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1. INTRODUCTION  

 

 
GTAModel Version 4.2 is an agent-based microsimulation model of out-of-home activities and travel in 

the Greater Toronto-Hamilton Area. The newest version was recently developed at the University of 

Toronto and it is mainly based on a set of complex Monte Carlo simulations that generate a 100% 

synthesized population of the GTHA. It is in operational use by the cities of Toronto, Mississauga, 

Brampton and Vaughan, as well as the Regions of Durham and Peel. 

 

The model system's statistical characteristics, on the other hand, have never been thoroughly investigated. To 

investigate the run-to-run variability in output, the model system was run for 1000 replications with a given 

base scenario. The model's findings were saved in files, which were then utilized to conduct computations on 

the data and produce graphs. 

 

This work entails calculating and comparing a variety of statistics using the run results. To decide how to 

more efficiently and effectively evaluate the data, a vast database comprising model run results is used. This 

work requires using Python to calculate the mean, standard deviation, and coefficient of variation for a 

collective of variables. These variables are: 

 

• Number of out-of-home work activities generated by occupation sector, by employment status, by 

spatial categories. 

• Number of out-of-home school activities generated by student status, by spatial categories. 

• Number of out-of-home shopping activities generated by spatial categories. 

• Number of out-of-home other activities generated by spatial categories. 

• Trip length frequency distributions by travel time by mode by spatial categories. 

• Average auto ownership by spatial categories. 

• Driver’s license ownership by spatial categories. 

• Total number of trips by time-of-day by spatial categories. 

 

Using the outputs of the 1000 runs, bar graphs using Python or Excel were generated to detect and 

interpret any variability or anomalies in the data and determine the cause of those fluctuations. For the 

purpose of this report, only the results associated with the first 50 runs are examined and documented. 

 

The aim of this document is to outline the progress of the study and to present the results. This report is 

organized into four major categories: Data, Methods, Results, and Conclusions. The Data section presents 

a description of the simulation outputs from 1000 runs of the GTAModel as well as the files what were 

used in the code. The Methods section includes the descriptions of the coding script used to perform 

calculations on the data. It explains the rationale that was employed, as well as the reasons for why it was 

a successful approach. The Results section documents the results that were acquired from calculating the 

mean, standard deviation, and coefficient of variation, as well as the resulting graphs. 
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2. Data 
 
The data collected from the 1000 runs of the GTAModel was saved in folders containing zip files. The 

first folder contains data collected from 50 runs, while the subsequent folders contain data from 10 runs 

up to 1000 runs. Each folder contains zip files which have compressed copies of the data for a single run. 
Each zip file has directories that further split down the contents. These folders are: AssignedNetworks, Demand, 

LOS Matrices, Microsim Results, Screenlines, StationAccess, and Validation. 

 

For the purpose of this research, the files used are solely the ones contained in the Microsim Results 

folder. For each run, this folder has multiple csv files: facilitate_passenger, households, persons, 

trip_modes, trip_stations, and trips. This is where the model’s data are saved. The files utilized in this 

research for the variables being examined were households, people, trip modes, and trips. Each file 

involved in the study is listed and discussed in Table 2.1. 

 

Table 2.1: Microsim Results File Descriptions [4] 

File Information Stored & Descriptions 

households.csv • household_id 

o The unique identifier for the 

household 

• home_zone 

• weight 

o This is the same as the household 

expansion factor in TTS 

• persons 

o The number of people living 

within the household 

• dwelling_type 

• vehicles 

o The number of vehicles assigned 

to the household from the auto 

ownership model 

• income_class 

o The income class according to 

TTS2016 that the household 

belongs to 

o  

persons.csv • household_id 

o The unique identifier for the 

household 

• person_id 

o The unique identifier for the 

person within the household 

• age 

• gender 

o Male of Female 

• driver’s license 

o TRUE, or FALSE 
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• transit_pass 

o TRUE, or FALSE 

• employment_status [2] 

o F = Full-time 

o H = Work at home full-time 

o J = Work at home part-time 

o O = Not employed 

o P = Part-time 

o 9 = Unknown 

• occupation [2] 

