flow demand. In the following 

section it is explained how the different variables are defined and included into the different 

models. 
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 MODEL DEVELOPMENT - CASE STUDY  4

Previous study showed that the results on how weather affect traffic performance can 

significantly change between geographical location (countries, regions, states), but even 

within the same city, the routes functional classification may also change the outcome. This 

study is based on three arterial routes in Stockholm inner city.  

4.1 LOCATION 

Stockholm’s ANPR system covers a wide range of arterial routes in the city (See figure 4.1 

and 4.2). For this thesis three different routes, Birger Jarlsgatan, Ringvägen and 

Drottningholmsvägen/Sankt Eriksgatan, are studied in detail.   

 
Figure 4.1 Arterial routes around Stockholm where ANPR data is collected 
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Figure 4.2 Arterial routes in Stockholm inner city where ANPR data is collected 

In this section, an exploratory analysis is conducted in all the selected routes in order to 

correctly treat the data and to better comprehend the results. The site selection criterion used 

for this study was based on the availability of continuous ANPR data.   

4.1.1 Birger Jarlsgatan 

Birger Jarlsgatan is located in central Stockholm and connects Roslagstull 

(Vallhalavägen/Cedersdalsgatan) and Nybroplan. This study focuses only in the south part of 

Birger Jarlsgatan, delimited by the ANPR system location, between the intersection Birger 

Jarlsgatan/Rådmansgatan (ID 199018, GPS E: 18.06427. GPS N: 59.34202) and the 

intersection Nybroplan/Hamngatan (ID 199010 GPS E: 18.07584. GPS N: 59.33301). See 

figures 4.3, 4.4, 4.5.  

Each route is denoted by an ID that indicates also the traffic direction. In this case, just the 

southbound direction STT_LOCSET_119 (route 119 figure 4.2) is analyzed. 
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In this case, the analysis is conducted in the eastbound direction (route 50 on figure 4.2) 

between the intersection Hornsgatan/Ringvägen (101785, GPS E: 18.05108 N: 59.31753) and 

Ringvägen/Söderledstunneln (101855, GPS E: 18.07701, N: 59.30775). 

 
Along the 1.9Km of road it can be observed how vehicles, public transport (bus routes 3, 4, 

43, 55, 74, 94, 164), cyclist and pedestrians interact on a typical urban residential area. 

It is important to mention the presence of certain facilities that may affect the travel time 

observations in this road. Apart from the residential buildings, with restaurants in the bottoms 

floors, it can be observed for instance, one of the biggest hospitals in the city 

(Södersjukhuset), a football stadium (Zinkendamms stadium) a park (Zantolunden Park) and 

several auxiliary streets. 

On the other hand, commuters who use this road to connect from Zinkesdamm and Hornstull 

to Skanstull and Söderledstunneln may represent an important number of valid travel time 

observations for this study.  

The speed limit is 50Km/h and the free flow travel time is 2.28 minutes (137sec). 

4.1.3 Drottningholmsvägen & Sankt Eriksgatan  

Drottningholmsvägen & Sankt Eriksgatan (Route 68) consists of two segments of two 

different roads in the east side of Stockholm. The route to analyzed is the segment between 

Alviksplan (ID 199003 GPS E: 17.97464 N: 59.33371) to the intersection 

Fleminggatan/Sankt Eriksgatan (ID 101632 GPS E: 18.03310 N: 59.33455), direction towards 

the city center. 

                        
                       Figure 4.7 Alvikplan Figure                         Figure 4.8 Intersection Fleminggatan/Sankt Eriksgatan 

Even when this route belongs to the same route functional classification as Ringvägen and 

Birger Jarlsgatan, it has some characteristics that make its analysis quite particular.  
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First, this route is the only existing (direct) connection between Bromma and Kungsholmen. 

Different speed limits and number of lanes are found in its trajectory. For the first two 

kilometers the speed limit is 70Km/h and for the remaining 1.5 Km the speed limit is 50Km/h. 

This result in a total distance of 3.5km and a free flow travel time approximately of 3.51 

minute (211 sec). It is also found that bus lines (64, 20) and lateral parking are present only in 

the last segment of the route.  

 
Figure 4.9 Selected routes in Stockholm 

 
Figure 4.10 Approx. distance between the selected routes and the selected weather station 

Finally it is important to mention that from the three routes, this is the closest route to the 

Bromma Airport Meteorological Station (See figures 4.9 and 4.10). This should be kept in 

mind when interpreting the results.  

4.2 MODEL DESCRIPTION 

It is said before that the main objective of this project is to determine how different weather 

conditions and events impact speed and speed variability in arterial routes in the Stockholm 

area. 

Nevertheless, several options of dependent variables could be used for determining the 

weather influence on the above mentioned. It is important then to choose the parameter that 

Location Distance to ESSB (Km)
Birger_Jarlsgatan 7,3
Ringvägen 8,7
Drottningholmsvägen/St_Eriksgatan 4,7
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better reflects this influence. For this reason, parameters like travel time (tt), natural logarithm 

of the travel time (ln_tt), speed (speed), standard deviation of travel time (stdev_tt), standard 

deviation of speed (stdev_speed), inverse of speed (1/speed), common logarithm of the travel 

time (log_tt), natural logarithm of the speed (ln_speed), were tested before defining the 

dependent variable for our models. Based on the coefficient of determination R and R2, the 

correlation with the explanatory variables and the significance level, the selection process 

resulted on choosing speed and standard deviation of speed (stdev_speed) as the measured 

variables. 

It is important to mention that speed, in this case, refers to the average speed of the vehicle in 

the segment of study. This value is calculated as follows 

� = �/��                                                              (5) 

Where tt denotes the travel time (passage time on figure 3.12) and d denotes the route length. 

An additional value of using this parameter as an independent variable is given by the fact 

that later it allows to easily compare results between different arterial routes whose lengths 

are different. If travel times are instead used as indicators among different routes with 

different lengths, it may lead to misinterpretation of the results. 

Besides the different alternatives for selecting the dependent variable, there are also numerous 

alternatives for choosing the regressors (independent variables). As it was mentioned in 

section 3.2 these variables are divided in clusters, flow related variables and weather related 

variables.  

Regarding the flow related variables, this study considered five groups, hour, day, season, 

location and one last group location_vs_hour obtained after combining hour and location.  

For simplicity, these groups are created and used as vectors in the model equation (See 

equation 6). 

In order to create the required dummy variables, time stamp is used as reference to allocate 

each observation with a numeric value indicating, hour of day (1 to 24), day of week (1 to 7), 

month (1 to 12), season (1 to 4), location (1 or 0 indicating whether the observation 

corresponds or not to the particular site), and location vs. hour (1 or 0 indicating whether the 

observation corresponds or not to the particular site in the selected hour). Observe that only 

seasonal variation is of our interest, so months are grouped according the four seasons.  
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Hence, the general model equation can be expressed as:  

�� = !" + #�$%&'*,�$- + !�.(01��.) + !�2(3415'6�2) + !�7(8'91��'6�7) +
!�6(8'91��'6_�5_:'*,�6) + !�'(;41�:4,�')  + <�                     (6) 

Notice that the groups (vectors) location and location_vs_hour are certainly not included in 

the Site Specific models, instead, they are used only for the Merged models. So, the equation 

for a particular site can be expressed as: 

�� = !" + #�$%&'*,�$- + !�.(01��.) + !�2(3415'6�2) + !�'(;41�:4,�') + <�    (7) 

Vector Hour, contains all the dummy variables corresponding to time of the day. Each 

element of the vector refers to the dummy variable for one hour period. This vector varies 

according to dimension Time of study. In the Morning models, only dummy variables from 

hours between 7 and 12 are used, otherwise, in the 24 hours model, all dummy variables are 

included.  

On the contrary, vector Day and Season, are constant for all the models. It is important to 

mention that not all the days of the week are included. This work focuses only on the 

observations captured from Monday to Thursday. In this way more complex variations in 

travel time caused by factors other than the weather are reduced. On Fridays and weekends 

traffic performs differently. The trip purposes change (leisure increase and work trips 

decrease), which implies not only a different behaviour of drivers, but also, a greater 

percentage of trip cancellations due to bad weather. 

Remember that location and location_vs_hour, are only used in the Merged models where all 

the routes are included and compared, and they are naturally not included in the Site Specific 

models. The difference between these two is that, location consists of a dummy variable that 

indicates the route were the observation was taken (e.g. Birger Jarlsgatan, Ringvägen, 

Drottningholmsvägen/Sankt Eriksgatan) and location_vs_hour consists of the iteration 

between the dummy variables for hour and location. This combination is needed since the 

fluctuation of traffic during the day varies from one route to the other.  

Considering now, the weather related variables (Weather), the process is more complicated.  

The first step consists on creating dummy variables for each of the weather groups mentioned 

in figure 3.13. Additionally, in order to recognize the influence of the duration of rain and 
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snow on the travel times, two dummy variables, one for rain and one for snow are created and 

included in the models. In the case of rain duration, the variable raining>1h indicates when 

the phenomenon is present for 60 consecutive minutes or more. In the case of snow duration, 

the variable snowing>3h indicates when the phenomenon is present for three hours or more. 

This difference in time (1 hour for rain and 3 hours for snow) is decided because of the 

implications of these events on the pavement surface. Concerning rain duration, what is 

important is to consider when the pavement surface is wet, while in the case of snow, what is 

important is the accumulation of it. 

Temperature and visibility were tested also in order to obtain the variable that better explains 

the influence of these parameters on the travel time. Different ranges for temperature and 

visibility and different combination of these ranges were tested before obtaining the best 

variable. In the first case, a dummy variable was created to indicate when temperature was 

higher or equal to 0°C. This is based on the fact that under 0°C frozen water may generate ice 

formation on the pavement surface, reducing even more pavement’s friction. Furthermore it 

could be expected longer travel times with lower temperatures due to mode change from walk 

and bike to private vehicles and PT. On the other hand, for visibility, a dummy variable was 

created to indicate when the visibility was equal or higher than 10 Km.   

According to the significance level and to the magnitude of the coefficients of these weather 

variables in the Full models, the “best” and more representative variables are selected and 

used in the Final models. This, states the distinction in the last dimension of the model, 

Significance. 
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 RESULTS AND ANALYSIS 5

In this chapter the results obtained from the data processing and models performance are 
compiled, and presented.   

5.1 EXPLORATORY ANALYSIS  

In order to correctly interpret the models’ output and to develop further analysis an 

exploratory analysis has been conducted to investigate the features of the data used in both 

models presented (Disaggregate Model and Aggregate Model). 

Beyond presenting an overview and a summary of descriptive statistics of the data used, this 

analysis is carried out in order to comprehend the similarities and differences between the 

different locations.  

5.1.1 Descriptive statistics   

The analysis presented in this section is based on observations capture between August 2012 

and June 2013 from Mondays to Thursdays, after both data sources (traffic and weather data) 

were matched.  

Tables 5.1 to 5.4 present a summary of the descriptive statistics for travel time and average 

speed for both the Disaggregate (DM) and the Aggregate (AM) models. Results are shown for 

each site separately. 

      Table 5.1 DM travel time descriptive statistics                  Table 5.2 AM Travel time descriptive statistics 
 

             

Travel Time 
(DM)

Birgerl 
Jarlsgatan

Ringvägen
Drottningholms

vägen/St. 
Eriksgatan

Mean 250,96 257,19 303,21
Std. Error 0,239 0,244 0,303
Std Dev. 68,55 60,42 102,90
Kurtosis 1,14 0,39 12,13
Skewness 0,93 0,38 2,66
Range 478 432 1 570
Minimum 90 85 119
Maximum 568 517 1 689
Count 82 477 61 341 115 542

Travel Time 
(AM)

Birgerl 
Jarlsgatan

Ringvägen
Drottningholm

svägen/St. 
Eriksgatan

Mean 242,32 238,12 295,45
Std. Error 0,544 0,631 0,852
Std Dev. 60,47 54,32 100,10
Kurtosis 1,52 -0,55 7,05
Skewness 1,01 -0,05 2,37
Range 454 429 968
Minimum 95 85 132
Maximum 549 514 1 100
Count 12 343 7 405 13 812



44 
 

Regarding travel times, it is important to notice the resemblance and closeness between the 

mean travel time values for each route, even though their lengths are different (1.3Km, 1.9Km 

and 3.5Km). For this reason, it may be reasonable to use average speed (distance/travel time) 

instead of average travel time as an indicator of traffic performance.  

If the values between the DM (on the left) and the AM (on the right) are compared, it can be 

seen that results regarding mean travel time are fairly similar. Since the AM (Aggregate 

Model) data is generated after averaging the DM (Disaggregate Model) data every 15 

minutes, the main difference resides in how spread out the data is. For the second case, lower 

values of standard deviation, smaller range and lower count number (number of observations) 

can be seen. For the DM a total of 259.360 valid observations are counted while for the AM 

just 33.560 valid observations are computed (around 13%).    

Another interesting approach is to compare the number of observations between the routes. 

Observe that Ringvägen shows the lowest number of observation (61.341), followed by 

Birger Jarlsgatan (82.477) and Drottningholmsvägen/St. Eriksgatan (115.542). This output 

can be explained by two different approaches, i) Some routes are more attractive than others, 

and the demand is of course higher and ii) The number of matched plates may be different 

among different sites, based on the route characteristics.  

Table 5.3 DM Average speed descriptive statistics                Table 5.4 AM Average speed descriptive statistics 
 

              

Figures 5.3 and 5.4 present the summary regarding average speed. In this case the difference 

between each route can be better appreciated. Birger Jarlsgatan, for instance, shows the lowest 

average speed while Drottningholmsvägen/St. Eriksgatan shows the highest average speed.  

Another important element to note in these tables is the maximum value. In section 4.1, the 

maximum allowed speed for each route was presented. However, tables 5.3 and 5.4 display 

Speed (DM)
Birgerl 

Jarlsgatan
Ringvägen

Drottningholms
vägen/St. 
Eriksgatan

Mean 19,99 28,19 44,94
Std. Error 0,018 0,029 0,033
Std Dev. 5,26 7,21 11,12
Kurtosis 0,85 1,78 0,33
Skewness 0,66 1,13 -0,10
Range 43,76 67,24 98,42
Minimum 8,24 13,23 7,46
Maximum 52,00 80,47 105,88
Count 82 477 61 341 115 542

Speed (AM)
Birgerl 

Jarlsgatan
Ringvägen

Drottningholm
svägen/St. 
Eriksgatan

Mean 20,46 30,46 46,05
Std. Error 0,044 0,091 0,093
Std Dev. 4,88 7,85 10,93
Kurtosis 1,32 0,54 0,44
Skewness 0,66 0,99 -0,40
Range 40,73 67,16 84,00
Minimum 8,53 13,31 11,46
Maximum 49,26 80,47 95,45
Count 12 343 7 405 13 812
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Figure 5.4 Average speed during the day on the selected routes 

 
Figure 5.4 illustrates the routes average speed during the day for the selected routes. Observe 

that Birger Jarlsgatan shows the lowest average speed and the more constant behaviour. On 

the contrary, Drottningholmsvägen shows the largest values of speed but also significant 

fluctuation between different hours of the day. Since the routes’ capacity, length, demand, and 

speed limit are not the same, between Drottningholmsvägen and the other two routes, it is 

difficult to perceive the real meaning of this difference in the speed. However, when 

comparing Ringvägen and Birger Jarlsgatan, due to the similarities between them (two lanes 

in each direction, speed limit 50Km/h, exclusive lanes), it can be assumed that the differences 

in the speed may be a consequence of the congestion levels for each case. 

Another factor worth mentioning in this context is the amount of data for all the assessed 

routes. Figure 5.5 illustrates the number of observations (count) for each route according to 

hour of day. As can be seen, the trend and shape is similar for all the cases. The lowest values 

are present in the early morning (00:00 - 05:00am), then it increases to its maximum during 

the day and finally it decreases again after reaching its maximum. However, the number of 

observations captured and the time of day when the maximum number of observations is 

reached change between locations. In Birger Jarlsgatan (Location 1), around 6000 observation 

per hour were captured between 13:00 and 15:00. In Ringvägen (Location 2), a maximum 

close to 5000 observations per hour is reached between 16:00 and 17:00. Finally, 

Drottningholmsvägen/St. Eriksgatan (Location 3) shows the higher number of observations 

among the routes (around 7000 observation per hour, between 7:00 and 12:00).  
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Additionally, characteristics of the surroundings, the geographical location, the activities that 

take place on the locations selected and the quality of the data may influence how demand 

fluctuates over time.  

5.1.3 Weather event vs. location 

Regardless that the weather observations obtained from the UWS describes the weather 

situation in Stockholm’s inner city, the real number of times each weather event is reported in 

one location varies according to the traffic observations.  

Remember that weather data is matched with traffic data for every route, which means that 

the presence of weather phenomenon changes according to location. In this sense, it can be 

expected that the routes with the most number of observations will have the highest number of 

weather events. 

