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ABSTRACT
This paper presents PREMOTRANE – “prediction model of transit network evolution”. Such GIS-based computer model aims at simulating the bus network growth dynamics. It presents a two-phase research project that made use of the historical network growth, socioeconomic data, ridership, and transit service standards to produce a modelling framework of actions performed by transit agencies. This paper explains the causes and triggers of growth. It then describes the framework and function of the PREMOTRANE expert system. ArcGIS platform is used to represent and update the predicted network in future time steps. Preliminary tests of this model show promising results. 
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INTRODUCTION
The fast population growth in modern cities, the need to meet mobility, the increasing transportation and congestion problems, and the environmental and energy objectives place demands and responsibilities on public transit as one important transportation solution for urban cities (TCRP, 2006). For this reason, public transportation is becoming increasingly essential and vital for the wellbeing of residents, governments, and the environment. In particular, improvements and changes in the public transit network have also shown to have a great effect on the urban and national economy and development (Cambridge Systematics, 1999). 
Therefore, a model that captures public transportation network changes happening over time would be a useful tool for predicting its shape and functionality in several future time-steps and, therefore, is important for assessing future urban development, economy, and life style. To achieve this goal, a computer model was proposed to simulate the evolution of transit networks. Such model assumes that changes happening to public transit networks are triggered by socioeconomic and urban factors and is dictated by standard practices of public transit agencies.

Since this model would help predict the state of the transit network in the future, it would be useful for several applications and objectives. For instance, this model would be a useful tool for transit planners to assist and support their decisions when applying a change in their networks and test different strategies. On the other hand, it could be an aid for developers and urban planners for formulating their vision of the future urban state. Currently, there are growing interests in the transportation planning field to bring various transportation-related components of urban systems into an integrated modelling framework, in which the dynamic two-way interactions between urban form and transportation are modelled together given current theory, data, modelling methods and computational capabilities (Miller et al, 2004). A key component that largely drives these interactions is obviously the transportation infrastructure, including its road and transit sub-networks, and how it evolves over time. The need of a model that captures the dynamics of changes that happen over time, relating these changes to various factors, and predicting the future state of the network is an important issue. Such a model is currently missing from transportation-land-use modelling frameworks currently under development. Therefore, it is very crucial for such modelling frameworks, such as ILUTE (Integrated Land Use, Transportation, & Environment) to include a model component that represents the evolution of the transportation system over time. 
ILUTE

There has been a growing interest at the University of Toronto in modelling several urban activities (e.g. land-use and location choice) and their impact on travel demand. These initiatives have resulted in the development of ILUTE (Miller et al, 2004, Haidar, 2003). Using activity-based analysis and built-in modules for land-use and location choice, ILUTE forecasts traffic flows and travel times, along with energy use and emissions. The overall purpose of ILUTE is to simulate the evolution of an entire urban region over an extended period of time including the transit network as one main component of the transportation-urban system. Similarly, the main goal of the model described in this paper is to simulate the growth of the transit network as a main component of the transportation-urban system.