o G = General office / clerical 

o M = Manufacturing / construction 

/ trades 

o P = Professionsal / management / 

technical 

o O = Not employed 

o 9 = Unknown 

• free_parking 

o TRUE, or FALSE 

• student_status 

o F = Full-time, P = Part-Time, O = 

Not a student 

• work_zone 

o If the zone is 0, then they have 

not been assigned a work zone 

• school_zone 

o If the zone is 0, then they have 

not been assigned a school zone 

• weight 

o The person's expansion factor to 

scale the agent to the global 

population 

 

trip_modes.csv • household_id 

o The unique identifier for the 

household 

• person_id 

o The unique identifier for the 

person within the household 

• trip_id 

o The unique identifier for the trip 

for the given person 

• mode 

o The name of the mode that was 

used 

• o_depart 

o The time that the trip started / 

departed the origin 

• d_arrive 
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o The time that the trip ended / 

arrived at the destination 

• weight 

o The number of times that this 

mode was selected for the given 

trip 

 

trips.csv • household_id 

o The unique identifier for the 

household 

• person_id 

o The unique identifier for the 

person within the household 

• trip_id 

o The unique identifier for the trip 

for the given person 

• o_act 

o The activity at the origin of the 

trip 

• o_zone 

o The zone number of the trip's 

origin 

• d_act 

o The activity at the destination of 

the trip 

• d_zone 

o The zone number of the trip's 

destination 

• weight 

o The factor to apply to scale this 

trip to scale the trip for the global 

population 

o Same as the person's weight 

 

 

Because each variable is categorized by spatial category, understanding which section of the GTHA each 

spatial category relates to is useful. Each spatial category represents a planning district or a region. This 

relationship is listed below, and the layout of Toronto's planning districts is represented in Figure 1. 

 

• Spatial category 1 → PD1 

• Spatial category 2 → PD2, PD3, PD4, PD6 

• Spatial category 3 → PD7, PD8, PD9 

• Spatial category 4 → PD13, PD14, PD15, PD16 

• Spatial category 5 → PD5, PD10, PD11, PD12 

• Spatial category 6 → Durham 

• Spatial category 7 → York 
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• Spatial category 8 → Peel 

• Spatial category 9 → Halton 

• Spatial category 10 → Hamilton 

 

 

 
Figure 1: City of Toronto Broken Up Into Planning Districts 
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3. Methods 

 

This section describes the logic that was utilized to program each variable as well as the strategy. 

 

3.1.    General Strategy  

 

In general, two functions were used to process each variable. The first function is responsible for data 

extraction and organization. Data are obtained from the relevant files and stored in a way that allows 

computations and graph generation to be performed conveniently. The second function is the one that 

performs those calculations.  

 

There are a few functions that are employed consistently in every variable analyzed. The Conversions 

function, for example, is used to convert zones into planning districts and then into spatial categories. It 

returns a tuple with two dictionaries as elements. The first dictionary is the zone to planning district 

conversion where the zones are the keys, and the planning districts are the values. The second dictionary 

is the conversion of planning districts to spatial groupings. The keys are the planning districts, and the 

values are the spatial categories that correspond to them. 

 

Get Archive is the next function that is used to obtain the files containing model run outputs. This 

function accepts two parameters: the location to the needed zip file and the name of the desired csv file. 

This function locates and returns the required csv file from the zip file. If the file cannot be located, an 

exception is thrown by the function. 

 

These two functions are used within other scripts in order to gather data and sort it by spatial categories. 

 

3.2.     Out-of-Home Work Activities  

 

This variable computes the amount of work trips that occurred in each spatial category, sorted by 

employment status as well as occupation sector.  

 

In the first function, data is extracted from the trips file and a list of household IDs, person IDs, activities, 

and spatial categories are made. The persons file is read and two dictionaries were created. The first 

dictionary is a nested dictionary where the keys are the household IDs, and the values are a nested 

dictionary. The keys are the person IDs and the values are the employment statuses. The keys of the 

second dictionary are the household IDs and the values are nested dictionaries where the keys are the 

person IDs and the values are the occupation sectors. 

 

A for loop is utilized to go through the list of household IDs. If the corresponding activity is 

“PrimaryWork”, the household ID, person ID, and spatial category get added to a dictionary. This 

dictionary contains information only for work trips. Using the three dictionaries, a final dictionary was 

created to store the output.  

