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Abstract

Reducing traffic emissions, especially carbon dioxide (CO>), is a major goal of sustainable urban
transportation planning since approximately 50% of the world’s population lives in urban areas.
In the summer of 2015, an interdisciplinary capstone project at our university integrated
sustainable methods to address environmental climate change in urban transportation planning
with big data visualization technology.

This paper describes a predictive model approach using traffic data to quantify CO> emission
reductions through alternate transportation methods, thus integrating environmental
sustainability principles with urban transportation data analysis. The traffic data is collected by
the California State Department of Transportation on the highways of the San Diego metro area.
The dynamic predictive model quantifies the CO, emissions of cars, trains, and buses. Data
visualization using Tableau software allows a comparison of different transportation modes and
the CO- emission reduction that can be obtained when alternate transportation methods are used
in an urban environment. In the future, this predictive modelling technique and big data
visualization dashboard can be used by urban planners and government transportation agencies
as a business intelligence tool for environmental sustainability.

Introduction

During the Industrial Revolution, the population started to shift from agricultural-based rural and
small towns to urban areas where factories were located. The rate of population movement to
urban areas increased significantly after World War I, which has put a heavy burden on urban
management of environmental resources. In the 1950s and 1960s, the United States focused on
the automobile as an important element of transportation. With the rapid economic growth,
automobile ownership increased along with the sub-urban growth and housing boom, and
gasoline was inexpensive.[*? President D. Eisenhower initiated the building of freeways across
the US. This scenario was a perfect storm for unlimited and uncontrolled growth of urban
automobile driving, thus creating the traffic congestion as we know it now.

It is estimated that an average American commuter spends 38 hours a year stuck in automobile
traffic congestion; the cost of the wasted time (economic productivity loss) and the fossil fuels
burned is $121 billion annually.r®! Figure 1 shows the cities with the worst urban traffic
congestion in America, where the big city average is approximately 52 hours a year.
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Figure 1. The Worst Traffic Cities in America !

Traffic congestion is not just an American problem, it is a global problem as well. According to
the United Nations World Urbanization Prospects report, urban population grew from 30% of the
world population to 54% in 2014 and is expected to be 66% by 2050.1!

Since the 1990’s, scientists have traced global warming and climate change to the Green House
Gases (GHG) emitted by the fossil fuels burned in the transportation sector. The US
transportation sector, which is the movement of people and goods by cars, trucks, trains, ships,
airplanes, and other vehicles, emitted 1,802 million metric tons of CO> according to the
Environmental Protection Agency; this is 27% of all GHG emissions in 2013.5!

Thus from an environmental perspective, pollution due to the burning of fossil fuels in
automobiles results in global warming and climate change, where CO is the major polluter.
From a cost perspective, loss of time in traffic congestion leads to loss of economic productivity.
These issues result in environmental degradation, poor economics, and inequity.

According to city planner Dereck VVollmer in his book “Pathways to Urban Sustainability,” city
planners are currently faced with two options: the status quo of simple up-keep of the current
planning policies or changing the models to re-shape the city’s infrastructure around sustainable



environmental practices, like alternate modes of transportation.[® VVollmer states that the U.S.
Center for Disease Control (CDC) has also begun to be involved in the process of city planning.
Dr. Christopher Portier, director of the CDC and the National Center of Environmental Health,
stated that the CDC needs to get involved because transit planning is now an issue of public
health due to increasing emissions. The trends in poor air quality and increased global
temperatures have created a dangerous scenario that, if not mitigated, will lead to decreased
health among people in urban areas. Portier states that a community can be planned to benefit
human health by including multiple modes of public transit.

Urban planners need new resources, processes, and tools to effectively address these
transportation issues and their effect on environmental climate change. We are living in a digital
world where billions of traffic sensors, smart phones, tablets, personal computers, vehicles, and
other urban sensors are generating enormous amounts of data at an extremely high rate. By
integrating environmental sustainability principles with data analytics and visualization methods,
urban transportation data can be investigated for patterns, predictive models can be created, and
different urban transportation scenarios can be analyzed to find environmentally sustainable
solutions to global traffic congestion that reduces CO> emissions and improves human health
globally.

Data Sources

Data for this project comes from the California Department of Transportation’s (DOT) annual
traffic census which is publically available through the department’s web site.[’) The California
DOT gathers traffic volumes through the use of electronic counting instruments shown in Figure
2. The device uses sensors running across the roadway to count the number of vehicles that pass
over that given section.

Figure 2 California Traffic Counting Device

The annual average daily traffic, or AADT, is the average count based on the number of days
data was collected. The counts only reflect weekday counts, and collections are not made on
major federal holidays.[”l Peak hour counts reflect the average maximum hourly counts of the



given routes. In the San Diego metro areas, these peak times are between the hours of 7:00am
and 9:00am and 5:00pm and 7:00pm.