Transit Service Standards
In any transit network, in order to satisfy changing demand within budget constraints, local transit agencies apply periodic changes in frequencies, routes, times of operation, configuration and route extensions (TTC, 2001-2005). Decisions always have to be made as to where a line would go, when and how frequently it would run. These changes in turn cause the continuous evolution of the transit network. 
Local transit agencies perform these changes based on guidelines stated in the service standards that provide justification for these changes. Service standards describe the criteria to be evaluated to implement a change such as ridership level, feedback from users and operators, available resources, and economic reasons. Service standards show how the service quality and financial performance of routes which are already operating are monitored, how proposals for new services and service changes are evaluated, and provide a mechanism for measuring the trade-offs between the benefits achieved by providing more service in one location, the inconvenience caused by removing it from another, and the costs of providing those services (TTC, 2005).
PREMOTRANE
Due to the lack of research concerning transit network evolution, it was not known to what extent changes in travel demand, population density, income, and other factors drive changes in the supply of transit networks, and if these factors are significant in explaining the dynamic changes of these networks. For these reasons, the first phase of this research effort aimed to understand and model such relationships (Mohammed et al, 2006). It began by analysing the historical trends of transit supply in a fast growing medium-size city in the Greater Toronto Area (GTA) in Ontario, Canada and relating those trends to several factors. The purpose of this empirical analyses phase was to understand the causes and triggers of transit supply growth by building statistical and econometric models. These models guide the model building effort of the following phase. Such effort is described in this paper.
Our model – PREMOTRANE which is short for “Prediction Model of Transit Network Evolution”, makes use of the first phase results that explained the evolution causes and triggers. In addition, it uses the descriptions, instructions, and examples represented in the service standards to come out with a computer-based framework that simulates actions taken by the transit agencies and systematically models these actions.
This paper first summarises the previous research efforts, and then describes the first phase’s results of this research. It then briefly describes the change guidelines of the Toronto Transit Commission “TTC” Service Standards, the steps taken by TTC to complete changes on its routes, and the process of monitoring, evaluating, recommending, implementing, and post-implementing a change. The paper then demonstrates the development of this new modelling framework that addresses transit network evolution. It shows how PREMOTRANE models these steps in a systematic way to execute a change. It then describes the use of ArcGIS as a modelling and representation platform of PREMOTRANE. ArcGIS would represent the network, flag areas and lines that would experience changes, and then execute all proposed changes. At the end, this paper presents the results, conclusions and future work.
BACKGROUND
Despite the importance of modelling transit supply, previous research in transportation planning and modelling has focused largely on understanding and forecasting travel behaviour and demand, taking the transportation network as a given or static input. Modelling the dynamic changes in the supply of transportation was not a main focus of transportation researchers until recently, in spite of the significance of network supply changes over the long run and their direct effects on future travel demand. However, in the recent research of Levinson and Karamalaputi (2002), a multiple regression model of the road network growth based on demographic characteristics, operator’s budget, and costs was developed for the first time. This was achieved using multinomial and mixed logit modelling techniques.
In the public transit context, the review of the transit supply modelling literature showed that no previous general theoretical framework has been found for network growth modelling at the route level. Conversely, several studies that were committed to understand the travel behaviour and transit ridership demand and transit assignment studies addressed the links with transit supply. Taylor and Miller (2003), and Wahba (2004) showed that important decisions concerning investment in public transport infrastructure or services are usually supported by evaluation methodologies based on transit assignment models. Yet there have been research efforts to model other related transit supply problems. For example, Gaurdy (1975), Alperovich et al. (1977), Kemp (1981), Peng et al (1997), and Taylor & Miller (2003) addressed the problem of mutual causality of demand and supply. Peng et al developed an iterative model that addresses the interrelationship among supply and demand in a transit network, and the interactive effects among related routes in a coherent framework.
The models from that study emphasized these iterative processes of demand and supply as transit ridership is the result of two decision-making processes of riders and transit planners/schedulers. The distribution of transit service and ridership among routes is a result of an ongoing process of balancing transit demand and supply. Transit riders respond to service changes, while transit planners adjust transit services based on observed ridership levels and their expectation of future ridership, as well as other factors. These continuous adjustments of the services cause in the long term a permanent evolution of the transit network. 
It should be noted that most of the previous studies considered the simultaneity of transit demand and supply in order to develop time-series analysis for particular agencies with the goal of developing projections of future transit demand, so service levels and routes could be modified. In this research, these two-way interactions of demand and supply were taken into consideration in the first phase when building simultaneous equations for both demand and supply in the long term. In the second phase, these two-way interactions are addressed when PREMOTRANE fits in the ILUTE framework and exchanges both demand and supply data for future time steps and are simulated together.
On the other hand, a long tradition exists in the transportation planning field of trying to model several transportation-related components of urban systems (networks, travel behaviour, location choice, etc.). In such integrated modelling frameworks, the two-way interactions between urban form (land development, building supply, location choices of households and firms, etc.) and transportation (auto ownership, travel demand, transportation network performance, etc.) are modelled together in a comprehensive, logically consistent, and theoretically sound fashion, given current theory, data, modelling methods and computational capabilities (Miller et al, 2004). 