 

The second function utilizes information collected from 50 runs to calculate the means, standard 

deviations, and coefficients of variation, storing it in a format like that from the first function. 
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3.3.    Out-of-Home School Activities 

 

The purpose of this variable is to calculate the amount of school trips that occur, organized by spatial 

category and student status. 

 

Data is first extracted from the trips file. 4 lists are made using data from each row in the file: activities, 

household IDs, person IDs, as well as spatial categories. Using the persons file, a dictionary is created 

where the keys are the household IDs, and the value dictionary has people IDs as keys and their student 

status as values. 

 

Another dictionary is created for all trips which were made to school. The keys are the household IDs, 

and the values are a dictionary where the keys are the person IDs and the values are the spatial categories. 

Using these two dictionaries, a final dictionary was created which counts the total amount of school trips 

that occurred in each spatial category for each student status. 

 

The second function utilizes information collected from 50 runs to calculate the means, standard 

deviations, and coefficients of variation, storing it in a format similar to that from the first function. 

 

3.4.    Out-of-Home Shopping Activities & Out-of-Home Other Activities 

 

The purpose of these variables is to identify and compare the amounts of shopping activities and other 

activities that occur across spatial categories. This has been accomplished through the usage of a function 

which takes in two parameters: the folder number as well as the file number, which are used to extract 

data from a single file. The trips.csv file is read, and all the destination spatial categories are stored in a 

list. Another list contains the activities that relate to those spatial categories. A dictionary is then created 

where the keys are the spatial categories and the values are a list of activities done in that spatial category. 

Finally, a dictionary is created with the keys being the spatial categories and the values being the number 

of “Market” activities that occurred in that spatial category. 

 

For each spatial category, another function is utilized to compute the means, standard deviations, and 

coefficients of variation. The first function is executed for each of the 50 runs, and the results are saved in 

a list. To compute the mean for each spatial category, add the data and divide the sum by the total number 

of runs. Similarly, the standard deviation was determined using the standard deviation equation. Finally, 

by dividing the standard deviations by the means, the coefficient of variation was obtained. All of the 

outcomes were saved in dictionaries. 

 

The statistical measures for the out-of-home other activities variable were computed in a similar manner, 

hence not discussed any further. 
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3.5.    Trip Length Frequency Distributions 

 

This variable calculates the trip lengths using each mode of transportation in each spatial category. 

 

While looping through the file, the trip mode from each row was added to a list. The durations were 

computed by subtracting the departure time from the arrival time for each row in the dataset and adding 

them to another list. Finally, the weights for each row were added to a third list. This was utilized to 

readily access the corresponding length, trip mode, and weight as the indexes in the lists line up perfectly. 

 

Two dictionaries were prepared. The first dictionary has spatial categories as keys while the value 

dictionary has trip modes as keys and total durations as values. The second dictionary is the same as the 

first, except that the nested value is the number of trips made with that specific mode in a spatial category. 

Dividing the first dictionary's values by the second dictionary's values gives the mean durations for one 

run.  

 

To obtain the results for 50 runs, the second function called the first function. It calculated the new mean 

over the 50 runs using the mean durations for each of the 50 runs, which may be referred to as the "mean 

of the means." The standard deviation and coefficient of variation were computed using the same 

procedure.  

 

3.6.    Auto Ownership 

 

The goal of this variable is to determine how many households in each spatial group own a given number 

of cars (0, 1, 2, 3, or 4). 

 

A list of automobile quantities and a list of spatial categories was created in the first function. A for loop 

was used to iterate over each spatial category and a dictionary was created to hold the results. The keys 

are the spatial categories, and the value is a nested dictionary with keys representing the number of cars in 

a household and values representing the total number of households with that number of cars. 

 

The second function collects data from 50 iterations of function 1 and stores it in a list. This list is then 

used to compute the mean, standard deviation, and coefficient of variation over all 50 runs. 

 

3.7.    Driver’s License Ownership 

 

This variable includes looking at adults over the age of 16 and computing the fraction of people in each 

spatial group who have a driver's license. 