Predictive Modeling

Before data visualization, the automobile traffic data needs to be converted to greenhouse gas
volumes and used in a predictive model. The Federal Highway Administration’s Travel Demand
Management (FHA TDM) evaluation model was created in 1993 to track traffic congestion with
the goal of facilitating air quality programs across the country. This model was based on trip
readings of traffic counts to understand where alleviation of traffic congestion is most needed. In
2005, a more accurate CO2 emissions model was created by the EPA based on the FHA TDM
model and is known as the COMMUTER model. This model uses historic data with information
regarding vehicle count, average speed, average trip distance, and transit mode choice.!®! The
result from the model is an estimate of the output of greenhouse gasses emitted over a period of
time. The structure of the COMMUTER model is shown in Figure 3 and explained in more detail
below.
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Figure 3: COMMUTER Model Emissions Analysis Process €



The COMMUTER model focuses on four main variables to compute CO, emission volume. The
first step is Trip Generation. This step converts the population, vehicle ownership, and land use
factors into an estimate of the number of trips made on average from certain locations. Next the
Trip Distribution step is used to determine where each of these trips will take place from. This
step involves identifying high traffic areas and the common start and stopping points of these
routes. The DOT states that a given urban zone may have well over 1,000 zones of high traffic
areas. Following this, the Mode Choice step is used to predict the mode of transportation used.
The most common modes are personal auto driver, personal auto passenger, and alternate transit.
Once these modes have been established, the model is split to compute different outputs for each
vehicle trip. The fourth step is the Traffic Assignment step. This step calculates the volume at
which trips are taken in a given area and average speed in which the vehicles are able to travel.
With these four steps as inputs to the COMMUTER model, the output is the amount (in tons) of
COs- in peak traffic periods.

In order to apply the COMMUTER predictive traffic model to San Diego area traffic, California
DOT’s highway sensor data is filtered to exclude all data except that from San Diego County.
The resulting model output was used to construct an interactive data dashboard to visualize the
CO- emission volumes from automobile traffic on the most congested San Diego routes.
Specifically, the San Diego urban/metropolitan freeway system consists of four major interstate
highways (I-5, 1-15, 1-8 and 1-805) and nine other local urban highways, for a total of more than
300 miles of highways.!! It is estimated that of the 1.4 million workers in San Diego County,
94% commute and the rest work at home. Of those who commute, 90% use a truck, car or van to
get to work — this resulted in 13.95 million metric tons of GHG emissions in 2012 alone.!*"]

Traffic Data Visualization and Results

Figure 7 shows the data dashboard created using Tableau software for visualizing peak traffic in
San Diego along the four major traffic routes and analyzing the CO2 emissions along these
routes. Alternate transportation modes such as bus and train travel can be added to the model to
determine the CO; reduction by removing automobile traffic off these congested traffic routes.

Item 1 is a numerical summary of the total emissions, in metric tons, of CO2 emitted by traffic on
the major automotive routes. Item 2 is horizontal bar chart showing the total CO2 emissions for
each individual route. Item 3 is a color-coded geographic map showing highway I-5 in blue, 1-15
in green, 1-8 in orange, and 1-805 in red. Additionally, the size of the colored circles along each
route corresponds to the traffic volume at that location at a given time. Larger circles correspond
to higher traffic density and thus higher CO, emissions.

Item 4 includes twelve alternate transit parameters that represent utilization of alternate transit
modes of bus travel, train travel, and telecommuting. When non-zero values are entered into the



twelve transit parameters, the model calculates CO> emission reduction along each route and
adds that value to Item 2 as well as adds the total CO2 emission reduction (in metric tons) to Item
1. Finally, Item 5 is a benchmark tracker of CO2 emission reduction due to utilizing alternate
transportation modes.

Transit Scenario Dashboard
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Figure 7: San Diego Area Interactive Alternative Transportation Dashboard

Using this transportation data dashboard, an urban traffic planner can change the percentage of
traffic that can be moved from one or more of the four interstates to any of the three proposed
alternative transportation methods in Item 4 and then see in real time the CO; reductions in each
scenario in Item 2. The moveable cursor under each alternative is the percentage of traffic moved
away from the highway to an alternative mode of transportation. As the planner moves the
cursor, the dashboard displays the percentage traffic reduction and also the percentage CO>
reduction. The model automatically calculates the total CO> reduction towards the example
target reduction of 14%, shown in item 5. Since California’s Senate Bill SB 375 set a 14% target
for CO> reductions by 2020, this target was used as an example in our model demonstrating
various modes of transportation that can be employed in the different highways to achieve it as
shown in Figure 7.

There are many other ideas to explore in future interdisciplinary capstone projects between MS
Sustainability Management and MS Data Analytics students. First, other alternate transportation



options such as electric vehicles, hybrid vehicles with more efficient fuel usage, carpool vans, or
incentivized car pool lanes could be introduced into the model to further analyze possible CO>
emission reduction. Second, this analysis was limited to the San Diego metro area, but could be
applied to other heavily congested urban areas. Finally, the data used in this project was publicly
available from the California DOT and was based on road sensors. From this data, it is not
possible to know if the vehicle was carrying multiple or single passengers, what kind of vehicle
it was, or the vehicle gas efficiency. If there was a mechanism to collect data from the individual
vehicle in real-time, more accurate predictive models could be created.

Conclusion

This capstone project demonstrates that predictive modelling techniques and data visualization
tools can be successfully integrated in interdisciplinary programs helping to resolve
environmental challenges like climate change. Environmental expertise from the MS
Sustainability Management program working with the predictive modelling capability and data
visualization techniques of MS Data Analytics students provided a practical engineering solution
to traffic congestion that could be adopted and effectively used by urban planners and
government transportation agencies in the near future.

Software applications platforms such as Tableau help analyze big data using predictive
modeling, resulting in sustainable intelligence for more effective urban planning. A predictive
model to reduce CO> emissions providing sustainable intelligence for San Diego area highways
traffic was demonstrated in this capstone project with different alternative modes of
transportation. The reduction of CO2 improves the environment with the reduction of fossil fuel
burning. Better economics is achieved not only because of less fuel consumption, but through
increased productivity when drivers spend less time in traffic jams/congestion. Equity is
achieved with less stress on drivers and better community health with better air to breathe, which
also helps in the reduction of medical costs. Integrating data visualization and predictive
modeling with these sustainability principles can assist urban transportation planners develop
better environmentally sustainable cities in the future.
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