Table 5.5 Number of weather events observation according location and time of study 

 

Figure 5.7 shows that for most of the events, Drottningholmsvägen/St. Eriksgatan has the 

largest number of entries, followed by Birger Jarlsgatan and lastly Ringvägen.  The same 

effect occurs between the models in the dimension Time of study, where the number of entries 

is also significantly reduced from the 24 hour models to the Morning models. 

Beyond noticing the difference in the number of cases among the different routes and the 

different times of study, it is also important to note the difference in the number of cases 

present for each phenomenon. It can be clearly seen that rain events are more frequent than 

snow events, which in turn it is more common than mist, haze and fog (MHF). Also worth 

mentioning is that severe rain and severe snow events are barely present in some routes. 

24 hours Morning 24 hours Morning 24 hours Morning
Temp.> 0 65614 15959 54715 15780 86166 26173

Visibil ity > 10 29023 6182 22095 6016 38381 10952

Rain 11501 2380 9546 3165 15972 4724
Snow 6347 1468 2784 701 11041 3646
MHF 2111 675 1213 446 3905 1319
Severe Rain 476 40 185 36 1110 696
Severe Snow 54 1 44 0 472 389

Raining>1hr 4825 1233 4872 1833 6869 2373

Snowing>3hr 1786 480 1061 221 3355 1284

Drottningholmsvägen/
St. EriksgatanLocation

Birgerl Jarlsgatan Ringvägen
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Severe snow for instance is totally absent in Ringvägen in the Morning model and only one 

entry exists for the Morning model in Birger Jarlsgatan. 

This information is presented an explained so that the effects of these phenomena could be 

well interpreted from the models’ output, which is explained in the following section.   

5.2 MODEL OUTPUT  

As explained in the previous chapters, this work is based on the performance of two main 

types of models, DM and AM, which are divided into a set of sub models according to 

variables measured, location, time of study and significance. This represents a total of 32 sub-

models (16 in the DM and 16 in the AM) that are developed in this thesis (See Appendix A 

and B). However for simplicity, in the body of this document, the most representative cases 

are presented and analysed. 

5.2.1 Disaggregate Model DM 

Time of study 

One of the differences between the DM and the AM is that in the DM two different time 

periods are analysed separately with the intention of reducing the effect of time variations. 

However, the regression output shows that the results for the 24-hour period are more 

significant than the results obtained in the morning period.  

One indicator could be the coefficient of determination, R-squared (R2). As is known, R-

squared gives some information about the goodness of fit of a model. Even when R-squared 

does not indicate whether a regression model is more adequate than another model, it 

measures how close the data are to the fitted regression line. In this analysis, it can be noticed, 

that the R-squared values for all the models from the morning period are lower than those 

from the 24 hours period. For example, the model DM/Drottningholmsvägen/24hours/full 

(See table 5.6) displays an R-squared of 0.424 while the model for 

DM/Drottningholmsvägen/Morning/Full presents an R-squared of 0.281 (28%). (See 

Appendix A.1)  

Additionally, another important factor considered is the number of observations and weather 

events present in the morning models. As was shown in the previous section (table 5.5) there 

is a significant reduction of observations when the time of study is reduced from 24 hours to 5 
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hours for the morning model.  It can be seen in Appendix A.4 and A.2 that the value of N 

(number of observation) decreases almost 70% from 115.541 in the model 

DM/Drottningholmsvägen/24hour/Final to 35.330 in the model 

DM/Drottningholmsvägen/Morning/Final. For these reasons, more attention is paid to 24 

hours models. 

Finally, one of the reasons for developing different models in the dimension Time of day was 

the will to obtain a better overview of the weather influence on the speed. However, when 

comparing the coefficients between the 24 hour and the Morning model, there is no evidence 

showing a clear difference in signs and/or in magnitude of these coefficients.  

Location  

Once the overall distinction regarding Time of study is explained, it is easier to go deeper in 

the Location dimension.  

Under this dimension, the first category site specific is used in order to compare the models 

for each route separately. For this reason, before analyzing the results in detail, it is important 

to describe important differences between the models.  

An important factor to also consider in this case is the number of observations and the 

presence of the weather events in the routes. From this perspective, Ringvägen presents the 

least favorable figures among the three routes. Some weather events are rarely observed in 

this route and there were no observations during summer. These elements make the 

comparison process more difficult, but facilitate the selection of the most representative 

model to show under this category. 

In table 5.6 the results obtained from the Disaggregate model Birger_Jarlsgatan/24hours/Full 

are compared with the model Drottningholmsvägen/24hours/Full. In this case, the number of 

observations (N), and the multiple correlation coefficient (R, implicit R-squared) favor 

Drottningholmsvägen. But more important than the model summary figures, is the 

significance level of the variables in the model. For Birger Jarlsgatan, it can be noticed that a 

total of seven variables (2100_2200, 2200_2300, autumn, wind_speed, MHF, severe_rain, 

severe_snow) are not statistically significant and display a Sig-value (P-value) higher than 

0.05, while for Drottningholmsvägen/St. Eriksgatan, just one variable (severe_snow) is not 

statistically significant. The p-value for each variable tests the null hypothesis or that the 

variable coefficient is equal to zero (in our case, if the coefficient is equal to zero, it means 
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that the variable does not have an effect on the speed). A low p-value (< 0.05) indicates that 

you can reject the null hypothesis. In other words, a variable that has a low p-value is likely to 

influence the response variable. Conversely, a larger (insignificant) p-value suggests that 

changes in the predictor are not associated with changes in the response. 

If instead Drottningholmsvägen/24hours/Full is compared with Ringvägen/24hours/Full, the 

outcome is the same. As can be seen in Appendix A.3, for Ringvägen/24hours/Full there are 

also seven variables that are not statistically significant. 

Table 5.6 Output Comparison for DM/24 hours/Full between Birger Jarlsgatan and Drottningholmsvägen 

 

Coefficient t-statistics Sig. Coefficient t-statistics Sig.

(Constant) 23,25 174,586 0,000 (Constant) 56,18 265,320 0,000
0100_0200 0,82 4,783 0,000 0100_0200 1,17 4,518 0,000
0200_0300 0,73 3,883 0,000 0200_0300 2,37 8,756 0,000
0300_0400 1,33 6,315 0,000 0300_0400 3,12 11,064 0,000
0400_0500 2,79 10,668 0,000 0400_0500 3,90 13,077 0,000
0500_0600 4,96 22,672 0,000 0500_0600 1,83 7,354 0,000
0600_0700 3,71 22,723 0,000 0600_0700 -4,81 -23,072 0,000
0700_0800 0,44 3,128 0,002 0700_0800 -14,38 -70,331 0,000
0800_0900 -2,88 -21,451 0,000 0800_0900 -23,54 -114,715 0,000
0900_1000 -2,96 -22,369 0,000 0900_1000 -13,11 -63,927 0,000
1000_1100 -2,58 -19,965 0,000 1000_1100 -9,74 -47,731 0,000
1100_1200 -4,51 -35,044 0,000 1100_1200 -9,60 -46,920 0,000
1200_1300 -5,81 -45,343 0,000 1200_1300 -11,40 -55,427 0,000
1300_1400 -6,24 -49,010 0,000 1300_1400 -10,51 -50,562 0,000
1400_1500 -5,67 -44,723 0,000 1400_1500 -10,90 -52,288 0,000
1500_1600 -5,46 -43,059 0,000 1500_1600 -17,11 -79,520 0,000
1600_1700 -5,29 -41,456 0,000 1600_1700 -24,91 -114,395 0,000
1700_1800 -5,45 -42,276 0,000 1700_1800 -21,40 -101,078 0,000
1800_1900 -3,16 -24,114 0,000 1800_1900 -11,80 -55,851 0,000
1900_2000 -0,28 -2,074 0,038 1900_2000 -6,42 -29,644 0,000
2000_2100 -0,62 -4,514 0,000 2000_2100 -7,21 -33,055 0,000
2100_2200 -0,11 -0,827 0,408 2100_2200 -6,18 -27,826 0,000
2200_2300 0,08 0,634 0,526 2200_2300 -5,34 -25,033 0,000
2300_0000 -0,49 -3,587 0,000 2300_0000 -2,15 -9,373 0,000
Tuesday -0,83 -17,885 0,000 Tuesday -1,25 -17,272 0,000
Wednesday -1,37 -30,103 0,000 Wednesday -1,34 -18,709 0,000
Thursday -1,67 -36,989 0,000 Thursday -1,09 -15,186 0,000
Autumn -0,01 -0,299 0,765 Autumn -2,42 -25,668 0,000
Winter 0,79 13,748 0,000 Winter -0,81 -8,200 0,000
Spring -1,09 -18,432 0,000 Spring 0,38 3,846 0,000
Temp.> 0 0,97 18,337 0,000 Temp.> 0 1,72 23,838 0,000
Visibility > 10 0,07 2,035 0,042 Visibility > 10 0,47 8,350 0,000
Wind Speed 0,00 0,141 0,888 Wind Speed -0,01 -2,256 0,024
Rain -0,66 -11,149 0,000 Rain -0,66 -6,900 0,000
Snow -0,87 -11,430 0,000 Snow -1,26 -11,223 0,000
MHF 0,20 1,935 0,053 MHF 1,58 10,814 0,000
Severe Rain 0,36 1,708 0,088 Severe Rain -0,62 -2,346 0,019
Severe Snow -0,08 -0,115 0,908 Severe Snow -0,20 -0,496 0,620
Raining>1hr 0,41 4,792 0,000 Raining>1hr 1,25 9,128 0,000
Snowing>3hr -0,66 -5,264 0,000 Snowing>3hr -1,26 -7,174 0,000

R2 R2

N N
0,424

113282

DM/Birger_Jarlsgatan/24hr/Full

0,275
81141

DM/Drottningholmsvägen/24hr/Full
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Regarding the coefficients results, several things need to be noted in Table 5.6. First, the 

variables that presented the greatest magnitude correspond to the group “hour of day”. In 

other words, this first group of variables (vector: hour), shows to be the group of variables 

that contribute to speed variation the most.  

Compare for example the variables that hold the highest coefficients among the two groups, 

hour and weather. In the case of Birger Jarlsgatan 1300_1400, it displays a coefficient of -

6.24. This means that the average speed between 1pm and 2pm is 6.24 Km/h lower than the 

average speed between 12am and 1am (0000_0001: comparison variable for vector hour). 

This represents a reduction of 31% compare to the overall average speed on this route. 

On the other hand, temp>0 is the weather variable that presented the largest value for its 

group (0.97). In this case, it shows an increase of 0.97Km/h on the speed when temperatures 

are higher than 0°C. (This represents 4.85% of the average speed on this route). 

For Drottningholmsvägen, temp>0 is again the weather variable holding the highest 

coefficient, but in this case it is the variable 1600_1700 that presents the greatest magnitude 

for the Hour group. This difference in hour of day just confirms how the speed varies during 

the day from one location to another.  

Regarding day of the week (vector: Day), both models show how the speed varies also 

between days. In both locations the variables Tuesday, Wednesday and Thursday showed 

lower average speed than Monday (comparison variable) and Thursday in Birger Jarlsgatan 

indicates the biggest percentage with a reduction of 1.67Km/h. 

Concerning weather variables it is important to notice, for the moment, the overall effects. 

Detailed results and comparisons are explained afterwards.  

Dimension location, consists not only of individual routes. Remember that a combined model 

is also introduced in this dimension to get a general idea of the impact on arterial routes.  

There are both advantages and disadvantages of combining different routes into the same 

regression model. An important drawback to take into account is that bad data quality in one 

route could be drawn to the combined model as well, decreasing the quality of the model.  

In contrast, as long as the results are well interpreted, the main advantage of integrating all the 

routes into the same model is that it facilitates the comparison between those routes. In the 
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merged models presented in this project, two route-related variables, Location and 

Location_vs_hour were incorporated to capture the variation between the sites.  

Location consists then of three variables, BJ (Birger Jarlsgatan), Drott 

(Drottningholmsvägen/St. Eriksgatan) and Ring (Ringvägen, comparison variable). 

Location_vs_hour, on the other hand, consist of variables for each hour of the day for each 

route (e.g. BJ_0100_0200, BJ_0200_0300, Drott_0300_0400…). 

As can be observed in Table 5.7, the difference between the site specific and the merged 

model is given basically by two elements. First, the presence of these two vectors (location 

and location_vs_hour) in the combine model, and second, the number of observations N, 

which is indeed larger in the merged model.  

If the focus is target on the model’s output (See table 5.7) the differences are not so notable. 

This time, together with the Hour group, the variables that show the biggest variations in the 

speed are Location and Location_vs_hour. For instance, BJ shows -19.19 while Drott shows 

13.68 indicating that the speed is 19.19 Km/h lower for Birger Jarlsgatan than Ringvägen, but 

13.68 Km/h higher for Drottningholmsvägen. 

Moreover the R-square value for the merged model is higher compared to the site specific 

models.  
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Table 5.7 Output for DM (Disaggregate Model), Merged, 24 hours, Full 

 
Before going into the last dimension, where the most representative weather variables are 

selected, a summary of the results of the weather variable for some of the models mentioned 

until this point is presented below. This may facilitate the understanding of the criteria used 

for the selection of the variables in the Final model. 

B t-statistics Sig. B t-statistics Sig.

(Constant) 42,54 166,892 0,000 BJ_2200_2300 4,18 12,302 0,000
0100_0200 0,78 2,002 0,045 BJ_2300_0000 1,09 2,986 0,003
0200_0300 1,80 4,097 0,000 Drott_0100_0200 0,38 0,862 0,389
0300_0400 3,02 6,908 0,000 Drott_0200_0300 0,58 1,187 0,235
0400_0500 1,31 3,036 0,002 Drott_0300_0400 0,03 0,065 0,948
0500_0600 -1,45 -3,544 0,000 Drott_0400_0500 2,51 5,084 0,000
0600_0700 -8,07 -26,625 0,000 Drott_0500_0600 3,08 6,777 0,000
0700_0800 -14,87 -54,751 0,000 Drott_0600_0700 2,92 8,480 0,000
0800_0900 -17,18 -64,008 0,000 Drott_0700_0800 0,20 0,639 0,523
0900_1000 -15,54 -57,916 0,000 Drott_0800_0900 -6,67 -21,285 0,000
1000_1100 -14,30 -53,246 0,000 Drott_0900_1000 2,09 6,691 0,000
1100_1200 -15,00 -55,863 0,000 Drott_1000_1100 4,24 13,563 0,000
1200_1300 -16,09 -59,876 0,000 Drott_1100_1200 5,14 16,439 0,000
1300_1400 -15,84 -58,948 0,000 Drott_1200_1300 4,41 14,096 0,000
1400_1500 -16,83 -62,664 0,000 Drott_1300_1400 5,05 16,088 0,000
1500_1600 -19,59 -72,463 0,000 Drott_1400_1500 5,66 18,002 0,000
1600_1700 -19,33 -72,388 0,000 Drott_1500_1600 2,32 7,274 0,000
1700_1800 -17,56 -66,480 0,000 Drott_1600_1700 -5,73 -18,089 0,000
1800_1900 -14,69 -54,879 0,000 Drott_1700_1800 -3,96 -12,697 0,000
1900_2000 -11,85 -43,274 0,000 Drott_1800_1900 2,77 8,802 0,000
2000_2100 -9,85 -35,132 0,000 Drott_1900_2000 5,35 16,611 0,000
2100_2200 -7,66 -26,933 0,000 Drott_2000_2100 2,58 7,845 0,000
2200_2300 -4,17 -14,911 0,000 Drott_2100_2200 1,43 4,289 0,000
2300_0000 -1,62 -5,312 0,000 Drott_2200_2300 -1,20 -3,684 0,000
BJ_0100_0200 0,06 0,127 0,899 Drott_2300_0000 -0,55 -1,556 0,120
BJ_0200_0300 -1,06 -2,041 0,041 BJ -19,19 -64,863 0,000
BJ_0300_0400 -1,59 -2,955 0,003 Drott. 13,68 48,467 0,000
BJ_0400_0500 1,44 2,470 0,014 Tuesday -0,84 -22,033 0,000
BJ_0500_0600 6,53 12,472 0,000 Wednesday -1,07 -28,059 0,000
BJ_0600_0700 11,91 30,672 0,000 Thursday -1,03 -27,039 0,000
BJ_0700_0800 15,41 44,998 0,000 Autumn -0,92 -18,647 0,000
BJ_0800_0900 14,38 43,018 0,000 Winter -0,11 -2,080 0,038
BJ_0900_1000 12,73 38,273 0,000 Spring -0,26 -4,858 0,000
BJ_1000_1100 11,86 35,970 0,000 Temp.> 0 1,09 26,090 0,000
BJ_1100_1200 10,67 32,429 0,000 Visibility > 10 0,15 5,182 0,000
BJ_1200_1300 10,47 31,833 0,000 Wind Speed -0,01 -3,832 0,000
BJ_1300_1400 9,80 29,861 0,000 Rain -0,52 -10,334 0,000
BJ_1400_1500 11,36 34,698 0,000 Snow -1,02 -15,736 0,000
BJ_1500_1600 14,35 43,638 0,000 MHF 0,93 10,981 0,000
BJ_1600_1700 14,21 43,437 0,000 Severe Rain -0,25 -1,539 0,124
BJ_1700_1800 12,20 37,454 0,000 Severe Snow -0,47 -1,591 0,112
BJ_1800_1900 11,57 34,963 0,000 Raining>1hr 0,83 11,734 0,000
BJ_1900_2000 11,64 34,349 0,000 Snowing>3hr -0,76 -7,412 0,000
BJ_2000_2100 9,35 26,958 0,000 R2

BJ_2100_2200 7,63 21,882 0,000 N
0,775

254 991

DM/Merged/24hr/Full
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Table 5.8 Weather variables’ output comparison for the DM (Disaggregate Model), 24 hours, Full, between 
Birger Jarlsgatan, Drottningholmsvägen and the Merged model 

 

Table 5.8 displays the results from the 24 hour models for Birger Jarlsgatan, 

Drottningholmsvägen and the Merged model.  