 

If a person is over the age of 16, they are added to a dictionary where the keys are the spatial categories and 

the values are the total number of people over 16 in that spatial category. A second dictionary was made 

with the keys being the spatial categories and the values are the number of people over 16 who have a 

license in that spatial category. The fraction of people who have a license in each spatial category was 

calculated by dividing the values of the second dictionary by the values of the first. 
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The second function collects and saves data from the first 50 repetitions of function 1 in a list. Using this 

list, the mean, standard deviation, and coefficient of variation for all 50 runs are computed. 

 

3.8.    Total Number of Trips 

 

This variable counts the number of trips that occurred in a given day for each hour in each spatial 

category. 

 

A list of trip start times, weights, and spatial categories was created. A for loop was implemented to go 

through the list of spatial categories. Two dictionaries were made: the first one which has spatial 

categories as keys and a list of start times as values. The keys in the second dictionary are spatial 

categories, and the values are a list of weights. An array of 24 elements, symbolizing 24 hours, was 

created. Each array member represents one hour from 12 a.m. to 12 a.m. the next day. Using the trip 

weights, the number of trips were added to the appropriate position in the array based on the trip start 

timings. This process was repeated for each spatial category and the results were saved as a dictionary.  

 

3.9.  Graphing 

 
Depending on the number of factors involved in the graphs, some variables were graphed using different 

software than others. Graphs with two parameters were created in Excel, while graphs with three or more 

parameters were created in Python, specifically plotly. 

 

Means, standard deviations, and coefficients of variation were kept in distinct data frames to construct 3+ 

parameter graphs. They were then transformed to csv files in the format shown in Figure 2.a. The file was 

then updated to make it easy for plotly to operate. Figure 2.b depicts this. 

 

 
Figure 2.a: csv file example made by data frame 
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                                              Figure 2.b: csv file used for plotly graphs 
 
The file is read and stored in another data frame. From there, a graph is generated using plotly. 
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4. Results 

 
The graphs in this section show the means, standard deviations, and coefficients of variation for each 

variable. Variables with one parameter have only one version of each graph, but variables with two 

parameters have two versions of each graph. The means represent the averages of the 50 runs that were 

processed. The standard deviation is the average amount of variability in the data collection and indicates 

how much each data point deviates from the mean on average. A high standard deviation in a normal 

distribution suggests that values are generally distant from the mean, whereas a low standard deviation 

shows that values are grouped close to the mean. [5]. The standard deviation was calculated using the 

following equation: 

                                                                SD = √
∑ |x− m|𝟐

𝑁
   [6] 

where x is a certain value from the data set,  is the mean, and N is the amount of data points. 

Finally, the coefficient of variation is a statistical measure of the dispersion of data points in a data series 

around the mean. The coefficient of variation is the ratio of the standard deviation to the mean, and it can 

be computed using the following formula: 

 

                                                       CV = 
𝑠

𝑚
     [1] 

 

where 𝑠 is the standard deviation and 𝑚 is the mean. 

 

4.1.    Out-of-Home Work Activities  

Because this was the only variable that was structured using three parameters, the graphs have been 

generated for each employment status and occupation sector combination. This section will only cover a 

handful of the graphs. The remainder may be accessed in the Appendix and evaluated using the same 

techniques explained below. 

Figures 3.a and 3.b show the work activity means for a full time and part time employment status, and a 

general office / clerical occupation sector. Even though there are a variety of employment statuses (full-

time, work at home full-time, work at home part-time, not employed, unknown), the results only include 

full time workers as well as part time. This is because trips to the workplace only occur for those two 

employment statuses. As expected, people who work full time make more trips to work than those 

working part time. The majority of full-time work trips occur in planning district 1 (spatial category 1), 

while the lowest are in Durham (spatial category 6). For part time workers, the majority of trips happen in 

Peel (spatial category 8) while the least occur in planning districts 7, 8, and 9 (spatial category 3). 

 



  1000 Run Experiment 

 

 

13 

 

 

Figure 3.a: Graph for Mean Work Activities Per Spatial Category (Full-Time Status and General 

Office Occupation Sector) 

 

 

Figure 3.b: Graph for Mean Work Activities Per Spatial Category (Part-Time Status and General 

Office Occupation Sector) 
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Next, Figure 4.a and Figure 4.b show the work activity standard deviations for a full time and part time 

employment status, and a general office / clerical occupation sector. The standard deviations for a full-

time employment status are in the hundreds while the values for part time workers are all below 70. This 

is plausible because the mean values for a full-time status were larger than for part time, indicating that 

the standard deviations would follow the same pattern. 