PHASE 1: Empirical Analysis of Transit Network Evolution: Case Study of the Mississauga, Ontario Bus Network
As a busy, fast-growing suburb of the Greater Toronto Area, the bus network of Mississauga was selected for the case study of the first phase. The substantial growth of its transit network over the past three decades, along with the changes in demand and other demographic and socioeconomic variables, provide a useful case to explore network growth trends and related factors. In addition, its unique connectivity and relationship with city of Toronto encouraged such choice. On the other hand, Mississauga is considered a great example of a typical North American Suburb of a major city that has grown to become the sixth largest and fastest growing city in Canada (Discover Mississauga).
Data for Mississauga transit along with a host of demographic and socioeconomic variables were analyzed and represented in ArcGIS. They were represented for multiple time steps spanning 15 years (1986-2001) and were used to model the evolution of supply. Multiple regression and simultaneous equation models were used to relate transit supply represented by bus frequencies to this group of demographic, socioeconomic, and route-specific explanatory variables. 
Two types of analysis that represent two assumptions were presented: The first was a cross-sectional model that relates supply to the independent variables without taking time into consideration. The second was a simultaneous system that considered time factor and the mutual effect of demand and supply. These models give an idea of the directions and triggers of evolution to be used for model building. Table 1 presents the cross-sectional model while Table 2 presents the simultaneous equations.
Results of cross-sectional models show that route frequency significantly increases with demand, population density, number of children along the whole city, number of transfers, and connectivity to the TTC subway system. In contrast, it decreases when the number of children around the line vicinity increases.
Simultaneous models contained two equations: the first showed that frequency increases with demand, number of transfers, and employment force along the vicinity areas. The connectivity to TTC subway was found significant as well. Furthermore, the second equation showed that demand increases with density, change in employment and city-wide population density. Demand also increases with frequency of the last time-step, but decreases with the increase of number of children. This last result is attributed to the fact that neighborhoods in suburbs with more families and young children are more automobile dependant when compared to single or couple adults living in apartments. These models show great potential in predicting both demand and supply. However, it is used to direct the modeling approach in PREMOTRANE.
Model Testing

Datasets of the year 2001 were plugged in the simultaneous model and were used to predict the demand and frequency. The observed demands and frequencies of 2001 were then compared to the calculated ones. Figure (1) shows these comparisons for randomly selected corridors. It shows no significant differences for these routes. In addition, two tailed matched pair tests were used in SPSS to test the hypothesis that the two pairs (calculated versus predicted) are significantly different. [Demand: Mean = -1.986748, t = -.038, and p = 0.97] and [Frequency: Mean = 0.136192, t = 0.359, and p = 0.722]    As a result, it could be concluded that the previous model perfectly represents the 2001 data. Therefore, it was chosen to represent the evolution of transit supply and demand for Mississauga Transit. However, given the type of data collected, more analysis and testing are required using more recent data to test the predictive power of this model.
PHASE 2: Prediction Model of Transit Network Evolution “PREMOTRANE”
Types of Changes in Transit Services
There are two main types of changes that happen in any public transit network; these are capital-intensive changes, and periodic service changes:
Capital-intensive changes are changes that require huge funds. These changes do not happen regularly, but rather occasionally when a decision is made and funds are available. Examples of these changes may include building a new subway or new LRT line, modifying the whole transit master plan for the city, or introducing new vehicle/system technologies. These changes are hard to predict because such changes are dependent on factors that are hard to capture quantitatively in a model. They are typically based on decisions made by the government, transit agency, or the city. These are usually political decisions and are based on available funding for public transportation from the federal and provincial governments. In democratic societies, these decisions are occasionally supported by the public opinions resulting from public polls, local media coverage, and public meetings. 

However, these capital extensive changes would have great effects on the periodic service changes in study (building of a new subway station would affect the evolution of other bus routes. It would give birth to several bus routes that would serve the stations of this new subway). Therefore, in PREMOTRANE, these changes would be taken into consideration exogenously when studying the periodic service changes and could be available from the city’s official future plans for transit.