Temp>0, as expected, showed an increase in the speed for temperatures over 0°C.  

Visibility>10 and wind_speed on the other hand, show no effect on travel times. This could be 

explained by the characteristics of the routes. As was mentioned in previous chapters, all the 

routes are located in Stockholm inner city where public lighting, road conditions, demarcation 

and signalizing are actually in virtuous conditions. Additionally the infrastructure surrounding 

these locations may work as barriers against adverse weather.  

Rain and snow demonstrated a negative impact on the speeds. Rain decreases the speed with 

between 1.48% and 3.32%, while snow decreases the speed with between 2.81% and 4.38%.  

Conversely, MHF indicated a slight increase in the speed. Even when this result totally 

contradicts the logic of drivers adjusting their speed due to lack of visibility, the routes’ 

characteristics, geographical locations, lighting conditions and the short length of the 

segments (maximum 3.9Km), could explain why drivers are not sensitive to these phenomena 

in these routes. In addition, it was found that the occurrence of this condition was correlated 

to early and late hours during the day when the average speed is higher and the demand is 

lower than during day time. In addition, the presence of this event implies the absence of the 

events snow or rain. 

Coeff. t-stat. Change 
(%)

Coeff. t-stat. Change 
(%)

Coeff. t-stat. Change 
(%)

(Constant) 23.25 174.586 56.18 265.320 42.54 166.892
Temp.> 0 0.97 18.337 4.83 1.72 23.838 3.82 1.09 26.090 3.52
Visibility > 10 0.07 2.035 0.35 0.47 8.350 1.06 0.15 5.182 0.49
Wind Speed 0.00 0.141 0.00 -0.01 -2.256 -0.02 -0.01 -3.832 -0.03
Rain -0.66 -11.149 -3.32 -0.66 -6.900 -1.48 -0.52 -10.334 -1.68
Snow -0.87 -11.430 -4.38 -1.26 -11.223 -2.81 -1.02 -15.736 -3.30
MHF 0.20 1.935 1.03 1.58 10.814 3.51 0.93 10.981 3.00
Severe Rain 0.36 1.708 1.81 -0.62 -2.346 -1.38 -0.25 -1.539 -0.81
Severe Snow -0.08 -0.115 -0.38 -0.20 -0.496 -0.45 -0.47 -1.591 -1.51
Raining>1hr 0.41 4.792 2.07 1.25 9.128 2.77 0.83 11.734 2.68
Snowing>3hr -0.66 -5.264 -3.32 -1.26 -7.174 -2.81 -0.76 -7.412 -2.45
N 81,141 113,282 254,991

Drottningholmsvägen/24hr/Full Merged/24hr/Full
DM

Birger_Jarlsgatan/24hr/Full
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Severe rain and severe snow displays a minor negative impact in most of the cases, however 

because of the scarce manifestations of the event during the year and the statistical 

significance level obtained from the regressions, these events are not evaluated in detail.  

Raining>1hr showed an increase in the speed (between 2.07% and 2.77%). Recall that this 

variable is compared with the state where it has been raining for a shorter period (less than 1 

hour). In other words, this result indicates that the average speed of vehicles when rain has 

been present for more than one hour showed to be about 2% higher than when it has been 

raining for less than 1 hour.  This can be explained by two different reasons, the first reason 

could be the capacity of drivers of adapt to the weather situation. When driving from clear 

conditions to rainy conditions the effect could be the obvious reduction of the speed, but after 

a certain period, the drivers might adapt to the rainy condition and increase the speed again. 

The second reason could be changes on the trip decision. If the drivers are already located in 

the network they are unlikely to cancel the trips when finding adverse weather (this happens 

when drivers experience the weather event once being in their trip), but if the adverse weather 

has been present for a certain period before the drivers start their trips, it might lead to trip 

cancelation or trip postponing. 

Snowing>3hr shows a drop in speed of between 2.45% and 3.32%. Even when it represents a 

slight variation, it is significant given what was explained in the previous paragraph about trip 

cancelation. Furthermore, because of the importance and location of the routes, more frequent 

snow collection activities than on other arterial routes in the city can be expected. 

To end, figure 5.7 sums up what was presented in this section, and gives a good picture of the 

results obtained. 

 





59 
 

Table 5.9 Output for DM (Disaggregate Model), Merged, 24 hours, Final 

 

On the subject of weather variables, Table 5.10 displays the output of the merged model 

together with the site specific models for Birger Jarlsgatan and Drottningholmsvägen/St. 

Eriksgatan, so that they can be compared. 

B t-statistics Sig. B t-statistics Sig.

(Constant) 42,50 170,535 0,000 BJ_1900_2000 11,61 34,826 0,000
0100_0200 0,62 1,621 0,105 BJ_2000_2100 9,31 27,339 0,000
0200_0300 1,68 3,907 0,000 BJ_2100_2200 7,64 22,295 0,000
0300_0400 2,84 6,636 0,000 BJ_2200_2300 4,21 12,613 0,000
0400_0500 1,27 2,981 0,003 BJ_2300_0000 1,10 3,068 0,002
0500_0600 -1,41 -3,484 0,000 Drott_0100_0200 0,56 1,307 0,191
0600_0700 -8,10 -27,201 0,000 Drott_0200_0300 0,63 1,314 0,189
0700_0800 -14,89 -55,748 0,000 Drott_0300_0400 0,26 0,537 0,592
0800_0900 -17,22 -65,233 0,000 Drott_0400_0500 2,63 5,438 0,000
0900_1000 -15,59 -59,089 0,000 Drott_0500_0600 3,23 7,237 0,000
1000_1100 -14,40 -54,573 0,000 Drott_0600_0700 3,12 9,214 0,000
1100_1200 -15,13 -57,332 0,000 Drott_0700_0800 0,33 1,076 0,282
1200_1300 -16,22 -61,373 0,000 Drott_0800_0900 -6,54 -21,245 0,000
1300_1400 -15,97 -60,443 0,000 Drott_0900_1000 2,12 6,895 0,000
1400_1500 -16,94 -64,150 0,000 Drott_1000_1100 4,33 14,087 0,000
1500_1600 -19,70 -74,077 0,000 Drott_1100_1200 5,19 16,900 0,000
1600_1700 -19,47 -74,124 0,000 Drott_1200_1300 4,46 14,496 0,000
1700_1800 -17,70 -68,210 0,000 Drott_1300_1400 5,12 16,572 0,000
1800_1900 -14,79 -56,222 0,000 Drott_1400_1500 5,73 18,553 0,000
1900_2000 -11,90 -44,265 0,000 Drott_1500_1600 2,39 7,616 0,000
2000_2100 -9,89 -35,956 0,000 Drott_1600_1700 -5,64 -18,111 0,000
2100_2200 -7,72 -27,602 0,000 Drott_1700_1800 -3,93 -12,824 0,000
2200_2300 -4,26 -15,520 0,000 Drott_1800_1900 2,83 9,134 0,000
2300_0000 -1,65 -5,506 0,000 Drott_1900_2000 5,35 16,916 0,000
BJ_0100_0200 0,15 0,338 0,736 Drott_2000_2100 2,55 7,907 0,000
BJ_0200_0300 -0,93 -1,824 0,068 Drott_2100_2200 1,39 4,234 0,000
BJ_0300_0400 -1,56 -2,954 0,003 Drott_2200_2300 -1,17 -3,649 0,000
BJ_0400_0500 1,47 2,574 0,010 Drott_2300_0000 -0,51 -1,473 0,141
BJ_0500_0600 6,34 12,311 0,000 BJ -19,21 -66,161 0,000
BJ_0600_0700 11,91 31,186 0,000 Drott. 13,60 49,265 0,000
BJ_0700_0800 15,40 45,647 0,000 Tuesday -0,87 -22,989 0,000
BJ_0800_0900 14,41 43,762 0,000 Wednesday -1,04 -27,409 0,000
BJ_0900_1000 12,73 38,872 0,000 Thursday -1,05 -27,854 0,000
BJ_1000_1100 11,88 36,573 0,000 Autumn -0,93 -19,039 0,000
BJ_1100_1200 10,70 33,025 0,000 Winter -0,23 -4,343 0,000
BJ_1200_1300 10,48 32,341 0,000 Spring -0,25 -4,797 0,000
BJ_1300_1400 9,80 30,341 0,000 Temp.> 0 1,18 29,854 0,000
BJ_1400_1500 11,35 35,223 0,000 Rain -0,15 -3,882 0,000
BJ_1500_1600 14,33 44,245 0,000 Snowing>3hr -1,68 -18,972 0,000
BJ_1600_1700 14,25 44,240 0,000
BJ_1700_1800 12,25 38,195 0,000 R2

BJ_1800_1900 11,61 35,654 0,000 N
0,775

259 359

DM/Merged/24hr/Final
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Average speed 

The same process as for the DM was used in the AM for measuring the impact of weather on 

the mean speed. Detailed results for all the models developed can be found in the Appendix 

B.3 and B.4. In a broad spectrum the results and data are similar to the results obtained in the 

DM, with the exception of course of the number of observations and, in some cases, the 

significance of certain variables, but the tendency was similar.  

The biggest impact on speed is again due to time of day and location, while seasons, day of 

week and the weather variables revealed the lowest impact on the traffic performance. 

However, it can be said, that the recurrence regarding the signs and magnitudes of these 

weather variable coefficients, confirmed the results obtained from the DM. 

Table 5.11Weather variables’ output comparison for the AM (Aggregate Model), 24 hours, Final, between 
Birger Jarlsgatan, Drottningholmsvägen and the Merged model 

 

It can be seen from Table 5.11 that also in this case, there is an increase in the speed due to 

temp>0, and a decrease in the mean speed due to rain and snowing>3hr. 

Finally, to better perceive the similitudes between both models, figure 5.9 is presented, where 

the results of the Final models can be compared.  

 

Coefficient t-statistics % Coefficient t-statistics % Coefficient t-statistics %

(Constant) 23.43 112.050 56.03 157.977 41.79 125.481
Temp.> 0 0.83 9.307 4.06 1.60 11.061 3.48 0.85 11.272 2.62
Rain -0.59 -5.328 -2.86 -0.41 -2.136 -0.89 -0.39 -4.087 -1.19
Snowing>3hr -0.93 -4.646 -4.54 -1.80 -5.192 -3.91 -1.22 -6.823 -3.77
N

Birger_Jarlsgatan/Final Drottningholmsvägen/Final Merged/Final

12,342 13,811 33,559

AM 
Mean_speed
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Moreover, it was found that for the variability models, an important number of variables were 

not statistically significant. 

Location  
As in the DM, regression model for all the site specific routes and for the combinations of 

these routes were developed. 

Once again, some similarities and differences were found between the site specific routes and 

the combined model. Regarding differences, it can be mentioned the number of observations, 

the coefficient of determination R-squared, and the statistical significance of some variables  

On the other hand, the overall result considering signs and magnitudes of the coefficients was 

similar for all the cases (specific routes and merged model). Again, the largest effect was 

found in “time of day” and “location” variables.  However, unlike the previous case, where 

the average speed was studied, in this case the difference on the magnitude of the coefficients 

between these groups of variables is not so strong.  

As expected, during day time, congested hours present more variability than non-congested 

hours. Naturally in conditions closer to free flow speed, the variability of the travel times is 

lower than in more congested hours. In general, during periods of high demand the standard 

deviation increases, while it decreases during less saturated periods. However, in over-

saturated periods, where the traffic is barely moving, variability might decrease significantly. 

On the contrary, during the lowest demanded periods (e.g. late night), some drivers are 

expected to drive even faster than FFS and the speed limits, causing an increase in the 

variability. 

In relation to day of the week and seasons, there is not a clear pattern among the routes. But in 

most of the cases Thursday shows to have the largest variability among the days, while 

summer show to have the highest variability among the seasons. However the impact is not 

significant.  

Regarding weather, the scale of the coefficients was also rather small and as can be noticed in 

Table 5.12, many of the coefficients were not statistically significant.  
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Table 5.12 Output for AM (Aggregate Model), Standard deviation of speed, Merged, Full 

 

Concerning the weather parameters, it is important to notice the important reduction on the 

variability under the presence of severe snow. The merged model showed that the standard 

deviation for this dummy variable is predicted to be 1.38 Km/h less than on different 

conditions. This indicates that drivers tend to drive at more uniform speeds under these 

circumstances.  

One of the most interesting factors to remark in this case, consists of how the standard 

deviation varies among the routes. If the focus is aimed on the location coefficients (BJ and 

Coefficient t-statistics Sig. Coefficient t-statistics Sig.

(Constant) 4,24 22,700 0,000 BJ_2200_2300 -0,71 -2,444 0,015
0100_0200 -0,77 -3,159 0,002 BJ_2300_0000 0,10 0,359 0,719
0200_0300 -1,10 -4,279 0,000 Drott_0100_0200 0,78 2,636 0,008
0300_0400 -1,25 -4,921 0,000 Drott_0200_0300 0,82 2,684 0,007
0400_0500 -1,11 -4,321 0,000 Drott_0300_0400 0,78 2,568 0,010
0500_0600 -1,06 -4,188 0,000 Drott_0400_0500 0,00 0,010 0,992
0600_0700 0,57 2,335 0,020 Drott_0500_0600 0,70 2,298 0,022
0700_0800 0,54 2,274 0,023 Drott_0600_0700 0,07 0,224 0,822
0800_0900 -0,45 -1,888 0,059 Drott_0700_0800 -1,36 -4,571 0,000
0900_1000 -0,01 -0,054 0,957 Drott_0800_0900 -0,51 -1,723 0,085
1000_1100 0,14 0,598 0,550 Drott_0900_1000 -0,46 -1,573 0,116
1100_1200 0,31 1,330 0,183 Drott_1000_1100 -0,39 -1,340 0,180
1200_1300 0,12 0,494 0,621 Drott_1100_1200 -0,32 -1,098 0,272
1300_1400 0,09 0,399 0,690 Drott_1200_1300 -0,07 -0,253 0,801
1400_1500 0,01 0,035 0,972 Drott_1300_1400 -0,21 -0,727 0,467
1500_1600 -0,16 -0,647 0,517 Drott_1400_1500 -0,27 -0,917 0,359
1600_1700 -0,43 -1,790 0,074 Drott_1500_1600 -0,63 -2,112 0,035
1700_1800 -0,49 -2,062 0,039 Drott_1600_1700 -1,36 -4,608 0,000
1800_1900 0,03 0,133 0,894 Drott_1700_1800 -0,70 -2,358 0,018
1900_2000 0,54 2,173 0,030 Drott_1800_1900 -0,49 -1,645 0,100
2000_2100 0,67 2,628 0,009 Drott_1900_2000 -0,54 -1,733 0,083
2100_2200 1,20 4,688 0,000 Drott_2000_2100 -0,33 -1,045 0,296
2200_2300 1,36 5,861 0,000 Drott_2100_2200 -0,84 -2,662 0,008
2300_0000 0,43 1,891 0,059 Drott_2200_2300 -0,92 -3,204 0,001
BJ_0100_0200 0,62 2,054 0,040 Drott_2300_0000 -0,18 -0,641 0,522
BJ_0200_0300 0,44 1,401 0,161 BJ -0,73 -3,522 0,000
BJ_0300_0400 0,14 0,439 0,660 Drott. 2,00 9,740 0,000
BJ_0400_0500 -0,60 -1,801 0,072 Tuesday -0,09 -1,884 0,060
BJ_0500_0600 -0,66 -2,045 0,041 Wednesday -0,05 -1,114 0,265
BJ_0600_0700 -0,33 -1,070 0,284 Thursday 0,05 1,059 0,290
BJ_0700_0800 -0,30 -1,001 0,317 Autumn -0,39 -6,345 0,000
BJ_0800_0900 0,32 1,075 0,282 Winter -0,37 -5,518 0,000
BJ_0900_1000 -0,22 -0,739 0,460 Spring -0,64 -9,585 0,000
BJ_1000_1100 -0,07 -0,243 0,808 Temp.> 0 0,55 11,337 0,000
BJ_1100_1200 -0,39 -1,327 0,184 Visibility > 10 -0,02 -0,517 0,605
BJ_1200_1300 -0,40 -1,377 0,168 Wind Speed -0,01 -3,497 0,000
BJ_1300_1400 -0,51 -1,747 0,081 Rain -0,04 -0,627 0,531
BJ_1400_1500 -0,41 -1,381 0,167 Snow -0,27 -3,717 0,000
BJ_1500_1600 -0,30 -1,008 0,313 MHF 0,02 0,228 0,819
BJ_1600_1700 -0,01 -0,031 0,975 Severe Rain 0,12 0,430 0,667
BJ_1700_1800 -0,09 -0,291 0,771 Severe Snow -1,38 -2,250 0,024
BJ_1800_1900 -0,30 -1,008 0,313 Raining>1hr 0,06 0,638 0,523
BJ_1900_2000 -0,22 -0,710 0,478 Snowing>3hr -0,25 -2,136 0,033
BJ_2000_2100 -0,42 -1,334 0,182 R2

BJ_2100_2200 -0,89 -2,801 0,005 N

AM/Stdev_speed/Merged/Full

0,206
25 966
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Drott) it can be observed that the standard deviation of speed in Birger Jarlsgatan is the lowest 

compare to the other locations and it is Drottningholmsvägen/St. Eriksgatan which holds the 

highest standard deviation among them.  