 

 

Figure 4.a: Graph for Work Activities Standard Deviations Per Spatial Category (Full-Time Status and 

General Office Occupation Sector) 

 

 

Figure 4.b: Graph for Work Activities Standard Deviations Per Spatial Category (Part-Time Status and 

General Office Occupation Sector) 
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Figures 5.a and 5.b depict the coefficients of variation for a full time and part time employment status, 

and a general office / clerical occupation sector. The values are extremely small, which is expected when 

comparing the standard deviations graphs to the means graphs. This outcome indicates that the model 

produces consistent results across the 50 runs. The coefficients of variation are smaller for full time trips 

than for part time trips, which could be because the mean values were smaller for part time trips, allowing 

room for more variability. 

 

 

Figure 5.a: Graph for Work Activities Coefficients of Variation Per Spatial Category (Full-Time Status 

and General Office Occupation Sector) 

 

 

Figure 5.b: Graph for Work Activities Coefficients of Variation Per Spatial Category (Part-Time Status 

and General Office Occupation Sector) 
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4.2.    Out-of-Home School Activities 

 

Figures 6.a and 6.b illustrate two variations of the graphs for school activities. According to the data, 

those with a full-time student status make more journeys to school than students with a part-time student 

status. Peel (spatial category 8) has the highest number of school trips for kids with a full-time student 

status, whereas planning districts 7, 8, and 9 have the lowest number of school trips (spatial category 3). 

The statistics displayed in this graph are coherent given that the Peel District School Board is one of 

Canada's largest school boards, with over 150,000 students [3]. 

 

The findings vary slightly for students with a part-time student status, since the biggest quantity of school 

excursions are in planning district 1 (spatial category 1) and the fewest in Halton (spatial category 9). 

 

 
Figure 6.a: Version 1 of Graph for Mean School Trips Per Spatial Category 

 

 
Figure 6.b: Version 2 of Graph for Mean School Trips Per Spatial Category 
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The standard deviations for school trips in each spatial group are illustrated in Figures 7.a and 7.b. It is 

apparent that the values are around 1000 times lower than the means, indicating that there is relatively 

minimal variability between the processed runs. The standard deviations for full-time students are higher 

than for part-time students which is owing to the difference in means between the two.  

 

 
Figure7.a: Version 1 of Graph for School Trips Standard Deviations Per Spatial Category 

 

 
Figure 7.b: Version 2 of Graph for School Trips Standard Deviations Per Spatial Category 
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The coefficients of variation for school trips are shown in Figures 8.a and 8.b for each spatial group. In 

general, the values are relatively small; nevertheless, full-time students' values are substantially 

smaller than part-time students' values. The highest standard deviation is about 0.03 and the smallest is 

around 0.001. 

 

 
Figure 8.a: Version 1 of Graph for School Trips Coefficients of Variation Per Spatial Category 

 

 

 
Figure 8.b: Version 2 of Graph for School Trips Coefficients of Variation Per Spatial Category 

 

 

 



  1000 Run Experiment 

 

 

19 

4.3.    Out-of-Home Shopping Activities 

 

According to the graph in Figure 9, the average number of shopping trips ranges from roughly 70000 to 

around 210000. The York region (spatial category 7) and the Durham region appear to have the largest 

number of shopping excursions (spatial category 6). The lowest number of retail trips occurs in planning 

district 1 (spatial category 1). 

 

 
Figure 9: Graph for Mean Shopping Activities Per Spatial Category  

 
Looking at Figure 10, it is evident that the standard deviation ranges approximately from 300 to 500, 

numbers that are significantly smaller than the mean values, indicating that the model produces quite 

consistent data throughout all 50 runs. The figure below indicates that the Durham region has the largest 

standard deviation (spatial category 6) while the Halton region has the lowest standard deviation (spatial 

category 9). 

 

 
Figure 10: Graph for Shopping Activities Standard Deviations Per Spatial Category 
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Figure 11 depicts the coefficients of variation for each spatial category, and as can be seen, the values are 

very insignificant. They range between 0.002 to 0.0055, showing that data point dispersion is incredibly 

small. The York region (spatial category 7) has the smallest coefficient of variance, whereas the Hamilton 

region has the biggest (spatial category 10).   