Medium-to-small periodic changes are changes that happen regularly in the transit system. They are made periodically by the local transit agency and are governed by service standards. They include: addition of a new bus route, removal of an existing route, changing the frequency or schedule of an existing line, partially changing the routing of an existing line, shortening or extending an existing bus route, introducing or reducing bus service for specific day/time periods. 

These changes happen as a response to different possible causes and are applied regularly to meet the changing transit requirements in the city. Small changes, developed through the continuous monitoring of services, are introduced regularly. They can be in response to ridership increase, suggestions and complaints from customers, comments and views of TTC staff members, or as a response to the economic efficiency of each route. Medium (more substantial) changes happen in response to presented proposals that are carefully reviewed before they are recommended. Results from the first phase show that these changes could be justified by different causes and variables, such as population growth/decline, density, land-use changes, modal characteristics, and transit service (speed, accessibility, price, or reliability). 

The next section sheds light on the service guidelines and standards PREMOTRANE framework is based on. It shows the rules that were extracted and modeled.
Service Standards 

Service standards are the guidelines that provide the formal criteria in which transit decision-makers follow and a change happens. Therefore, it could be stated that service standards offer the mechanism in which transit network evolves. In other words, the mechanism of evolution happens via transit service review and adjustment that is based on service standards. 

Service standards describe the criteria to be evaluated to implement a change such as ridership level, feedback from users and operators, available resources, and economic reasons. They show how service quality and financial performance of routes which are already operating are monitored, how proposals for new services and service changes are evaluated, and provides a mechanism for measuring the trade-offs between the benefits achieved by providing more service in one location, the inconvenience caused by removing it from another, and costs of providing those services.

Changes that usually happen in the local transit agencies could be enumerated as follows:

1. Addition/Removal of a bus route, 

2. Change of frequency of an existing route, 

3. Changing the routing of an existing route, 

4. Shortening or extending an existing bus route, 

5. Changing the number and locations of bus stops. 

6. Reducing or adding service for specific times during the week.

These changes happen as a response to different possible causes. Each transit agency employs different monitoring and adjustment programs to collect data and to calculate the performance of each route. The Toronto Transit Commission “TTC” service standards include four monitoring and adjustment programs that are presented in Figure (2).
On a regular basis, the transit agency reviews riderships of each route, receives comments and suggestions for service changes from customers all year long, and receives inputs from drivers, route supervisors, schedule writers, and transit planners. In parallel, all services undergo a continuing examination of their financial performance and efficiency to ensure that any change will improve the financial situation and attract more trips.

PREMOTRANE
PREMOTRANE is a framework that simulates each step of change done by the transit agency. Changes are always determined by customers’ travel needs, according to the standards of service capacity. Periodic changes include two types as shown in Figure (3). Financial performance evaluations are periodically conducted parallel to both types of changes to offer resources needed for each change. The following is an explanation for each type of change.
Minor “Frequency and Schedule” Changes 

These changes are developed through the continuous monitoring and adjusting of transit services and the continuing adjustment of transit service levels supply and hours of operation to match changing customer needs and to improve operating efficiency and financial performance. Loading service standards are compared to the average number of customers that have been observed on each vehicle during the busiest sixty minute period. When passenger counts show that services are overcrowded, the service is made more frequent to increase the passenger carrying capacity. These changes are represented in Figure (4). 
Therefore, the rule extracted for PREMOTRANE that accounts for frequency and schedule changes is shown in Table (3).
More Substantial changes

Changes that are more substantial, either affecting the travel options of current customers, or requiring additional resources for operation, undergo a more rigorous review. These changes are recommended in response to a formal proposal made by the city councillor on behalf of a group of customers or residents. Staff members of the transit agency could also present change proposals. These proposals should be comfortable with basic route and system design guidelines. Such guidelines state that new transit services will be provided only if they:

· Serve people beyond 300 m of a service that is already in place.
· Maximise interconnection with rapid transit stations
· Result an overall benefit for customers.
PREMOTRANE uses these guidelines to identify any substantial changes that are expected to happen in the transit network as it will be described in later sections of this paper. 