Naturally, if the lengths of the routes are compare a larger standard deviation for 

Drottningholmsvägen/St. Eriksgatan can be expected, since its route length is much longer.  

Significance 

Despite that some weather variables in the Full model were found to be insignificant, some 

results improved for the Final model, where only temp>0, rain and snow are included.  

In this case, the same variables as in the DM are selected as the final weather variables in 

order to better understand how these phenomena impact on the traffic performance.  

Table 5.13 Weather variables’ output comparison for the AM (Aggregate Model), Standard deviation of the 
speed, Final, between Birger Jarlsgatan, Drottningholmsvägen and the Merged model 

 

Note that compared with the previous models where the impact on speed was measured, the 

percentage of change, except for rain, is larger when the dependent variable is the standard 

deviation of the speed. For instance, temp>0 showed an increase of 6.26% and 9.09% for the 

site specific models and 6.28% for the merged model. This increase can be translated as less 

variations and higher reliability on travel times when temperatures are lower than 0°C. This 

makes sense considering that temperature is also related to seasonal variation. In most of the 

cases, the variables summer and spring presented the highest standard deviation between the 

seasonal variables. Additionally, it make sense to expect drivers to drive more carefully in 

temperatures lower than 0°C where road traction could be reduced.  

Additionally, in the models where average speed was evaluated, it was shown that this 

parameter influences positively the speed (higher speeds under temperatures over cero), so if 

the speed increases, an increase in the variability could also be expected. 

Coefficient t-statistics % Coefficient t-statistics % Coefficient t-statistics %

(Constant) 3.48 29.162 6.18 36.076 4.16 24.264
Temp.> 0 0.44 8.703 9.09 0.68 9.777 6.26 0.50 12.800 6.28
Rain -0.02 -0.257 -0.33 -0.05 -0.496 -0.42 -0.01 -0.177 -0.11
Snowing>3hr -0.59 -5.156 -12.06 -0.88 -5.272 -8.09 -0.63 -6.868 -8.02
N

AM       
Stedv_speed

Birger_Jarlsgatan/Final Drottningholmsvägen/Final Merged/Final

12,342 13,811 33,559
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 CONCLUSIONS 6

6.1 SUMMARY 
Weather has dynamic effects on traffic networks. Better management strategies require 

integrated traffic and weather data as well as data sharing and analysis capabilities. The 

propagation of ITS enables road weather management gaps to be addressed. In order to gain 

significant operational benefits, innovative weather and traffic management practices must be 

connected to encourage implementation of effective management strategies.  

The aim of this thesis was to determine trough regression models how different weather 

conditions and events such as rain, snowfall, low temperatures, and reduced visibility impact 

traffic performance in different arterial routes in the Stockholm area. The analysis undertaken 

in this study was conducted on three specific arterial routes with varying characteristics 

(Birger Jarlsgatan, Ringvägen and Drottningholmsvägen).   

First traffic data from ANPR and weather data obtained from the Bromma Airport 

Meteorological Station were analysed, processed and integrated in order for use as input for 

the models. Then, two different types of models (Dissagregate Model and Aggregate Model) 

were developed to measure the impact of different weather and traffic-flow parameters on 

speed and speeds variability respectively. The main difference between the models consists of 

how the data was processed in each case. For the Disaggregate Model (DM) each travel time 

recorded was introduced as a single observation, while in the Aggregate Model, the travel 

times were aggregated every 15 minutes and then introduced as a single observation.   

Both types of models were also divided into several sub models in order to capture the impact 

in three different dimensions: location, time and significance. Finally the most relevant results 

were presented and compared. 

Concerning the routes and based on i)Number of observations, ii) Presence of weather events, 

iii) Distance to the weather station, iv) Route characteristics v) statistically significance and 

vi) R-squared, it can be said that the most significant and relevant results were obtained from 

Drottningholmsvägen, followed by Birger Jarlsgatan.   

 



68 
 

Results also showed that the parameters that most affected the traffic performance are related 

to traffic flow, in particular hour of day.  

Regarding weather, it was found that the parameter that most affected travel times were 

Snowing>3hr, followed by Temp>0, and Rain. Additionally it was found that the impact of 

Temp>0 was larger on speed variability than on the speed itself, while rain did not showed 

any influence on speed variability.  

Even when the scale of these impacts was not high (compared with traffic flow variables), the 

results were robust with respect to the type of model estimated and signs and magnitudes of 

the effects were comparable across the models with few exceptions.  

In general, results suggest that adverse weather conditions generally have a rather limited 

impact on speed and on speed variability. But they were cumulative snow and temperatures 

lower than 0°C the parameters that showed the clearest effect, causing a slight reduction on 

the speed. 

6.2 DISCUSSION 

Although some of the evidence is clear enough, the real impact of weather conditions on road 

transport could be ambiguous and it is, with a degree of certainty, region-specific. As 

important as observing the overall results and figures, is to understand all the parameters 

involved behind the analysis. For instance, a negative effect on the demand (trip cancelation 

or mode change due to adverse weather) could significantly reduce the weather effect on 

travel times.  

If the results obtained in this project are compared with previous studies, several 

dissimilarities are revealed. First, the degree of impact varies widely. Some studies show 

strong relations, whereas others do not identify any influence of weather parameters on traffic. 

Second, some studies even contradict in the signs of the variables. These differences may be 

consequence of factors like geographical location, climate, culture, road characteristics, traffic 

management strategies, etc. 

For example, an important issue when identifying weather effects on traffic performance 

corresponds to the unit of analysis. Even when hourly (or more accurate) weather data are 

suggested for analysing travel times, in some studies daily weather data (most common 
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format of available meteorological data) is used instead. This may not reflect the actual 

weather at the moment when a trip or activity takes place. However, in this thesis, weather 

data was collected every 20/30 minutes. 

Additionally, incongruities may arise when the selected routes are located too far from 

weather stations, especially when it comes to precipitation as previously mentioned. 

Drottningholmsvägen (the closest route to the Bromma Aairport Meteorological Station) 

displayed the best results among the models. 

Also the impacts of weather on urban areas may be different among cities with different urban 

variables and architectural characteristics. More exposed routes due to fewer and lower 

buildings and shelter options may influence the outcome. Notice that among the selected 

routes, it was also the most exposed route (Drottningholmsvägen) which presented the most 

significant results.   

Moreover, when comparing results between different locations, traffic managers and 

authorities, together with available resources and technologies may also play an important 

role when measuring the impact of weather on the network. First the availability and quality 

of the data represents a key element when overtaking these kinds of analysis. Second, vehicle 

technologies and developments such as anti-lock brakes, four-wheel drive and traction control 

couple with a good driving education may encourage drivers to behave more confidently 

under adverse conditions. Third, authorities and traffic managers may also influence the 

results obtained by implementing efficient and effective policies and strategies (snow 

removal, weather monitoring, etc.). In this case, the three routes are located in a city 

(Stockholm) where these factors could easily be graded quite high over an average city.  

It was shown that in general traffic performs worse under adverse weather conditions. In this 

thesis the author has provided an overview of empirical findings on the impact of specific 

weather parameters on arterial routes in Stockholm.  

6.3 THESIS CONTRIBUTIONS 

An interesting doubt that arises after the realization of this kind of thesis that are focused on 

specific sites with particular characteristics, is regarding the usability and applicability of the 

work and results obtained.   
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Regarding the work process this paper provides not only analytical and methodological 

improvements into this research field, but also, it provides an analytical process applicable to 

other locations with similar characteristics. 

Though several studies on traffic response to adverse weather are available, it is clear that the 

impact of weather on the traffic network is under researched. The empirical evidence is 

scarce, some of the studies have significant drawbacks, and many insights are missing.  

Furthermore, most available studies focus on weather variables, neglecting the effect of traffic 

flow variables like time fluctuations.  

Earlier studies performed are unfortunately of limited value. In some cases, traffic 

measurement equipment has not worked well and the observations have not been made often 

enough. In some other cases, travel time data suffered by limited sample sizes (one day, one 

week, etc.) while weather data was measure in an inaccurate manner (daily).  

As mentioned, this thesis offers several methodological improvements. First, since 

commuting trips are less vulnerable than leisure and recreational trips, this thesis is focus on 

weekdays (from Monday to Thursday). Second, while other papers focused only on 

measuring impact on travel times, this study investigates also the impact on travel time 

variability. Third, the models presented on this paper captured intensity and duration for some 

of the weather events and conditions (severe rain, severe snow, snowing>3hr, raining>1hr) 

which showed to be the more relevant variable in some context. Fourth, the introduction of 

explanatory variables such as hour, day of week, seasons, location, location vs hour, is also an 

interesting extension of the models presented in this thesis. The inclusion of explanatory 

variables in the regressions is expected to enhance the estimation of the model parameters, by 

taking into account the fluctuations in the interactions. Finally, a detailed description of the 

routes and their surroundings is presented in this paper while most of the previous studies fail 

to describe it.  

On the other hand, concerning the results obtained, this thesis helps to understand to what 

extent weather could impact arterial routes and what parameters must be considered when 

evaluating this effect. It was clear that weather-related traffic delays may emerge, but nothing 

can be done about the weather itself. The impacts of weather conditions, however, might be 

addressed by some information, control and prediction strategies.  
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Incorporating the knowledge of how weather affects travel times may improve the traffic 

management and prediction models. It is expected that integration of weather information 

with the traffic data will result in models which better suit the weather responsive traffic 

control systems, provide better information for users and help road agencies in managing the 

transport system in adverse weather conditions. The data processing algorithms used and the 

presented models are simple to apply and to integrate to existing travel time prediction 

models.  The understanding of these effects would help agencies to select the best policies in 

order to prevent, control and mitigate weather effects on traffic.  

6.4 RECOMMENDATIONS AND FUTURE WORK 

In the future, results could be improved not only by studying more routes, but also by using 

larger databases and combining different data sources. The current formulation considered 

travel time calculations based only on ANPR. However, more technologies can provide new 

ways for collecting real time traffic information. For instance, the fusion of ANPR data with 

data from other sources (e.g. the FCD from the taxi fleet in Stockholm) may be another 

interesting extension of this work.  

Traffic flow is an influencing factor in urban travel times and it is proved to be affected by 

adverse weather conditions.  However, traffic flow and volumes were not considered in this 

work. By combining ANPR with a different data source that captures traffic flow, an 

interesting approach could be the inclusion of this parameter into the models. 

Concerning weather data, even when the source selected for this project was rather good and 

easy to handle, it can also be combined with other data sources that may allow to investigate 

more specific weather conditions like millimetres of precipitation, road surface temperature 

instead of air temperature, road visibility instead of visibility, etc. Available RWIS reports 

micro-climatic conditions at specific locations and it may be an option to consider 

incorporating detailed weather data to the models. The availability of weather conditions 

specific to a road segment from RWIS presents a new opportunity to study weather impacts 

on the traffic which was not feasible in the past. 

Finally it is important to mention that this study, as well as most of the literature reviewed, 

focuses on the effects of certain weather parameters. In reality, however, weather parameters 

always co-occur and their impacts and perception may be related. Increase in wind speed, 
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combine with low temperatures and precipitation may increase the influence on drivers 

behaviour. 
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 APPENDIX 8

 A DISAGGREGATE MODEL 
In this section, the results obtained from the regression models corresponding to the first type 

of model (Disaggregate Model) are presented for each site (Birger Jarlsgatan, Ringvägen and 

Drottningholmsvägen) and for the combined (Merged) model. 

The results are clustered according time of study (Morning or 24hours) and according the 

number of variables included (Full or Final). 

A.1 DM / Morning / Full 
 
 

Table.A.1.1 Output for DM (Disaggregate Model), Birger Jarlsgatan, Morning, Full 

 

 

Coefficient t-statistics Sig.

(Constant) 23,74 142,940 0,000
0800_0900 -3,37 -30,836 0,000
0900_1000 -3,39 -31,474 0,000
1000_1100 -3,04 -29,084 0,000
1100_1200 -4,97 -47,620 0,000
Tuesday -0,66 -7,316 0,000
Wednesday -0,95 -10,734 0,000
Thursday -0,73 -8,414 0,000
Autumn -0,60 -6,594 0,000
Winter -0,09 -0,774 0,439
Spring -1,90 -15,984 0,000
Temp.> 0 0,67 6,667 0,000
Visibility > 10 1,09 15,488 0,000
Wind Speed 0,01 0,944 0,345
Rain -0,23 -1,683 0,092
Snow -0,47 -3,052 0,002
MHF 1,30 7,197 0,000
Severe Rain -1,57 -2,267 0,023
Raining>1hr -0,45 -2,496 0,013
Snowing>3hr -1,30 -5,383 0,000
R2

N
0,139

20 072

DM/Birger_Jarlsgatan/Morning/Full
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Table A.1.2 Output for DM (Disaggregate Model), Ringvägen, Morning, Full 

 

Coefficient t-statistics Sig.

(Constant) 26,47 159,115 0,000
0800_0900 -2,30 -21,026 0,000
0900_1000 -0,62 -5,654 0,000
1000_1100 0,66 5,999 0,000
1100_1200 -0,04 -0,348 0,728
Tuesday 0,22 2,260 0,024
Wednesday -0,12 -1,188 0,235
Thursday 0,03 0,288 0,773
Autumn 1,00 11,498 0,000
Winter 1,28 11,199 0,000
Temp.> 0 -0,33 -2,814 0,005
Visibility > 10 0,47 6,103 0,000
Wind Speed -0,01 -1,200 0,230
Rain -0,21 -1,581 0,114
Snow -0,05 -0,246 0,806
MHF 0,73 3,106 0,002
Severe Rain -0,44 -0,569 0,570
Raining>1hr 0,46 2,807 0,005
Snowing>3hr -0,90 -2,418 0,016
R2
N

DM/Ringvägen/Morning/Full

18 140
0,060
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Table A.1.3 Output for DM (Disaggregate Model), Drottningholmsvägen, Morning, Full 

 

Coefficient t-statistics Sig.

(Constant) 41,76 165,709 0,000
@0800_0900 -9,09 -60,242 0,000
@0900_1000 1,31 8,693 0,000
@1000_1100 4,59 30,486 0,000
@1100_1200 4,68 30,875 0,000
Tuesday -0,82 -6,095 0,000
Wednesday -0,24 -1,751 0,080
Thursday 0,92 6,778 0,000
Autumn -4,09 -24,408 0,000
Winter -2,52 -13,653 0,000
Spring 0,29 1,539 0,124
Temp.> 0 1,55 11,432 0,000
Visibility > 10 0,93 8,414 0,000
Wind Speed 0,02 1,882 0,060
Rain -1,95 -9,773 0,000
Snow -0,14 -0,649 0,516
MHF 2,15 8,113 0,000
Severe Rain -0,56 -1,529 0,126
Severe Snow -0,70 -1,433 0,152
Raining>1hr 2,06 7,954 0,000
Snowing>3hr -2,24 -7,178 0,000

R2

N

DM/Drottningholmsvägen/Morning/Full

0,281
34 968
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Table A.1.4 Output for DM (Disaggregate Model), Merged, Morning, Full 

 

 
 
 
 
 
 
 

B t-statistics Sig.