 

 
Figure 11: Graph for Shopping Activities Coefficients of Variation Per Spatial Category 

 
4.4.    Out-of-Home Other Activities 

 

The graph in Figure 12 shows that the average number of other visits ranges from approximately 100000 

to approximately 340000. These values are larger when compared to the means from the shopping 

activities graph, which makes sense given that “other” activities is a much broader group. Other activities 

tend to be the most prevalent in the York (spatial category 7) and Durham (spatial category 6) regions.  

 

 
Figure 12: Graph for Mean Other Activities Per Spatial Category 
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In Figure 13, it is clear that the standard deviation ranges between 360 and 710, which are significantly 

lower than the mean values, indicating that the model produces reasonably continuous data over all 50 

trials. These figures are marginally higher than those for shopping. Furthermore, in contrast to shopping 

activities, the Durham region (spatial category 6) has the highest standard deviation, while planning 

districts 13, 14, 15, and 16 have the lowest (spatial category 4). 

 

 
Figure 13: Graph for Other Activities Standard Deviations Per Spatial Category 

 

The coefficients of variation for each spatial category are shown in Figure 14, and the values are 

exceedingly low. They are in the range of 0.0016 to 0.0055, suggesting that the data point dispersion 

is minor. The York region has the lowest coefficient of variance (spatial category 7), whereas planning 

district 1 has the greatest (spatial category 1). 

 

 
Figure 14: Graph for Other Activities Coefficients of Variation Per Spatial Category 
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4.5.    Trip Length Frequency Distributions 

 

The mean trip durations for each spatial group, segregated by trip mode, are shown in Figures 15.a and 

15.b. It is evident that depending on the form of transportation, trip times may range from 5 minutes to 95 

minutes. Trips on the school bus take less than 10 minutes, as expected, because schools are frequently 

near to people's homes. Walking, on the other hand, averages over 30 minutes across all spatial groups, 

which is another expected outcome. DAT and WAT are the modes of transportation that take the most 

time. 

 
Figure 15.a: Version 1 of Graph for Mean Trip Durations Per Spatial Category 

 

 
Figure 15.b: Version 2 of Graph for Mean Trip Durations Per Spatial Category 
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Figures 16.a and 16.b show the standard deviations for trip durations organized by spatial category and 

trip modes. The values range from approximately 0.05 to 0.75, which are significantly lower than all the 

trip durations. This illustrates that the model produces results that are extremely comparable throughout 

the 50 runs. One noticeable aspect about this graph is that the standard deviation for PET in spatial 

category 10 is significantly higher than the rest. This could signal a run in which that data point deviates 

significantly from the mean and should be studied more in the future.  

 

 
Figure 16.a: Version 1 of Graph for Standard Deviations of Trip Durations Per Spatial Category 

 

 
Figure 16.b: Version 2 of Graph for Standard Deviations of Trip Durations Per Spatial Category 



  1000 Run Experiment 

 

 

24 

 

Figures 17.a and 17.b depict two alternative types of trip duration coefficients of variation graphs. The 

values vary from about 0.001 to 0.03. This demonstrates, in addition to the minimal standard deviations, 

that the model delivers consistent results throughout 50 runs. In this case, unlike in the graph for standard 

deviations, RideShare from spatial category one gives a substantially greater coefficient than the other 

data, which could indicate a potential flaw in the model. 

 

 
Figure 17.a: Version 1 of Graph for Coefficients of Variation of Trip Durations Per Spatial Category 

 

 
Figure 17.b: Version 2 of Graph for Coefficients of Variation of Trip Durations Per Spatial Category 
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4.6.    Auto Ownership 

 

Figures 18.a and 18.b show that the majority of persons in planning districts (spatial categories 1–5) have 

no cars or only one car for a single household. This might have been influenced by a number of factors, 

the first of which was the area's revenue. With the exception of spatial group 10, it is clear that the 

majority of households in higher spatial categories own two cars. Another point of concern is the 

proximity of the buildings. Having needs such as food stores, hospitals, pharmacies, and so on close to 

one's home would lessen the need to go by car. Traveling by automobile is undoubtedly the most 

convenient and practical way to get around in locations such as Durham, York, Peel, and Halton, as 

evidenced by the reported data. 