Financial Evaluation and Performance

Service change will be made only if it improves the financial situation of the transit agency. This means that number of customers who would start using transit because the introduction of the new service must be greater than the number of customers who would stop using public transit because of the removal of this service. 
The Financial Performance of a new service is the number of customers per dollar spent or gained. It is calculated when the transit agency applies a fair increase, service reduction, or introduction of a new service. To recommend and improve the financial performance of the system, a balance number of 0.23 customers/$ is used. Ridership will always increase if services above that level are added. Services below that level are recommended for removal to pay for them. This allowed an optimum allocation to be determined between service cuts and fare increases to achieve the required subsidy reduction. Similarly, this number was used in PREMOTRANE to evaluate the financial performance for single routes. Changes that result from the financial evaluation are performed in the following sequence in PREMOTRANE.
1. Financial performance of every route and every time period are calculated
2. Routes with financial performance below the minimum of 0.23 customers/$ are annually examined in detail.

3. Service cuts because of reductions in funding or because of declines in ridership are handled with the simple rule: Services with the poorest financial performance would be the ones selected for removal. This ensures reductions will be made where the removal of service would have the least detrimental effect on customers’ travel needs and the transit agency financial situation.

The financial performance rule in PREMOTRANE is shown in Table (4). Another important rule states that: “no reduction is performed if the bus is not used elsewhere for service increase”.

PREMOTRANE Modelling Framework 

Previous sections distinguished the different changes used by the TTC and were also used by the PREMOTRANE framework to model changes. Expert system was the methodology used to model these rules and recommend a change. This section introduces the basics of an expert system. Then it describes the PREMOTRANE framework.

Expert Systems

Expert systems emerged as an active subfield of Artificial intelligence specially intended to model human expertise or knowledge (Rahmani et al, Menken, 2002). It is a computer program that represents and reasons with knowledge of some specialist subject with a view to solving problems or giving advice.  It employs a set of rules based upon human knowledge to solve problems that require human expertise. In expert systems, the analyst tries to mimic human expertise by applying inference methods to this knowledge (facts). Because of the rule abstraction of expert systems, it was found useful to design architecture for an agent decision making process that uses these great benefits.

The method of problem solving in expert systems is based on heuristics that solve a problem by trial and error guided by some reference to a predetermined goal. The following are the component elements that serve to define an expert system. 

1. The User Interface (UI)
2. The Knowledge Base (KB): The domain specific knowledge collected from the sample of domain experts during the design stage. 

3. The Control Strategy, or Inference Engine (IE): The processing of an expert system occurs and that the knowledge is put to work to produce solutions. It performs deductions and inferences based on rules and facts.
The research problem in PREMOTRANE exhibits similar conditions. Therefore, Expert Systems seem the most attractive approach using the expertise explained in the service guidelines and standards and the expertise gained from the TTC staff members.
Framework
The knowledge base in PREMOTRANE is the list of guidelines and service standards used by the transit agency, while the production rules in this system are “IF-THEN” rules that compare riderships to the standards available in the knowledge base. Two programming languages were used to build PREMOTRANE: C++ was used to build this system while VBA was used to program ArcObjects – the development platform for ArcGIS. The PREMOTRANE module that was applied in ArcGIS platform was named “PREMOTRANE-GIS”.

Frequency and Schedule Changes

The following steps summarize the procedure performed by PREMOTRANE to model frequency and schedule changes:
1. Ridership values are being extracted and compared to the service standards. 
2. In case of overcrowding, the model will propose frequency increases.

3. A list that contains lines to be removed are formed as follows:

· Ridership of each line is evaluated, along with operating costs.

· Financial performance of each line is calculated.