(Constant) 28,11 154,026 0,000
0800_0900 -2,38 -14,228 0,000
0900_1000 -0,69 -4,160 0,000
1000_1100 0,53 3,147 0,002
1100_1200 -0,23 -1,352 0,176
BJ_0800_0900 -1,04 -4,301 0,000
BJ_0900_1000 -2,66 -11,098 0,000
BJ_1000_1100 -3,55 -15,097 0,000
BJ_1100_1200 -4,70 -20,026 0,000
Drott_0800_0900 -6,76 -32,954 0,000
Drott_0900_1000 1,98 9,696 0,000
Drott_1000_1100 4,12 20,193 0,000
Drott_1100_1200 5,03 24,659 0,000
BJ -3,95 -21,869 0,000
Drott_St 13,67 91,609 0,000
Tuesday -0,53 -7,226 0,000
Wednesday -0,43 -5,808 0,000
Thursday 0,18 2,430 0,015
Autumn -2,27 -23,734 0,000
Winter -1,54 -14,248 0,000
Spring -0,83 -7,653 0,000
Temp.> 0 0,92 11,637 0,000
Visibility > 10 0,84 14,059 0,000
Wind Speed 0,00 0,914 0,361
Rain -1,00 -9,273 0,000
Snow -0,29 -2,223 0,026
MHF 1,60 10,386 0,000
Severe Rain -0,77 -2,934 0,003
Severe Snow -0,81 -2,163 0,031
Raining>1hr 1,16 8,339 0,000
Snowing>3hr -1,67 -8,567 0,000
R2

N

DM/Merged/Morning/Full

0,679
73 182
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A.2 DM/ Morning / Final 
 

Table A.2.1 Output for DM (Disaggregate Model), Birger Jarlsgatan, Morning, Final 

 

 
Table A.2.2 Output for DM (Disaggregate Model), Ringvägen, Morning, Final 

 

Coefficient t-statistics Sig.

(Constant) 24.349 157.238 0.000
0800_0900 -3.301 -30.209 0.000
0900_1000 -3.360 -31.324 0.000
1000_1100 -3.015 -29.104 0.000
1100_1200 -4.914 -47.617 0.000
Tuesday -0.712 -7.994 0.000
Wednesday -0.968 -10.927 0.000
Thursday -0.771 -8.848 0.000
Autumn -0.666 -7.348 0.000
Winter -0.379 -3.367 0.001
Spring -1.722 -14.897 0.000
Temp.> 0 0.550 5.625 0.000
Rain -0.589 -6.006 0.000
Snowing>3hr -2.030 -9.791 0.000

R2

N

DM/Birger_Jarlsgatan/Morning/Final

0.125
20211

Coefficient t-statistics Sig.

(Constant) 27.679 195.882 0.000
0800_0900 -2.287 -21.099 0.000
0900_1000 -0.624 -5.752 0.000
1000_1100 0.628 5.766 0.000
1100_1200 -0.086 -0.787 0.431
Tuesday 0.215 2.266 0.023
Wednesday -0.100 -1.007 0.314
Thursday 0.058 0.584 0.559
Winter 0.203 1.989 0.047
Spring -0.977 -11.651 0.000
Temp.> 0 -0.460 -4.053 0.000
Rain -0.029 -0.323 0.747
Snowing>3hr -1.145 -3.610 0.000
R2

N

DM/Ringvägen/Morning/Final

0.06
18297
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Table A.2.3 Output for DM (Disaggregate Model), Drottningholmsvägen, Morning, Final 

 
 

Table A.2.4 Output for DM (Disaggregate Model), Merged, Morning, Final 

 

Coefficient t-statistics Sig.

(Constant) 42.491 186.543 0.000
@0800_0900 -9.078 -60.683 0.000
@0900_1000 1.213 8.133 0.000
@1000_1100 4.498 30.420 0.000
@1100_1200 4.564 30.728 0.000
Tuesday -0.876 -6.515 0.000
Wednesday -0.149 -1.099 0.272
Thursday 0.969 7.217 0.000
Autumn -4.036 -24.116 0.000
Winter -2.671 -14.701 0.000
Spring 0.666 3.643 0.000
Temp.> 0 1.394 10.623 0.000
Rain -1.161 -8.194 0.000
Snowing>3hr -2.764 -10.719 0.000
R2

N

DM/Drottningholmsvägen/Morning/Final

0.276
35330

B t-statistics Sig.

(Constant) 28.579 163.094 0.000
0800_0900 -2.304 -13.817 0.000
0900_1000 -0.648 -3.886 0.000
1000_1100 0.537 3.216 0.001
1100_1200 -0.228 -1.368 0.171
BJ_0800_0900 -1.038 -4.295 0.000
BJ_0900_1000 -2.673 -11.165 0.000
BJ_1000_1100 -3.565 -15.150 0.000
BJ_1100_1200 -4.671 -19.935 0.000
Drott_0800_0900 -6.838 -33.447 0.000
Drott_0900_1000 1.813 8.880 0.000
Drott_1000_1100 3.993 19.603 0.000
Drott_1100_1200 4.897 24.056 0.000
BJ -3.950 -21.903 0.000
Drott. 13.785 92.763 0.000
Tuesday -0.568 -7.725 0.000
Wednesday -0.377 -5.058 0.000
Thursday 0.199 2.688 0.007
Autumn -2.250 -23.562 0.000
Winter -1.723 -16.185 0.000
Spring -0.605 -5.688 0.000
Temp.> 0 0.772 10.000 0.000
Rain -0.573 -7.496 0.000
Snowing>3hr -2.240 -13.696 0.000
R2

N

DM/Merged/Morning/Final

0.676
73840
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A.3 DM / 24 Hours / Full 

Table A.3.1 Output for DM (Disaggregate Model), Birger Jarlsgatan, 24 Hours, Full 

 

Coefficient t-statistics Sig.

(Constant) 23.25 174.586 0.000
0100_0200 0.82 4.783 0.000
0200_0300 0.73 3.883 0.000
0300_0400 1.33 6.315 0.000
0400_0500 2.79 10.668 0.000
0500_0600 4.96 22.672 0.000
0600_0700 3.71 22.723 0.000
0700_0800 0.44 3.128 0.002
0800_0900 -2.88 -21.451 0.000
0900_1000 -2.96 -22.369 0.000
1000_1100 -2.58 -19.965 0.000
1100_1200 -4.51 -35.044 0.000
1200_1300 -5.81 -45.343 0.000
1300_1400 -6.24 -49.010 0.000
1400_1500 -5.67 -44.723 0.000
1500_1600 -5.46 -43.059 0.000
1600_1700 -5.29 -41.456 0.000
1700_1800 -5.45 -42.276 0.000
1800_1900 -3.16 -24.114 0.000
1900_2000 -0.28 -2.074 0.038
2000_2100 -0.62 -4.514 0.000
2100_2200 -0.11 -0.827 0.408
2200_2300 0.08 0.634 0.526
2300_0000 -0.49 -3.587 0.000
Tuesday -0.83 -17.885 0.000
Wednesday -1.37 -30.103 0.000
Thursday -1.67 -36.989 0.000
Autumn -0.01 -0.299 0.765
Winter 0.79 13.748 0.000
Spring -1.09 -18.432 0.000
Temp.> 0 0.97 18.337 0.000
Visibility > 10 0.07 2.035 0.042
Wind Speed 0.00 0.141 0.888
Rain -0.66 -11.149 0.000
Snow -0.87 -11.430 0.000
MHF 0.20 1.935 0.053
Severe Rain 0.36 1.708 0.088
Severe Snow -0.08 -0.115 0.908
Raining>1hr 0.41 4.792 0.000
Snowing>3hr -0.66 -5.264 0.000
R2

N
0.275
81141

DM/Birger_Jarlsgatan/24hr/Full
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Table A.3.2 Output for DM (Disaggregate Model), Ringvägen, 24 Hours, Full 

 

 

Coefficient t-statistics Sig.

(Constant) 41.47 203.807 0.000
0100_0200 0.70 2.410 0.016
0200_0300 1.66 5.094 0.000
0300_0400 2.87 8.871 0.000
0400_0500 1.31 4.082 0.000
0500_0600 -1.53 -5.017 0.000
0600_0700 -8.18 -36.408 0.000
0700_0800 -15.03 -74.580 0.000
0800_0900 -17.30 -86.788 0.000
0900_1000 -15.63 -78.424 0.000
1000_1100 -14.35 -71.898 0.000
1100_1200 -15.04 -75.282 0.000
1200_1300 -16.17 -80.819 0.000
1300_1400 -15.90 -79.492 0.000
1400_1500 -16.99 -85.014 0.000
1500_1600 -19.81 -98.458 0.000
1600_1700 -19.52 -98.276 0.000
1700_1800 -17.78 -90.476 0.000
1800_1900 -14.89 -74.872 0.000
1900_2000 -11.93 -58.614 0.000
2000_2100 -9.97 -47.801 0.000
2100_2200 -7.72 -36.472 0.000
2200_2300 -4.14 -19.957 0.000
2300_0000 -1.51 -6.681 0.000
Tuesday 0.08 1.440 0.150
Wednesday -0.13 -2.195 0.028
Thursday 0.13 2.132 0.033
Autumn 1.38 26.491 0.000
Winter 1.50 21.289 0.000
Temp.> 0 -0.41 -5.370 0.000
Visibility > 10 -0.11 -2.380 0.017
Wind Speed -0.01 -1.654 0.098
Rain -0.07 -0.941 0.347
Snow -0.22 -1.646 0.100
MHF 0.01 0.046 0.963
Severe Rain 1.16 3.146 0.002
Severe Snow -0.52 -0.683 0.495
Raining>1hr 0.42 4.120 0.000
Snowing>3hr -0.10 -0.496 0.620
R2
N

DM/Ringvägen/24hr/Full

0.53
60566
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Table A.3.3Output for DM (Disaggregate Model), Drottningholmsvägen, 24 Hours, Full 

 

 

Coefficient t-statistics Sig.

(Constant) 56.18 265.320 0.000
0100_0200 1.17 4.518 0.000
0200_0300 2.37 8.756 0.000
0300_0400 3.12 11.064 0.000
0400_0500 3.90 13.077 0.000
0500_0600 1.83 7.354 0.000
0600_0700 -4.81 -23.072 0.000
0700_0800 -14.38 -70.331 0.000
0800_0900 -23.54 -114.715 0.000
0900_1000 -13.11 -63.927 0.000
1000_1100 -9.74 -47.731 0.000
1100_1200 -9.60 -46.920 0.000
1200_1300 -11.40 -55.427 0.000
1300_1400 -10.51 -50.562 0.000
1400_1500 -10.90 -52.288 0.000
1500_1600 -17.11 -79.520 0.000
1600_1700 -24.91 -114.395 0.000
1700_1800 -21.40 -101.078 0.000
1800_1900 -11.80 -55.851 0.000
1900_2000 -6.42 -29.644 0.000
2000_2100 -7.21 -33.055 0.000
2100_2200 -6.18 -27.826 0.000
2200_2300 -5.34 -25.033 0.000
2300_0000 -2.15 -9.373 0.000
Tuesday -1.25 -17.272 0.000
Wednesday -1.34 -18.709 0.000
Thursday -1.09 -15.186 0.000
Autumn -2.42 -25.668 0.000
Winter -0.81 -8.200 0.000
Spring 0.38 3.846 0.000
Temp.> 0 1.72 23.838 0.000
Visibility > 10 0.47 8.350 0.000
Wind Speed -0.01 -2.256 0.024
Rain -0.66 -6.900 0.000
Snow -1.26 -11.223 0.000
MHF 1.58 10.814 0.000
Severe Rain -0.62 -2.346 0.019
Severe Snow -0.20 -0.496 0.620
Raining>1hr 1.25 9.128 0.000
Snowing>3hr -1.26 -7.174 0.000
R2

N

DM/Drottningholmsvägen/24hr/Full

0.424
113282
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Table A.3.4 Output for DM (Disaggregate Model), Merged, 24 Hours, Full 

 

 

B t-statistics Sig. B t-statistics Sig.

(Constant) 42.54 166.892 0.000 BJ_2200_2300 4.18 12.302 0.000
0100_0200 0.78 2.002 0.045 BJ_2300_0000 1.09 2.986 0.003
0200_0300 1.80 4.097 0.000 Drott_0100_0200 0.38 0.862 0.389
0300_0400 3.02 6.908 0.000 Drott_0200_0300 0.58 1.187 0.235
0400_0500 1.31 3.036 0.002 Drott_0300_0400 0.03 0.065 0.948
0500_0600 -1.45 -3.544 0.000 Drott_0400_0500 2.51 5.084 0.000
0600_0700 -8.07 -26.625 0.000 Drott_0500_0600 3.08 6.777 0.000
0700_0800 -14.87 -54.751 0.000 Drott_0600_0700 2.92 8.480 0.000
0800_0900 -17.18 -64.008 0.000 Drott_0700_0800 0.20 0.639 0.523
0900_1000 -15.54 -57.916 0.000 Drott_0800_0900 -6.67 -21.285 0.000
1000_1100 -14.30 -53.246 0.000 Drott_0900_1000 2.09 6.691 0.000
1100_1200 -15.00 -55.863 0.000 Drott_1000_1100 4.24 13.563 0.000
1200_1300 -16.09 -59.876 0.000 Drott_1100_1200 5.14 16.439 0.000
1300_1400 -15.84 -58.948 0.000 Drott_1200_1300 4.41 14.096 0.000
1400_1500 -16.83 -62.664 0.000 Drott_1300_1400 5.05 16.088 0.000
1500_1600 -19.59 -72.463 0.000 Drott_1400_1500 5.66 18.002 0.000
1600_1700 -19.33 -72.388 0.000 Drott_1500_1600 2.32 7.274 0.000
1700_1800 -17.56 -66.480 0.000 Drott_1600_1700 -5.73 -18.089 0.000
1800_1900 -14.69 -54.879 0.000 Drott_1700_1800 -3.96 -12.697 0.000
1900_2000 -11.85 -43.274 0.000 Drott_1800_1900 2.77 8.802 0.000
2000_2100 -9.85 -35.132 0.000 Drott_1900_2000 5.35 16.611 0.000
2100_2200 -7.66 -26.933 0.000 Drott_2000_2100 2.58 7.845 0.000
2200_2300 -4.17 -14.911 0.000 Drott_2100_2200 1.43 4.289 0.000
2300_0000 -1.62 -5.312 0.000 Drott_2200_2300 -1.20 -3.684 0.000
BJ_0100_0200 0.06 0.127 0.899 Drott_2300_0000 -0.55 -1.556 0.120
BJ_0200_0300 -1.06 -2.041 0.041 BJ -19.19 -64.863 0.000
BJ_0300_0400 -1.59 -2.955 0.003 Drott. 13.68 48.467 0.000
BJ_0400_0500 1.44 2.470 0.014 Tuesday -0.84 -22.033 0.000
BJ_0500_0600 6.53 12.472 0.000 Wednesday -1.07 -28.059 0.000
BJ_0600_0700 11.91 30.672 0.000 Thursday -1.03 -27.039 0.000
BJ_0700_0800 15.41 44.998 0.000 Autumn -0.92 -18.647 0.000
BJ_0800_0900 14.38 43.018 0.000 Winter -0.11 -2.080 0.038
BJ_0900_1000 12.73 38.273 0.000 Spring -0.26 -4.858 0.000
BJ_1000_1100 11.86 35.970 0.000 Temp.> 0 1.09 26.090 0.000
BJ_1100_1200 10.67 32.429 0.000 Visibility > 10 0.15 5.182 0.000
BJ_1200_1300 10.47 31.833 0.000 Wind Speed -0.01 -3.832 0.000
BJ_1300_1400 9.80 29.861 0.000 Rain -0.52 -10.334 0.000
BJ_1400_1500 11.36 34.698 0.000 Snow -1.02 -15.736 0.000
BJ_1500_1600 14.35 43.638 0.000 MHF 0.93 10.981 0.000
BJ_1600_1700 14.21 43.437 0.000 Severe Rain -0.25 -1.539 0.124
BJ_1700_1800 12.20 37.454 0.000 Severe Snow -0.47 -1.591 0.112
BJ_1800_1900 11.57 34.963 0.000 Raining>1hr 0.83 11.734 0.000
BJ_1900_2000 11.64 34.349 0.000 Snowing>3hr -0.76 -7.412 0.000
BJ_2000_2100 9.35 26.958 0.000 R2

BJ_2100_2200 7.63 21.882 0.000 N 254991

DM/Merged/24hr/Full

0.775



89 
 

A.4 DM /24 Hours / Final 
 

Table A.4.1 Output for DM (Disaggregate Model), Birger Jarlsgatan, 24 Hours, Final 

 
 

Coefficient t-statistics Sig.