 

The number of persons over the age of 16 living in each household is the final element that would 

influence the number of cars in a household in different regions. In the future, it would be particularly 

fascinating to examine the average number of adult household residents in each spatial category to 

determine if there is any association with the number of vehicles. 

 

 
Figure 18.a: Version 1 of Graph for Mean Auto Ownerships Per Spatial Category 
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Figure 18.b: Version 2 of Graph for Mean Auto Ownerships Per Spatial Category 

 

The standard deviations of auto ownership for each spatial category are displayed in Figures 19.a and 19.b 

respectively. The graphs for means and standard deviations are nearly identical in shape, but the standard 

deviation values are about twice as small as the means. 

 

 
Figure 19.a: Version 1 of Graph for Standard Deviations of Auto Ownerships Per Spatial Category 
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Figure 19.b: Version 2 of Graph for Standard Deviations of Auto Ownerships Per Spatial Category 

 

Figures 20.a and 20.b support the standard deviation plots since each coefficient of variation is 

approximately 0.5. This is noteworthy because the values are higher than for other variables, and the 

coefficients of deviation are relatively steady when compared to other variables. 

 

 
Figure 20.a: Version 1 of Graph for Coefficients of Variation of Auto Ownerships Per Spatial 

Category 
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Figure 20.b: Version 2 of Graph for Coefficients of Variation of Auto Ownerships Per Spatial 

Category 

 

4.7.    Driver’s License Ownership 

 

According to the graph in Figure 21, the mean fraction of people over the age of 16 who have a driver's 

license fluctuates between 0.74 and 0.85. The majority of persons in the York (spatial category 7) and 

Halton (spatial category 9) regions have a driver's license. Planning districts 7, 8, and 9 have the fewest 

license holders (spatial category 3). 

 

 
Figure 21: Graph for Mean Fraction of People With Driver’s License Per Spatial Category 
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Looking at Figure 22, it is clear that the standard deviation ranges approximately from 300 to 500, 

numbers which are significantly smaller than the mean values, indicating that the model produces pretty 

accurate data across all 50 runs. The Durham region has the largest standard deviation (spatial category 6) 

while the Halton region has the lowest standard deviation (spatial category 9). 

 

 
Figure 22: Graph for Driver’s License Ownership Standard Deviations Per Spatial Category  

 

Figure 23 exhibits the coefficients of variation for each spatial category, and as shown, the values are 

quite small. They vary from about 0.0004 to 0.001, implying that the data point dispersion is extremely 

low. The York region (spatial category 7) has the lowest coefficient of variation, whereas planning district 

1 has the greatest (spatial category 1). 

 

 
Figure 23: Graph for Driver’s License Ownership Coefficients of Variation Per Spatial Category 
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4.8.    Total Number of Trips 

 

Figures 24.a and 24.b show the mean trip quantities for each spatial category for each hour from 12 a.m. 

to 12 a.m. the following day. Hour 1 is 12 a.m., and the time progresses by hour until hour 24 is 12 a.m. 

the next day. As expected, the least number of trips occur between 12 a.m. and 5 a.m., while the majority 

of travels occur between 7 a.m. and 9 a.m. and 4 p.m. to 6 p.m. This occurs as a result of individuals 

leaving for school/work in the morning and returning home in the evening, as illustrated by the model. 

 

 
Figure 24.a: Version 1 of Graph for Mean Trip Amounts Per Spatial Category 

 

 
Figure 24.b: Version 2 of Graph for Mean Trip Amounts Per Spatial Category 
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The standard deviations for trip quantities are shown in Figures 25.a and 25.b. All of the values are below 

7000, which is significantly less than the means, which are in the millions. This, once again, indicates that 

the model is consistent with the data for the first 50 runs. 

 

 
Figure 25.a: Version 1 of Graph for Trip Amounts Standard Deviations Per Spatial Category 

 

 
Figure 25.b: Version 2 of Graph for Trip Amounts Standard Deviations Per Spatial Category 
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The coefficients of variation for trip amounts in each spatial group are shown in Figures 26.a and 26.b. 