· A list containing low performance lines recommended for removal is formed. Such list is the supply available for any later change in this specific period.
The output of this module is a list of frequency and schedule changes each year. These lists could be used by transit planners as a decision support system or to be input for transit demand models. Demand models in turn could produce riderships for the next time step to be an input for PREMOTRANE. Such iterative process in PREMOTRANE results the changes in the transit network for different future time steps. Figure (5) presents the framework of this part of change procedures as modelled in PREMOTRANE.
More Substantial Changes

These changes are introduced when transit users, transit staff, or city councillors present a proposal. Despite the difficulty to predict that a proposal will be presented to suggest a change, the PREMOTRANE approach makes use of service guidelines, development of urban areas along the city, and changes in socioeconomic factors as stated by the first phase of this research. Such approach is applied in ArcGIS and summarized in the following steps: 
1. The whole transit network was represented in GIS format as shown in Figure (6).
2. GIS maps that contain land-use and socioeconomic data are represented in future time steps and superimposed on the transit network layer.
3. The model constructs a 300 meter buffer zone around each line. 

4. The model highlights all gaps in the city that are not covered by the buffer zone layer. These gaps represent areas not covered by bus service. Figure (7) shows a part of the TTC network and buffer zones generated by the ArcGIS module in PREMPOTRANE along with these gaps.
5. Using land-use and demographic factors’ layers, a decision is made if such area would need transit coverage.
6. The model assumes high probability that a proposal will be submitted to cover these areas in case the land-use is commercial, residential, or business area.
7. Land use for future time steps will also be used. 
8. Another module in PREMOTRANE uses line design method to spatially apply a change. This line is connected to the two closest rapid transit stations.
9. New rapid transit plans that the city would implement in future time steps could be an input for the model. Such stations will be imported as a layer for future time steps.
Historical trends of changes that happened in the network provided the model with several facts and knowledge, this include priorities of changes, number of changes per year, and relationships with the annual budget. Such facts are embedded in the inference engine of PREMOTRANE as rules that control the priority of execution. Figure (8) presents the framework flowchart of these changes in PREMOTRANE.

Overall Benefit
After approving a service change, it is needed to check if proposed changes result an overall benefit for customers. In reality, this is achieved by predicting riderships for the new transit line and checking its benefit. In contrast, PREMOTRANE will use a different approach based on the demand data exported from ILUTE.

PREMOTRANE assumes that all changes will be recommended. However, and by using ILUTE ridership data for the following year, the new line will be tested and PREMOTRANE recommends a change based on its performance (increase frequency or remove). In other words, PREMOTRANE checks all its network performance based on demand values obtained from ILUTE for several future time steps.

RESULTS

The first phase of this model, which aimed to build models that related the supply represented by bus frequencies to a group of explanatory variables that included socioeconomic, demographic, and route-specific variables, as described in this paper, showed promising results in modeling both the demand and supply of bus networks in different future time steps.
It gave the authors a clear picture of the causes of transit network evolution in a suburban city in North America. It was also used in the model building of the second phase. 
In the second phase, PREMOTRANE was used for the data of 2005. The output was a number of lists of changes in frequency and financially poor lines for 2006. Another GIS module was used to simulate a number of routing changes in development areas in ArcGIS. 

For frequency and financial performance trade-off changes represented by Module 1 of PREMOTRANE, testing of this output showed that 95.8% of lines recommended in this module were actual changes in 2006. However, for substantial changes, all changes that were recommended by PREMOTRANE were also suggested for change but were deferred to the following year due to construction service changes that were performed in 2006. Therefore, further testing is required for this model in following years.
CONCLUSIONS & FUTURE WORK

The objective of this paper was to demonstrate the development of a new modelling framework that addresses, for the first time, the transit network evolution. PREMOTRANE is a simulation framework that models actions pursued by public transit agencies to perform a change and captures the dynamics of changes in public transit networks. The function of this model was to predict the shape of the public transit network in the future. PREMOTRANE simulates each step performed by transit agencies to result such change that happens for each line in the network. 