(Constant) 23.270 181.110 0.000
0100_0200 0.769 4.595 0.000
0200_0300 0.765 4.156 0.000
0300_0400 1.244 6.041 0.000
0400_0500 2.780 10.855 0.000
0500_0600 4.848 22.594 0.000
0600_0700 3.684 22.964 0.000
0700_0800 0.401 2.900 0.004
0800_0900 -2.896 -21.921 0.000
0900_1000 -2.996 -22.985 0.000
1000_1100 -2.635 -20.739 0.000
1100_1200 -4.564 -36.109 0.000
1200_1300 -5.864 -46.637 0.000
1300_1400 -6.301 -50.452 0.000
1400_1500 -5.722 -46.072 0.000
1500_1600 -5.511 -44.360 0.000
1600_1700 -5.350 -42.644 0.000
1700_1800 -5.509 -43.501 0.000
1800_1900 -3.194 -24.792 0.000
1900_2000 -0.341 -2.574 0.010
2000_2100 -0.669 -4.965 0.000
2100_2200 -0.135 -1.018 0.309
2200_2300 0.041 0.326 0.745
2300_0000 -0.492 -3.684 0.000
Tuesday -0.876 -19.069 0.000
Wednesday -1.368 -30.332 0.000
Thursday -1.685 -37.697 0.000
Autumn 0.006 0.134 0.894
Winter 0.660 11.850 0.000
Spring -1.038 -18.092 0.000
Temp.> 0 1.025 20.471 0.000
Rain -0.440 -9.591 0.000
Snowing>3hr -1.369 -12.356 0.000
R2

N 82476

DM/Birger_Jarlsgatan/24hr/Final

0.274
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Table A.4.2 Output for DM (Disaggregate Model), Ringvägen, 24 Hours, Final 

 

 

Coefficient t-statistics Sig.

(Constant) 42.772 219.439 0.000
0100_0200 0.622 2.199 0.028
0200_0300 1.625 5.088 0.000
0300_0400 2.753 8.670 0.000
0400_0500 1.310 4.153 0.000
0500_0600 -1.415 -4.735 0.000
0600_0700 -8.140 -36.860 0.000
0700_0800 -15.020 -75.857 0.000
0800_0900 -17.326 -88.546 0.000
0900_1000 -15.660 -80.035 0.000
1000_1100 -14.400 -73.574 0.000
1100_1200 -15.095 -77.171 0.000
1200_1300 -16.232 -82.816 0.000
1300_1400 -15.966 -81.477 0.000
1400_1500 -17.048 -87.058 0.000
1500_1600 -19.850 -100.612 0.000
1600_1700 -19.572 -100.451 0.000
1700_1800 -17.832 -92.621 0.000
1800_1900 -14.955 -76.698 0.000
1900_2000 -11.978 -60.064 0.000
2000_2100 -9.974 -48.888 0.000
2100_2200 -7.783 -37.561 0.000
2200_2300 -4.191 -20.606 0.000
2300_0000 -1.517 -6.853 0.000
Tuesday 0.080 1.386 0.166
Wednesday -0.124 -2.125 0.034
Thursday 0.125 2.124 0.034
Winter 0.109 1.764 0.078
Spring -1.411 -27.940 0.000
Temp.> 0 -0.411 -5.575 0.000
Rain 0.187 3.323 0.001
Snowing>3hr -0.262 -1.628 0.104
R2
N

0.528
61340

DM/Ringvägen/24hr/Final
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Table A.4.3 Output for DM (Disaggregate Model), Drottningholmsvägen, 24 Hours, Final 

 

 

Coefficient t-statistics Sig.

(Constant) 56.102 275.569 0.000
0100_0200 1.177 4.656 0.000
0200_0300 2.308 8.783 0.000
0300_0400 3.125 11.475 0.000
0400_0500 3.962 13.685 0.000
0500_0600 1.983 8.186 0.000
0600_0700 -4.656 -22.897 0.000
0700_0800 -14.238 -71.358 0.000
0800_0900 -23.400 -116.809 0.000
0900_1000 -13.117 -65.591 0.000
1000_1100 -9.762 -49.086 0.000
1100_1200 -9.667 -48.569 0.000
1200_1300 -11.490 -57.330 0.000
1300_1400 -10.570 -52.186 0.000
1400_1500 -10.925 -53.764 0.000
1500_1600 -17.146 -81.656 0.000
1600_1700 -24.950 -117.194 0.000
1700_1800 -21.489 -104.031 0.000
1800_1900 -11.807 -57.245 0.000
1900_2000 -6.415 -30.411 0.000
2000_2100 -7.217 -34.014 0.000
2100_2200 -6.217 -28.761 0.000
2200_2300 -5.405 -25.985 0.000
2300_0000 -2.134 -9.561 0.000
Tuesday -1.265 -17.647 0.000
Wednesday -1.271 -17.832 0.000
Thursday -1.112 -15.673 0.000
Autumn -2.461 -26.462 0.000
Winter -0.980 -10.046 0.000
Spring 0.402 4.195 0.000
Temp.> 0 1.874 27.780 0.000
Rain -0.175 -2.380 0.017
Snowing>3hr -2.479 -16.292 0.000
R2

N
0.423

115541

DM/Drottningholmsvägen/24hr/Final
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Table A.4.4 Output for DM (Disaggregate Model), Birger Jarlsgatan, 24 Hours, Final 

 

 

B t-statistics Sig. B t-statistics Sig.

(Constant) 42.500 170.535 0.000 BJ_1900_2000 11.608 34.826 0.000
0100_0200 0.619 1.621 0.105 BJ_2000_2100 9.309 27.339 0.000
0200_0300 1.685 3.907 0.000 BJ_2100_2200 7.637 22.295 0.000
0300_0400 2.845 6.636 0.000 BJ_2200_2300 4.209 12.613 0.000
0400_0500 1.270 2.981 0.003 BJ_2300_0000 1.102 3.068 0.002
0500_0600 -1.406 -3.484 0.000 Drott_0100_0200 0.563 1.307 0.191
0600_0700 -8.105 -27.201 0.000 Drott_0200_0300 0.629 1.314 0.189
0700_0800 -14.892 -55.748 0.000 Drott_0300_0400 0.257 0.537 0.592
0800_0900 -17.218 -65.233 0.000 Drott_0400_0500 2.630 5.438 0.000
0900_1000 -15.591 -59.089 0.000 Drott_0500_0600 3.232 7.237 0.000
1000_1100 -14.405 -54.573 0.000 Drott_0600_0700 3.118 9.214 0.000
1100_1200 -15.127 -57.332 0.000 Drott_0700_0800 0.334 1.076 0.282
1200_1300 -16.221 -61.373 0.000 Drott_0800_0900 -6.535 -21.245 0.000
1300_1400 -15.972 -60.443 0.000 Drott_0900_1000 2.120 6.895 0.000
1400_1500 -16.937 -64.150 0.000 Drott_1000_1100 4.326 14.087 0.000
1500_1600 -19.698 -74.077 0.000 Drott_1100_1200 5.189 16.900 0.000
1600_1700 -19.467 -74.124 0.000 Drott_1200_1300 4.463 14.496 0.000
1700_1800 -17.702 -68.210 0.000 Drott_1300_1400 5.116 16.572 0.000
1800_1900 -14.787 -56.222 0.000 Drott_1400_1500 5.729 18.553 0.000
1900_2000 -11.903 -44.265 0.000 Drott_1500_1600 2.385 7.616 0.000
2000_2100 -9.894 -35.956 0.000 Drott_1600_1700 -5.645 -18.111 0.000
2100_2200 -7.715 -27.602 0.000 Drott_1700_1800 -3.930 -12.824 0.000
2200_2300 -4.261 -15.520 0.000 Drott_1800_1900 2.826 9.134 0.000
2300_0000 -1.645 -5.506 0.000 Drott_1900_2000 5.350 16.916 0.000
BJ_0100_0200 0.154 0.338 0.736 Drott_2000_2100 2.547 7.907 0.000
BJ_0200_0300 -0.933 -1.824 0.068 Drott_2100_2200 1.387 4.234 0.000
BJ_0300_0400 -1.557 -2.954 0.003 Drott_2200_2300 -1.168 -3.649 0.000
BJ_0400_0500 1.472 2.574 0.010 Drott_2300_0000 -0.511 -1.473 0.141
BJ_0500_0600 6.339 12.311 0.000 BJ -19.207 -66.161 0.000
BJ_0600_0700 11.910 31.186 0.000 Drott. 13.603 49.265 0.000
BJ_0700_0800 15.400 45.647 0.000 Tuesday -0.874 -22.989 0.000
BJ_0800_0900 14.406 43.762 0.000 Wednesday -1.039 -27.409 0.000
BJ_0900_1000 12.734 38.872 0.000 Thursday -1.050 -27.854 0.000
BJ_1000_1100 11.878 36.573 0.000 Autumn -0.929 -19.039 0.000
BJ_1100_1200 10.703 33.025 0.000 Winter -0.233 -4.343 0.000
BJ_1200_1300 10.476 32.341 0.000 Spring -0.254 -4.797 0.000
BJ_1300_1400 9.804 30.341 0.000 Temp.> 0 1.181 29.854 0.000
BJ_1400_1500 11.353 35.223 0.000 Rain -0.148 -3.882 0.000
BJ_1500_1600 14.330 44.245 0.000 Snowing>3hr -1.682 -18.972 0.000
BJ_1600_1700 14.254 44.240 0.000
BJ_1700_1800 12.249 38.195 0.000 R2

BJ_1800_1900 11.607 35.654 0.000 N
0.775

259359

DM/Merged/24hr/Final
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B AGGREGATE MODEL 
In this section, the results obtained from the regression models corresponding to the second 

type of model (Aggregate Model) are presented for each site (Birger Jarlsgatan, Ringvägen 

and Drottningholmsvägen) and for the combined (Merged) model. 

The results are clustered according the dependent variable (Stdev_Speed or Mean Spead) and 

according the number of variables included (Full or Final). 

B.1 AM / Stdev_Speed / Full 
 

Table B.1.1 Output for AM (Aggregate Model), Stdev_Speed, Birger Jarlsgatan, Full 

 

 

Coefficient t-statistics Sig. Coefficient t-statistics Sig.
(Constant) 3.462 25.828 0.000 2100_2200 0.220 1.471 0.141
0100_0200 -0.165 -1.207 0.227 2200_2300 0.625 4.622 0.000
0200_0300 -0.677 -4.934 0.000 2300_0000 0.530 4.027 0.000
0300_0400 -1.153 -7.959 0.000 Tuesday -0.077 -1.293 0.196
0400_0500 -1.712 -10.505 0.000 Wednesday -0.105 -1.770 0.077
0500_0600 -1.728 -11.072 0.000 Thursday -0.140 -2.339 0.019
0600_0700 0.198 1.340 0.180 Autumn -0.177 -2.487 0.013
0700_0800 0.201 1.420 0.156 Winter 0.015 0.192 0.848
0800_0900 -0.169 -1.211 0.226 Spring -0.991 -12.396 0.000
0900_1000 -0.290 -2.078 0.038 Temp.> 0 0.487 7.873 0.000
1000_1100 0.025 0.184 0.854 Visibility > 10 0.018 0.360 0.719
1100_1200 -0.102 -0.746 0.456 Wind Speed -0.010 -2.438 0.015
1200_1300 -0.320 -2.321 0.020 Rain -0.018 -0.209 0.834
1300_1400 -0.454 -3.285 0.001 Snow -0.200 -2.289 0.022
1400_1500 -0.446 -3.209 0.001 MHF 0.066 0.524 0.600
1500_1600 -0.520 -3.689 0.000 Severe Rain 0.276 0.802 0.423
1600_1700 -0.519 -3.680 0.000 Severe Snow -0.106 -0.136 0.892
1700_1800 -0.635 -4.510 0.000 Raining>1hr 0.048 0.385 0.701
1800_1900 -0.326 -2.309 0.021 Snowing>3hr -0.266 -1.869 0.062
1900_2000 0.257 1.769 0.077 R2

2000_2100 0.166 1.120 0.263 N
0.100
9584

AM/Stdev_speed/Birger_Jarlsgatan/Full
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Table B.1.2 Output for AM (Aggregate Model), Stdev_Speed, Ringvägen, Full 

 

Coefficient t-statistics Sig.
(Constant) 3.981 20.649 0.000
0100_0200 -0.802 -3.686 0.000
0200_0300 -1.147 -5.026 0.000
0300_0400 -1.322 -5.832 0.000
0400_0500 -1.148 -5.020 0.000
0500_0600 -1.088 -4.831 0.000
0600_0700 0.529 2.426 0.015
0700_0800 0.507 2.377 0.018
0800_0900 -0.489 -2.305 0.021
0900_1000 -0.055 -0.258 0.796
1000_1100 0.094 0.448 0.654
1100_1200 0.259 1.238 0.216
1200_1300 0.059 0.281 0.779
1300_1400 0.031 0.146 0.884
1400_1500 -0.067 -0.312 0.755
1500_1600 -0.250 -1.154 0.248
1600_1700 -0.514 -2.390 0.017
1700_1800 -0.570 -2.649 0.008
1800_1900 -0.017 -0.077 0.939
1900_2000 0.517 2.316 0.021
2000_2100 0.609 2.681 0.007
2100_2200 1.167 5.098 0.000
2200_2300 1.352 6.554 0.000
2300_0000 0.440 2.185 0.029
Tuesday 0.172 1.938 0.053
Wednesday 0.189 2.081 0.038
Thursday 0.290 3.154 0.002
Winter -0.455 -4.858 0.000
Spring -0.817 -10.614 0.000
Temp.> 0 0.416 4.182 0.000
Visibility > 10 -0.068 -0.919 0.358
Wind Speed -0.004 -0.604 0.546
Rain -0.041 -0.310 0.757
Snow -0.050 -0.305 0.760
MHF -0.118 -0.570 0.569
Severe Rain 0.293 0.458 0.647
Severe Snow -0.892 -0.531 0.595
Raining>1hr 0.185 1.040 0.298
Snowing>3hr 0.149 0.565 0.572

R2

N 5599

AM/Stdev_speed/Ringvägen/Full

0.101
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Table B.1.3 Output for AM (Aggregate Model), Stdev_Speed, Drottningholmsvägen, Full 

 

Coefficient t-statistics Sig.
(Constant) 6.214 31.795 0.000
0100_0200 0.004 0.020 0.984
0200_0300 -0.271 -1.351 0.177
0300_0400 -0.456 -2.272 0.023
0400_0500 -1.090 -5.350 0.000
0500_0600 -0.355 -1.767 0.077
0600_0700 0.742 3.476 0.001
0700_0800 -0.718 -3.408 0.001
0800_0900 -0.865 -4.160 0.000
0900_1000 -0.394 -1.876 0.061
1000_1100 -0.166 -0.800 0.424
1100_1200 0.064 0.308 0.758
1200_1300 0.115 0.554 0.580
1300_1400 -0.043 -0.206 0.837
1400_1500 -0.182 -0.869 0.385
1500_1600 -0.692 -3.258 0.001
1600_1700 -1.691 -8.015 0.000
1700_1800 -1.094 -5.174 0.000
1800_1900 -0.381 -1.786 0.074
1900_2000 0.098 0.442 0.658
2000_2100 0.455 2.059 0.040
2100_2200 0.461 2.054 0.040
2200_2300 0.479 2.359 0.018
2300_0000 0.255 1.293 0.196
Tuesday -0.209 -2.416 0.016
Wednesday -0.126 -1.455 0.146
Thursday 0.102 1.175 0.240
Autumn -0.792 -7.461 0.000
Winter -0.571 -4.944 0.000
Spring -0.167 -1.464 0.143
Temp.> 0 0.760 8.745 0.000
Visibility > 10 -0.003 -0.036 0.971
Wind Speed -0.015 -2.455 0.014
Rain -0.076 -0.587 0.557
Snow -0.408 -3.151 0.002
MHF 0.073 0.403 0.687
Severe Rain -0.023 -0.045 0.964
Severe Snow -2.213 -2.179 0.029
Raining>1hr -0.010 -0.054 0.957
Snowing>3hr -0.363 -1.719 0.086

R2

N 10781
0.057

AM/Stdev_speed/Drottningholmsvägen/Full
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Table B.1.4 Output for AM (Aggregate Model), Stdev_Speed, Merged, Full 

 