The numbers are relatively modest, but an interesting observation is that all of the coefficients are 

significantly higher in the morning than anywhere else. This is something that should be explored further 

into in the future. 

 

 
Figure 26.a: Version 1 of Graph for Trip Amounts Coefficients of Variation Per Spatial Category 

 

 
Figure 26.b: Version 2 of Graph for Trip Amounts Coefficients of Variation Per Spatial Category 
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5. Conclusions 

 
To summarize, the purpose of this study was to examine the data generated by GTAModel across a vast 

quantity of runs and detect any aberrant outcomes, as well as to discover the likely causes of them. The 

initial experiment was designed to collect data from 1000 runs, however owing to a data collecting error, 

only the first 50 runs produced correct results. As a result, it was easier to execute the analysis on 50 runs 

rather than 1000. 

 

Each variable was extracted using two functions, the first extracting the essential information and the 

second using the first to save the results of 50 runs. The mean, standard deviation, and coefficient of 

variation were calculated based on these findings. 

 

The findings shown in the graphs above show that GTAModel delivers data with a high degree of 

accuracy across several runs, as evidenced by the coefficients of variation values. 

 

Once the issue with data collection has been resolved, the most critical next step in this research would be 

to test the model for 1000 runs. 1000 runs is a considerably larger database to work with and would 

provide more accurate insight into the variability of the model’s results. Some more parameters to 

consider in the future are as follows: 

 

• Activity start time distributions by spatial category & purpose. 

• Activity duration distributions by spatial category. 

• PoRPoW & PoRPoS → linkage matrices (distance frequency distribution). 

• Mode split by time-of-day by purpose by spatial categories. 

• Average speed, volume on several main corridors by time-of-day. 

• Transit ridership (boarding by major lines). 

• Average tour length frequency by spatial categories. 
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6. Appendix 

A.1: Graph for Mean Work Activities Per Spatial Category (Status = F, Occupation = S) 

 

 

A.2: Graph for Mean Work Activities Per Spatial Category (Status = P, Occupation = S) 

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

1 2 3 4 5 6 7 8 9 10

M
ea

n

Spatial Category

Work Activities Means (Status = F, Occupation = S)

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

1 2 3 4 5 6 7 8 9 10

M
ea

n

Spatial Category

Work Activities Means (Status = P, Occupation = S) 



  1000 Run Experiment 

 

 

36 

 

 

A.3: Graph for Mean Work Activities Per Spatial Category (Status = F, Occupation = P) 

 

A.4: Graph for Mean Work Activities Per Spatial Category (Status = P, Occupation = P) 
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A.5: Graph for Mean Work Activities Per Spatial Category (Status = F, Occupation = M) 

 

A.6: Graph for Mean Work Activities Per Spatial Category (Status = P, Occupation = M) 
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A.7: Graph for Work Activities Standard Deviations Per Spatial Category (Status = F, Occupation = S) 

 

A.8: Graph for Work Activities Standard Deviations Per Spatial Category (Status = P, Occupation = S) 
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A.9: Graph for Work Activities Standard Deviations Per Spatial Category (Status = F, Occupation = P) 

A.10: Graph for Work Activities Standard Deviations Per Spatial Category (Status = P, Occupation = 

P) 
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A.11: Graph for Work Activities Standard Deviations Per Spatial Category (Status = F, Occupation = 

M) 

 

A.12: Graph for Work Activities Standard Deviations Per Spatial Category (Status = P, Occupation = 

M) 
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A.13: Graph for Work Activities Coefficients of Variation Per Spatial Category (Status = F, 

Occupation = S) 

 

 

A.14: Graph for Work Activities Coefficients of Variation Per Spatial Category (Status = P, 

Occupation = S) 
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A.15: Graph for Work Activities Coefficients of Variation Per Spatial Category (Status = F, 

Occupation = P) 

 

A.16: Graph for Work Activities Coefficients of Variation Per Spatial Category (Status = P, 

Occupation = P) 
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A.17: Graph for Work Activities Coefficients of Variation Per Spatial Category (Status = F, 

Occupation = M) 

 

A.18: Graph for Work Activities Coefficients of Variation Per Spatial Category (Status = P, 

Occupation = M) 
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