PREMOTRANE was a result of a two phase research project. The first phase was an empirical study that gave understanding to the directions of changes. This phase resulted statistical and empirical models that stated the relationship between the supply, demand, and several other factors. Demand was the major factor tested and used by PREMOTRANE and transit agencies to decide a specific change. Land-use, employment and socioeconomic data are also used in PREMOTRANE as GIS maps that give indication of where a change will happen. PREMOTRANE could be affected by exogenous factors that enter the model such as budget changes or new and major project changes in the whole city.

The general methodology to develop this framework was first through analyzing the relationship between network changes and related variables. Then, the proposed framework was built using descriptions, instructions, and examples that are represented in the service standards to come out with a knowledge-base that represents the expertise of transit agencies. The framework is divided into several modules that run based on methods of expert systems, and using a Geographical Information Systems (GIS) interface to apply these modules and to show the results and updated networks. 
PREMOTRANE updates itself every year with the new changes that happen based on ridership counts (demand). It also results financial performances for each route, along with the locations that new changes would probably occur. 

This model would be a crucial and important component in the urban/transportation simulation frameworks such as ILUTE. On the other hand, this model would be a useful tool for transit planners to assist and support their decisions when they apply changes in their networks. It would also be a useful tool to test different strategies and project alternatives. Our model – PREMOTRANE – is a Geographical Information System (GIS) framework that simulates changes both spatially and temporally.

PREMOTRANE is considered to be the first model that tackled the problem of transit network evolution and is in its first development stages. Despite the promising results, more analysis and further testing are required to test the outputs of this model to come out with the best prediction power. Further research efforts are needed to cover all types of possible changes that happen in the transit agencies.
The next step for this research is to construct links with ILUTE in order to exchange information and data for every future time step (annually). These datasets include land-use and transit demands.

This model was custom built for the TTC network and using the TTC service standards. This model could be validated to work for other transit agencies. However, service standards for these agencies should be reviewed in order to account for any differences. At this stage, transferring this model to another city is not an easy task, but it could be done by changing the parameters in PREMOTRANE (financial performance, crowding, walking distance …etc).
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TABLES
Table 1: Multiple Regression Cross Sectional Model

	Bus Frequency = -2.623 + 0.001613 (Demand {ridership}) + 0.604 (Transfers) + 4.916 (Dummy variable representing the connection to TTC subway) + 0.001613 (Population Density) – 0.001 (No of Children) +  7.166 * 10-5 (Global No of Children)

(4)


Table 2: Simultaneous Equations Model

	Bus Frequency = -12.854 + 0.01394 (Demand {present time step}) + 0.1661 (Employment Force {present time step}) + 0.3 (No of Transfers {present time step}) + 2.093 (Dummy variable representing the connection to TTC subway {present time step})
(5)

	Demand  = -130.83 + 0.1003 (Density {present time step}) + 0.0147 (Change in Employment) + 0.127 (Change in Global Density)  – 0.05635 (Number of Children) + 48.214 (Bus Frequency {last period})

(6)


Table (3) PREMOTRANE: Bus Crowding Rule

	                IF:

 Ridership on each bus during the busiest hour period is greater than loading standard (peak or off peak)
           THEN:
this route is flagged and will have service increase in the next time step


Table (4) PREMOTRANE: Financial Performance Rule

	Financial Performance = Ridership / Operating cost

	                IF:

 Financial Performance < 0.23
           THEN:

1- List route as financially poor.

2- Order the list

3- Flag for reduction and use if needed for other service improvements
this route is flagged and could be 
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Figure 1: Bar Charts of the Difference between Observed and Predicted Values of Supply and Demand for Randomly Selected Corridors in the Network.
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Figure 2: TTC Monitoring and Adjustment Program 

Source: TTC Service Improvements (2005)
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Figure 3: Types of Periodic Changes in TTC
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Figure 4: Minor “Frequency” Changes
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Figure 5: Frequency and Schedule Changes Framework in PREMOTRANE
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Figure 6: Toronto Transit Network in 2005 (TTC Network)
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Figure 7: PREMPOTRANE output: TTC Bus Network, Land-Use map and Buffer zones
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Figure 8: Substantial Changes Framework in PREMOTRANE
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