Coefficient t-statistics Sig. Coefficient t-statistics Sig.
(Constant) 4.244 22.700 0.000 BJ_2200_2300 -0.708 -2.444 0.015
0100_0200 -0.773 -3.159 0.002 BJ_2300_0000 0.102 0.359 0.719
0200_0300 -1.098 -4.279 0.000 Drott_0100_0200 0.781 2.636 0.008
0300_0400 -1.253 -4.921 0.000 Drott_0200_0300 0.822 2.684 0.007
0400_0500 -1.110 -4.321 0.000 Drott_0300_0400 0.782 2.568 0.010
0500_0600 -1.060 -4.188 0.000 Drott_0400_0500 0.003 0.010 0.992
0600_0700 0.571 2.335 0.020 Drott_0500_0600 0.697 2.298 0.022
0700_0800 0.544 2.274 0.023 Drott_0600_0700 0.068 0.224 0.822
0800_0900 -0.449 -1.888 0.059 Drott_0700_0800 -1.355 -4.571 0.000
0900_1000 -0.013 -0.054 0.957 Drott_0800_0900 -0.506 -1.723 0.085
1000_1100 0.140 0.598 0.550 Drott_0900_1000 -0.465 -1.573 0.116
1100_1200 0.310 1.330 0.183 Drott_1000_1100 -0.389 -1.340 0.180
1200_1300 0.116 0.494 0.621 Drott_1100_1200 -0.317 -1.098 0.272
1300_1400 0.094 0.399 0.690 Drott_1200_1300 -0.073 -0.253 0.801
1400_1500 0.008 0.035 0.972 Drott_1300_1400 -0.211 -0.727 0.467
1500_1600 -0.156 -0.647 0.517 Drott_1400_1500 -0.270 -0.917 0.359
1600_1700 -0.429 -1.790 0.074 Drott_1500_1600 -0.628 -2.112 0.035
1700_1800 -0.494 -2.062 0.039 Drott_1600_1700 -1.364 -4.608 0.000
1800_1900 0.032 0.133 0.894 Drott_1700_1800 -0.698 -2.358 0.018
1900_2000 0.543 2.173 0.030 Drott_1800_1900 -0.492 -1.645 0.100
2000_2100 0.666 2.628 0.009 Drott_1900_2000 -0.536 -1.733 0.083
2100_2200 1.199 4.688 0.000 Drott_2000_2100 -0.326 -1.045 0.296
2200_2300 1.356 5.861 0.000 Drott_2100_2200 -0.841 -2.662 0.008
2300_0000 0.428 1.891 0.059 Drott_2200_2300 -0.918 -3.204 0.001
BJ_0100_0200 0.620 2.054 0.040 Drott_2300_0000 -0.179 -0.641 0.522
BJ_0200_0300 0.437 1.401 0.161 BJ -0.733 -3.522 0.000
BJ_0300_0400 0.139 0.439 0.660 Drott. 1.999 9.740 0.000
BJ_0400_0500 -0.598 -1.801 0.072 Tuesday -0.088 -1.884 0.060
BJ_0500_0600 -0.662 -2.045 0.041 Wednesday -0.052 -1.114 0.265
BJ_0600_0700 -0.332 -1.070 0.284 Thursday 0.050 1.059 0.290
BJ_0700_0800 -0.301 -1.001 0.317 Autumn -0.393 -6.345 0.000
BJ_0800_0900 0.321 1.075 0.282 Winter -0.372 -5.518 0.000
BJ_0900_1000 -0.221 -0.739 0.460 Spring -0.641 -9.585 0.000
BJ_1000_1100 -0.071 -0.243 0.808 Temp.> 0 0.546 11.337 0.000
BJ_1100_1200 -0.386 -1.327 0.184 Visibility > 10 -0.020 -0.517 0.605
BJ_1200_1300 -0.404 -1.377 0.168 Wind Speed -0.011 -3.497 0.000
BJ_1300_1400 -0.513 -1.747 0.081 Rain -0.044 -0.627 0.531
BJ_1400_1500 -0.411 -1.381 0.167 Snow -0.267 -3.717 0.000
BJ_1500_1600 -0.303 -1.008 0.313 MHF 0.023 0.228 0.819
BJ_1600_1700 -0.009 -0.031 0.975 Severe Rain 0.122 0.430 0.667
BJ_1700_1800 -0.087 -0.291 0.771 Severe Snow -1.381 -2.250 0.024
BJ_1800_1900 -0.304 -1.008 0.313 Raining>1hr 0.062 0.638 0.523
BJ_1900_2000 -0.221 -0.710 0.478 Snowing>3hr -0.249 -2.136 0.033
BJ_2000_2100 -0.422 -1.334 0.182 R2

BJ_2100_2200 -0.895 -2.801 0.005 N

AM/Stdev_speed/Merged/Full

0.206
25966
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B.2 AM / Stdev_Speed / Final 
 

Table B.2.1  Output for AM (Aggregate Model), Stdev_Speed, Birger Jarlsgatan, Final 

 

Coefficient t-statistics Sig.
(Constant) 3.483 29.162 0.000
0100_0200 -0.209 -1.605 0.108
0200_0300 -0.755 -5.780 0.000
0300_0400 -1.213 -8.770 0.000
0400_0500 -1.721 -11.152 0.000
0500_0600 -1.745 -11.929 0.000
0600_0700 0.063 0.483 0.629
0700_0800 0.106 0.839 0.401
0800_0900 -0.286 -2.272 0.023
0900_1000 -0.374 -3.001 0.003
1000_1100 -0.073 -0.590 0.555
1100_1200 -0.150 -1.204 0.229
1200_1300 -0.437 -3.503 0.000
1300_1400 -0.595 -4.775 0.000
1400_1500 -0.510 -4.113 0.000
1500_1600 -0.554 -4.429 0.000
1600_1700 -0.598 -4.781 0.000
1700_1800 -0.702 -5.647 0.000
1800_1900 -0.363 -2.921 0.003
1900_2000 0.102 0.820 0.412
2000_2100 0.218 1.741 0.082
2100_2200 0.365 2.922 0.003
2200_2300 0.515 4.111 0.000
2300_0000 0.435 3.491 0.000
Tuesday -0.157 -2.982 0.003
Wednesday -0.138 -2.684 0.007
Thursday -0.141 -2.747 0.006
Autumn -0.191 -3.127 0.002
Winter -0.005 -0.076 0.940
Spring -0.925 -14.421 0.000
Temp.> 0 0.444 8.703 0.000
Rain -0.016 -0.257 0.797
Snowing>3hr -0.588 -5.156 0.000

R2

N 12342
0.096

AM/Stdev_speed/Birger_Jarlsgatan/Final
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Table B.2.2 Output for AM (Aggregate Model), Stdev_Speed, Ringvägen, Final 

 

Coefficient t-statistics Sig.
(Constant) 3.889 23.736 0.000
0100_0200 -0.701 -3.482 0.001
0200_0300 -1.108 -5.240 0.000
0300_0400 -1.284 -6.097 0.000
0400_0500 -1.197 -5.654 0.000
0500_0600 -1.026 -4.965 0.000
0600_0700 0.585 3.151 0.002
0700_0800 0.538 2.932 0.003
0800_0900 -0.365 -1.986 0.047
0900_1000 0.096 0.519 0.603
1000_1100 0.217 1.184 0.237
1100_1200 0.335 1.821 0.069
1200_1300 0.140 0.757 0.449
1300_1400 0.090 0.484 0.628
1400_1500 0.070 0.383 0.702
1500_1600 -0.144 -0.781 0.435
1600_1700 -0.364 -1.974 0.048
1700_1800 -0.508 -2.768 0.006
1800_1900 0.100 0.544 0.587
1900_2000 0.615 3.347 0.001
2000_2100 0.821 4.457 0.000
2100_2200 1.166 6.327 0.000
2200_2300 1.505 8.165 0.000
2300_0000 0.502 2.694 0.007
Tuesday 0.092 1.227 0.220
Wednesday 0.131 1.742 0.082
Thursday 0.218 2.913 0.004
Winter -0.400 -5.100 0.000
Spring -0.722 -11.919 0.000
Temp.> 0 0.385 5.022 0.000
Rain 0.048 0.543 0.587
Snowing>3hr -0.046 -0.232 0.816

R2

N
0.103
7404

AM/Stdev_speed/Ringvägen/Final
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Table B.2.3 Output for AM (Aggregate Model), Stdev_Speed, Drottningholmsvägen, Final 

 

 

Coefficient t-statistics Sig.
(Constant) 6.184 36.076 0.000
0100_0200 0.049 0.263 0.793
0200_0300 -0.201 -1.071 0.284
0300_0400 -0.349 -1.862 0.063
0400_0500 -1.041 -5.493 0.000
0500_0600 -0.235 -1.264 0.206
0600_0700 0.745 4.069 0.000
0700_0800 -0.635 -3.459 0.001
0800_0900 -0.664 -3.624 0.000
0900_1000 -0.302 -1.641 0.101
1000_1100 -0.207 -1.129 0.259
1100_1200 0.041 0.225 0.822
1200_1300 -0.012 -0.064 0.949
1300_1400 -0.161 -0.876 0.381
1400_1500 -0.332 -1.807 0.071
1500_1600 -0.853 -4.614 0.000
1600_1700 -1.895 -10.325 0.000
1700_1800 -1.316 -7.195 0.000
1800_1900 -0.552 -2.993 0.003
1900_2000 0.021 0.112 0.911
2000_2100 0.310 1.695 0.090
2100_2200 0.365 1.995 0.046
2200_2300 0.437 2.381 0.017
2300_0000 0.239 1.307 0.191
Tuesday -0.295 -3.937 0.000
Wednesday -0.165 -2.231 0.026
Thursday 0.033 0.443 0.657
Autumn -0.817 -8.992 0.000
Winter -0.686 -6.957 0.000
Spring -0.288 -3.123 0.002
Temp.> 0 0.684 9.777 0.000
Rain -0.046 -0.496 0.620
Snowing>3hr -0.884 -5.272 0.000

R2

N
0.058
13811

AM/Stdev_speed/Drottningholmsvägen/Final
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Table B.2.4 Output for AM (Aggregate Model), Stdev_Speed, Merged, Final 

 

Coefficient t-statistics Sig. Coefficient t-statistics Sig.
(Constant) 4.161 24.264 0.000 BJ_1900_2000 -0.504 -1.923 0.055
0100_0200 -0.691 -3.007 0.003 BJ_2000_2100 -0.585 -2.220 0.026
0200_0300 -1.079 -4.471 0.000 BJ_2100_2200 -0.773 -2.934 0.003
0300_0400 -1.246 -5.183 0.000 BJ_2200_2300 -0.962 -3.645 0.000
0400_0500 -1.168 -4.833 0.000 BJ_2300_0000 -0.049 -0.183 0.855
0500_0600 -1.011 -4.287 0.000 Drott_0100_0200 0.751 2.705 0.007
0600_0700 0.569 2.689 0.007 Drott_0200_0300 0.886 3.080 0.002
0700_0800 0.522 2.495 0.013 Drott_0300_0400 0.904 3.154 0.002
0800_0900 -0.384 -1.833 0.067 Drott_0400_0500 0.132 0.456 0.649
0900_1000 0.065 0.309 0.757 Drott_0500_0600 0.782 2.772 0.006
1000_1100 0.181 0.865 0.387 Drott_0600_0700 0.173 0.663 0.507
1100_1200 0.304 1.450 0.147 Drott_0700_0800 -1.164 -4.489 0.000
1200_1300 0.114 0.540 0.589 Drott_0800_0900 -0.281 -1.083 0.279
1300_1400 0.064 0.303 0.762 Drott_0900_1000 -0.347 -1.335 0.182
1400_1500 0.040 0.193 0.847 Drott_1000_1100 -0.372 -1.435 0.151
1500_1600 -0.167 -0.795 0.427 Drott_1100_1200 -0.244 -0.941 0.347
1600_1700 -0.387 -1.843 0.065 Drott_1200_1300 -0.111 -0.427 0.670
1700_1800 -0.541 -2.583 0.010 Drott_1300_1400 -0.209 -0.800 0.424
1800_1900 0.066 0.317 0.751 Drott_1400_1500 -0.353 -1.358 0.174
1900_2000 0.583 2.784 0.005 Drott_1500_1600 -0.664 -2.553 0.011
2000_2100 0.788 3.748 0.000 Drott_1600_1700 -1.488 -5.729 0.000
2100_2200 1.131 5.382 0.000 Drott_1700_1800 -0.758 -2.929 0.003
2200_2300 1.473 7.001 0.000 Drott_1800_1900 -0.604 -2.327 0.020
2300_0000 0.479 2.256 0.024 Drott_1900_2000 -0.549 -2.110 0.035
BJ_0100_0200 0.492 1.737 0.082 Drott_2000_2100 -0.471 -1.813 0.070
BJ_0200_0300 0.331 1.131 0.258 Drott_2100_2200 -0.760 -2.924 0.003
BJ_0300_0400 0.049 0.166 0.868 Drott_2200_2300 -1.035 -3.979 0.000
BJ_0400_0500 -0.559 -1.794 0.073 Drott_2300_0000 -0.240 -0.916 0.360
BJ_0500_0600 -0.739 -2.459 0.014 BJ -0.608 -3.109 0.002
BJ_0600_0700 -0.541 -2.013 0.044 Drott. 2.008 10.422 0.000
BJ_0700_0800 -0.447 -1.698 0.089 Tuesday -0.165 -4.087 0.000
BJ_0800_0900 0.072 0.274 0.784 Wednesday -0.091 -2.295 0.022
BJ_0900_1000 -0.461 -1.753 0.080 Thursday 0.006 0.147 0.883
BJ_1000_1100 -0.277 -1.056 0.291 Autumn -0.412 -7.793 0.000
BJ_1100_1200 -0.483 -1.837 0.066 Winter -0.420 -7.321 0.000
BJ_1200_1300 -0.577 -2.188 0.029 Spring -0.659 -12.188 0.000
BJ_1300_1400 -0.690 -2.616 0.009 Temp.> 0 0.495 12.800 0.000
BJ_1400_1500 -0.579 -2.209 0.027 Rain -0.009 -0.177 0.859
BJ_1500_1600 -0.410 -1.557 0.119 Snowing>3hr -0.632 -6.868 0.000
BJ_1600_1700 -0.230 -0.874 0.382
BJ_1700_1800 -0.193 -0.737 0.461 R2

BJ_1800_1900 -0.455 -1.737 0.082 N
0.217

AM/Stdev_speed/Merged/Final

33559
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B.3 AM / Mean Speed / Full 
 

Table B.3.1 Output for AM (Aggregate Model), Mean_Speed, Birger Jarlsgatan, Full 

 

Coefficient t-statistics Sig.
(Constant) 23.426 99.772 0.000
0100_0200 0.147 0.612 0.540
0200_0300 0.477 1.984 0.047
0300_0400 0.907 3.576 0.000
0400_0500 2.800 9.813 0.000
0500_0600 4.423 16.180 0.000
0600_0700 3.974 15.359 0.000
0700_0800 0.652 2.634 0.008
0800_0900 -3.084 -12.590 0.000
0900_1000 -3.791 -15.522 0.000
1000_1100 -3.252 -13.524 0.000
1100_1200 -4.710 -19.677 0.000
1200_1300 -6.645 -27.492 0.000
1300_1400 -6.764 -27.942 0.000
1400_1500 -6.605 -27.144 0.000
1500_1600 -6.169 -24.987 0.000
1600_1700 -6.058 -24.534 0.000
1700_1800 -6.215 -25.202 0.000
1800_1900 -4.519 -18.297 0.000
1900_2000 -1.734 -6.811 0.000
2000_2100 -1.197 -4.621 0.000
2100_2200 -0.857 -3.271 0.001
2200_2300 -0.565 -2.386 0.017
2300_0000 -0.948 -4.111 0.000
Tuesday -0.639 -6.089 0.000
Wednesday -1.417 -13.603 0.000
Thursday -2.054 -19.589 0.000
Autumn 0.334 2.686 0.007
Winter 1.012 7.305 0.000
Spring -1.662 -11.873 0.000
Temp.> 0 0.898 8.290 0.000
Visibility > 10 0.152 1.730 0.084
Wind Speed -0.003 -0.476 0.634
Rain -0.791 -5.118 0.000
Snow -0.875 -5.714 0.000
MHF 0.207 0.932 0.351
Severe Rain 0.169 0.280 0.780
Severe Snow -0.771 -0.564 0.573
Raining>1hr 0.376 1.734 0.083
Snowing>3hr -0.087 -0.350 0.727

R2

N
0.478
9584

AM/Mean_speed/Birger_Jarlsgatan/Full
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Table B.3.2 Output for AM (Aggregate Model), Mean_Speed, Ringvägen, Full 

 

 

Coefficient t-statistics Sig.
(Constant) 41.673 145.465 0.000
0100_0200 1.590 4.919 0.000
0200_0300 1.552 4.577 0.000
0300_0400 3.112 9.239 0.000
0400_0500 2.337 6.876 0.000
0500_0600 0.214 0.639 0.523
0600_0700 -4.887 -15.077 0.000
0700_0800 -12.833 -40.492 0.000
0800_0900 -16.439 -52.154 0.000
0900_1000 -15.330 -48.392 0.000
1000_1100 -14.058 -45.010 0.000
1100_1200 -14.405 -46.402 0.000
1200_1300 -15.481 -49.360 0.000
1300_1400 -15.464 -49.266 0.000
1400_1500 -15.973 -50.026 0.000
1500_1600 -18.597 -57.838 0.000
1600_1700 -19.279 -60.294 0.000
1700_1800 -17.640 -55.220 0.000
1800_1900 -15.046 -46.822 0.000
1900_2000 -11.618 -34.989 0.000
2000_2100 -10.086 -29.898 0.000
2100_2200 -8.001 -23.513 0.000
2200_2300 -4.345 -14.177 0.000
2300_0000 -1.409 -4.705 0.000
Tuesday 0.174 1.316 0.188
Wednesday -0.080 -0.595 0.552
Thursday 0.107 0.782 0.434
Winter -0.333 -2.395 0.017
Spring -2.381 -20.826 0.000
Temp.> 0 -0.268 -1.813 0.070
Visibility > 10 0.230 2.094 0.036
Wind Speed 0.005 0.631 0.528
Rain 0.017 0.084 0.933
Snow 0.444 1.815 0.070
MHF 0.499 1.625 0.104
Severe Rain 0.620 0.653 0.514
Severe Snow 0.057 0.023 0.982
Raining>1hr 0.232 0.878 0.380
Snowing>3hr -0.312 -0.800 0.424

R2

N
0.821
5599

AM/Mean_speed/Ringvägen/Full
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Table B.3.3 Output for AM (Aggregate Model), Mean_Speed, Drottningholmsvägen, Full 

 

Coefficient t-statistics Sig.
(Constant) 55.865 145.883 0.000
0100_0200 1.010 2.576 0.010
0200_0300 2.877 7.317 0.000
0300_0400 3.081 7.834 0.000
0400_0500 3.774 9.459 0.000
0500_0600 3.403 8.655 0.000
0600_0700 -2.713 -6.484 0.000
0700_0800 -12.782 -30.954 0.000
0800_0900 -23.319 -57.209 0.000
0900_1000 -16.778 -40.738 0.000
1000_1100 -10.749 -26.383 0.000
1100_1200 -10.000 -24.682 0.000
1200_1300 -11.496 -28.217 0.000
1300_1400 -11.172 -27.379 0.000
1400_1500 -11.297 -27.455 0.000
1500_1600 -16.365 -39.301 0.000
1600_1700 -27.419 -66.329 0.000
1700_1800 -25.267 -60.966 0.000
1800_1900 -15.323 -36.665 0.000
1900_2000 -7.754 -17.902 0.000
2000_2100 -7.635 -17.645 0.000
2100_2200 -6.597 -14.988 0.000
2200_2300 -5.952 -14.955 0.000
2300_0000 -3.256 -8.415 0.000
Tuesday -0.968 -5.718 0.000
Wednesday -1.594 -9.383 0.000
Thursday -1.611 -9.427 0.000
Autumn -2.250 -10.823 0.000
Winter -1.302 -5.753 0.000
Spring 0.185 0.825 0.409
Temp.> 0 1.651 9.703 0.000
Visibility > 10 0.510 3.540 0.000
Wind Speed 0.012 1.075 0.282
Rain -0.918 -3.619 0.000
Snow -0.541 -2.135 0.033
MHF 1.083 3.040 0.002
Severe Rain -0.988 -0.982 0.326
Severe Snow -0.118 -0.059 0.953
Raining>1hr 0.991 2.721 0.007
Snowing>3hr -1.257 -3.041 0.002

R2

N
0.681
10781

AM/Mean_speed/Drottningholmsvägen/Full
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Table B.3.4 Output for AM (Aggregate Model), Mean_Speed, Merged, Full 

 

Coefficient t-statistics Sig. Coefficient t-statistics Sig.
(Constant) 41.610 119.222 0.000 BJ_2200_2300 3.790 7.009 0.000
0100_0200 1.653 3.621 0.000 BJ_2300_0000 0.491 0.929 0.353
0200_0300 1.693 3.536 0.000 Drott_0100_020 -0.630 -1.140 0.254
0300_0400 3.355 7.058 0.000 Drott_0200_030 1.176 2.057 0.040
0400_0500 2.412 5.029 0.000 Drott_0300_040 -0.306 -0.538 0.591
0500_0600 0.238 0.504 0.614 Drott_0400_050 1.333 2.319 0.020
0600_0700 -4.667 -10.218 0.000 Drott_0500_060 3.195 5.640 0.000
0700_0800 -12.621 -28.262 0.000 Drott_0600_070 1.704 3.021 0.003
0800_0900 -16.294 -36.709 0.000 Drott_0700_080 -0.382 -0.691 0.490
0900_1000 -15.246 -34.199 0.000 Drott_0800_090 -7.215 -13.159 0.000
1000_1100 -14.058 -32.102 0.000 Drott_0900_100 -1.693 -3.069 0.002
1100_1200 -14.395 -33.104 0.000 Drott_1000_110 3.182 5.869 0.000
1200_1300 -15.468 -35.290 0.000 Drott_1100_120 4.303 7.992 0.000
1300_1400 -15.433 -35.208 0.000 Drott_1200_130 3.872 7.151 0.000
1400_1500 -15.858 -35.514 0.000 Drott_1300_140 4.169 7.694 0.000
1500_1600 -18.449 -41.051 0.000 Drott_1400_150 4.446 8.078 0.000
1600_1700 -19.134 -42.736 0.000 Drott_1500_160 1.918 3.458 0.001
1700_1800 -17.527 -39.187 0.000 Drott_1600_170 -8.493 -15.368 0.000
1800_1900 -14.985 -33.231 0.000 Drott_1700_180 -7.917 -14.324 0.000
1900_2000 -11.549 -24.781 0.000 Drott_1800_190 -0.470 -0.843 0.399
2000_2100 -9.913 -20.946 0.000 Drott_1900_200 3.621 6.274 0.000
2100_2200 -7.900 -16.548 0.000 Drott_2000_210 2.040 3.500 0.000
2200_2300 -4.327 -10.020 0.000 Drott_2100_220 1.129 1.915 0.056
2300_0000 -1.452 -3.436 0.001 Drott_2200_230 -1.701 -3.182 0.001
BJ_0100_0200 -1.453 -2.579 0.010 Drott_2300_000 -1.785 -3.417 0.001
BJ_0200_0300 -1.176 -2.020 0.043 BJ -17.879 -46.015 0.000
BJ_0300_0400 -2.365 -4.010 0.000 Drott. 14.308 37.350 0.000
BJ_0400_0500 0.390 0.629 0.530 Tuesday -0.641 -7.363 0.000
BJ_0500_0600 4.176 6.912 0.000 Wednesday -1.220 -13.955 0.000
BJ_0600_0700 8.737 15.088 0.000 Thursday -1.443 -16.397 0.000
BJ_0700_0800 13.328 23.742 0.000 Autumn -0.756 -6.540 0.000
BJ_0800_0900 13.254 23.805 0.000 Winter -0.356 -2.824 0.005
BJ_0900_1000 11.569 20.750 0.000 Spring -1.115 -8.937 0.000
BJ_1000_1100 10.880 19.884 0.000 Temp.> 0 0.932 10.359 0.000
BJ_1100_1200 9.706 17.861 0.000 Visibility > 10 0.286 3.893 0.000
BJ_1200_1300 8.861 16.184 0.000 Wind Speed 0.004 0.645 0.519
BJ_1300_1400 8.698 15.881 0.000 Rain -0.702 -5.408 0.000
BJ_1400_1500 9.296 16.733 0.000 Snow -0.543 -4.043 0.000
BJ_1500_1600 12.377 22.077 0.000 MHF 0.632 3.370 0.001
BJ_1600_1700 13.227 23.623 0.000 Severe Rain -0.351 -0.662 0.508
BJ_1700_1800 11.386 20.358 0.000 Severe Snow -0.688 -0.601 0.548
BJ_1800_1900 10.537 18.707 0.000 Raining>1hr 0.608 3.352 0.001
BJ_1900_2000 9.900 17.033 0.000 Snowing>3hr -0.584 -2.679 0.007
BJ_2000_2100 8.843 14.969 0.000 R2

BJ_2100_2200 7.147 11.983 0.000 N
0.882
25966

AM/Mean_speed/Merged/Full
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B.4 AM / Mean Speed /Final 
 

Table B.4.1 Output for AM (Aggregate Model), Mean_Speed, Birger Jarlsgatan, Final 

 

Coefficient t-statistics Sig.
(Constant) 23.435 112.050 0.000
0100_0200 0.131 0.576 0.564
0200_0300 0.458 2.001 0.045
0300_0400 0.882 3.642 0.000
0400_0500 2.795 10.344 0.000
0500_0600 4.406 17.204 0.000
0600_0700 3.935 17.281 0.000
0700_0800 0.684 3.104 0.002
0800_0900 -2.992 -13.584 0.000
0900_1000 -3.787 -17.328 0.000
1000_1100 -3.248 -14.947 0.000
1100_1200 -4.779 -21.973 0.000
1200_1300 -6.506 -29.799 0.000
1300_1400 -6.797 -31.151 0.000
1400_1500 -6.630 -30.516 0.000
1500_1600 -6.034 -27.552 0.000
1600_1700 -5.838 -26.653 0.000
1700_1800 -6.189 -28.424 0.000
1800_1900 -4.379 -20.100 0.000
1900_2000 -1.541 -7.089 0.000
2000_2100 -1.056 -4.819 0.000
2100_2200 -0.777 -3.558 0.000
2200_2300 -0.582 -2.654 0.008
2300_0000 -0.993 -4.550 0.000
Tuesday -0.727 -7.902 0.000
Wednesday -1.376 -15.254 0.000
Thursday -1.817 -20.238 0.000
Autumn 0.302 2.814 0.005
Winter 0.783 6.553 0.000
Spring -1.604 -14.282 0.000
Temp.> 0 0.831 9.307 0.000
Rain -0.585 -5.328 0.000
Snowing>3hr -0.928 -4.646 0.000

R2

N

AM/Mean_speed/Birger_Jarlsgatan/Final

0.480
12342
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Table B.4.2 Output for AM (Aggregate Model), Mean_Speed, Ringvagen, Final 

 

 

Coefficient t-statistics Sig.
(Constant) 41.802 168.288 0.000
0100_0200 1.629 5.337 0.000
0200_0300 1.535 4.788 0.000
0300_0400 2.978 9.330 0.000
0400_0500 2.342 7.294 0.000
0500_0600 0.305 0.975 0.330
0600_0700 -4.871 -17.318 0.000
0700_0800 -12.674 -45.577 0.000
0800_0900 -16.113 -57.886 0.000
0900_1000 -15.088 -54.106 0.000
1000_1100 -13.900 -49.977 0.000
1100_1200 -14.327 -51.322 0.000
1200_1300 -15.375 -54.842 0.000
1300_1400 -15.354 -54.632 0.000
1400_1500 -15.893 -56.999 0.000
1500_1600 -18.305 -65.547 0.000
1600_1700 -18.791 -67.275 0.000
1700_1800 -17.310 -62.196 0.000
1800_1900 -14.853 -53.437 0.000
1900_2000 -11.544 -41.436 0.000
2000_2100 -9.744 -34.881 0.000
2100_2200 -7.757 -27.771 0.000
2200_2300 -4.595 -16.445 0.000
2300_0000 -1.321 -4.681 0.000
Tuesday 0.060 0.523 0.601
Wednesday -0.079 -0.697 0.486
Thursday 0.090 0.795 0.427
Winter -0.199 -1.676 0.094
Spring -1.959 -21.320 0.000
Temp.> 0 -0.408 -3.512 0.000
Rain 0.068 0.504 0.614
Snowing>3hr -0.579 -1.917 0.055

R2

N

AM/Mean_speed/Ringvägen/Final

0.813
7404
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Table B.4.3 Output for AM (Aggregate Model), Mean_Speed, Drottningholmsvägen, Final 

 

Coefficient t-statistics Sig.
(Constant) 56.035 157.977 0.000
0100_0200 0.962 2.494 0.013
0200_0300 2.868 7.405 0.000
0300_0400 3.094 7.987 0.000
0400_0500 3.917 9.986 0.000
0500_0600 3.583 9.309 0.000
0600_0700 -2.304 -6.079 0.000
0700_0800 -11.831 -31.130 0.000
0800_0900 -22.435 -59.198 0.000
0900_1000 -16.361 -42.917 0.000
1000_1100 -10.545 -27.772 0.000
1100_1200 -9.874 -26.014 0.000
1200_1300 -11.488 -30.202 0.000
1300_1400 -11.158 -29.269 0.000
1400_1500 -11.351 -29.843 0.000
1500_1600 -16.790 -43.890 0.000
1600_1700 -27.942 -73.586 0.000
1700_1800 -25.587 -67.594 0.000
1800_1900 -15.419 -40.378 0.000
1900_2000 -7.633 -19.978 0.000
2000_2100 -7.499 -19.821 0.000
2100_2200 -6.661 -17.590 0.000
2200_2300 -5.894 -15.517 0.000
2300_0000 -3.157 -8.335 0.000
Tuesday -1.048 -6.765 0.000
Wednesday -1.514 -9.897 0.000
Thursday -1.485 -9.737 0.000
Autumn -2.201 -11.704 0.000
Winter -1.583 -7.761 0.000
Spring 0.201 1.053 0.292
Temp.> 0 1.601 11.061 0.000
Rain -0.408 -2.136 0.033
Snowing>3hr -1.801 -5.192 0.000

R2

N

AM/Mean_speed/Drottningholmsvägen/Final

0.663
13811
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Table B.4.4 Output for AM (Aggregate Model), Mean_Speed, Merged, Final 

 

Coefficient t-statistics Sig. Coefficient t-statistics Sig.
(Constant) 41.786 125.481 0.000 BJ_1900_2000 10.081 19.788 0.000
0100_0200 1.642 3.680 0.000 BJ_2000_2100 8.788 17.173 0.000
0200_0300 1.629 3.476 0.001 BJ_2100_2200 7.065 13.814 0.000
0300_0400 3.112 6.667 0.000 BJ_2200_2300 4.064 7.929 0.000
0400_0500 2.367 5.043 0.000 BJ_2300_0000 0.351 0.681 0.496
0500_0600 0.298 0.652 0.515 Drott_0100_0200 -0.641 -1.190 0.234
0600_0700 -4.876 -11.863 0.000 Drott_0200_0300 1.262 2.260 0.024
0700_0800 -12.662 -31.171 0.000 Drott_0300_0400 0.016 0.029 0.977
0800_0900 -16.152 -39.714 0.000 Drott_0400_0500 1.569 2.798 0.005
0900_1000 -15.204 -37.311 0.000 Drott_0500_0600 3.317 6.051 0.000
1000_1100 -14.065 -34.606 0.000 Drott_0600_0700 2.563 5.056 0.000
1100_1200 -14.504 -35.569 0.000 Drott_0700_0800 0.811 1.610 0.107
1200_1300 -15.549 -37.981 0.000 Drott_0800_0900 -6.272 -12.462 0.000
1300_1400 -15.554 -37.914 0.000 Drott_0900_1000 -1.065 -2.110 0.035
1400_1500 -16.097 -39.546 0.000 Drott_1000_1100 3.596 7.144 0.000
1500_1600 -18.509 -45.411 0.000 Drott_1100_1200 4.720 9.360 0.000
1600_1700 -18.979 -46.538 0.000 Drott_1200_1300 4.138 8.179 0.000
1700_1800 -17.510 -43.076 0.000 Drott_1300_1400 4.485 8.847 0.000
1800_1900 -15.032 -37.008 0.000 Drott_1400_1500 4.843 9.609 0.000
1900_2000 -11.699 -28.745 0.000 Drott_1500_1600 1.819 3.600 0.000
2000_2100 -9.903 -24.269 0.000 Drott_1600_1700 -8.870 -17.588 0.000
2100_2200 -7.872 -19.282 0.000 Drott_1700_1800 -7.990 -15.895 0.000
2200_2300 -4.677 -11.449 0.000 Drott_1800_1900 -0.317 -0.629 0.529
2300_0000 -1.365 -3.309 0.001 Drott_1900_2000 4.138 8.197 0.000
BJ_0100_0200 -1.481 -2.694 0.007 Drott_2000_2100 2.454 4.870 0.000
BJ_0200_0300 -1.159 -2.036 0.042 Drott_2100_2200 1.253 2.484 0.013
BJ_0300_0400 -2.190 -3.787 0.000 Drott_2200_2300 -1.204 -2.383 0.017
BJ_0400_0500 0.416 0.687 0.492 Drott_2300_0000 -1.782 -3.507 0.000
BJ_0500_0600 4.107 7.040 0.000 BJ -17.909 -47.144 0.000
BJ_0600_0700 8.715 16.705 0.000 Drott. 14.125 37.759 0.000
BJ_0700_0800 13.240 25.893 0.000 Tuesday -0.716 -9.157 0.000
BJ_0800_0900 13.062 25.525 0.000 Wednesday -1.160 -15.020 0.000
BJ_0900_1000 11.347 22.208 0.000 Thursday -1.288 -16.755 0.000
BJ_1000_1100 10.752 21.123 0.000 Autumn -0.745 -7.263 0.000
BJ_1100_1200 9.645 18.909 0.000 Winter -0.552 -4.955 0.000
BJ_1200_1300 8.966 17.510 0.000 Spring -1.011 -9.629 0.000
BJ_1300_1400 8.663 16.903 0.000 Temp.> 0 0.847 11.272 0.000
BJ_1400_1500 9.379 18.419 0.000 Rain -0.386 -4.087 0.000
BJ_1500_1600 12.406 24.271 0.000 Snowing>3hr -1.220 -6.823 0.000
BJ_1600_1700 13.079 25.577 0.000
BJ_1700_1800 11.221 22.039 0.000 R2

BJ_1800_1900 10.569 20.756 0.000 N

AM/Mean_speed/Merged/Final

0.877
33559
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