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 I n t r o d u c t i o n 


Setting the Stage


In our model we wanted to model Portland traffic (the average
commute time) and how it will change over the next 50 years.  One
major question we had was whether or not metro’s 2040 plan will
work to reduce traffic, and how well the implementation of a
multi-million dollar light rail system would noticeably reduce
traffic over the next 40 years.  We also wanted to incorporate all
modes of transportation into our model and see how alternative
modes of transportation would reduce traffic.


Our model has many practical uses and there would be many
people who would be interested in our findings.  The primary
group of people that would be interested in our model would be the
metro traffic planers.  Also Portland commuters would be
interested to know how the commute time will increase over the
next 40 years.  One thing to take into consideration is the new
transportation technology over the next forty years.  By the year
2040 there might be a completely different primary source of
transportation.


Resources utilized


We spoke with several people from Metro headquarters; however,
our main expert was Nina Fisher from the traffic
forecasting/modeling department.  She looked at our model and
verified that it made sense.  She also gave us some feedback on
what she thought.


In creating our model we used several resources.  However the
main resource of information we used was     The Metro Regional
Data Resource    (it was a green book so we call it “the green book.”
We also used several web sites, such as the Metro Home page,
ODOT’s Home page, and Tri-Met’s Home page.


Background and Problem
Definition


Purpose of the Model


People


Reference Material
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Our primary resource for data was the “green book.”  Almost all
data we used in the construction of our model came from this
book.  However in order to determine the lane miles in the metro
area we got our numbers from the Oregon mileage report.  Almost
all of our starting numbers for the simulation was in fact real world
data.


Challenges


In creating this model we ran into several challenges.  First of all
we had trouble finding some of the data needed to create the
model.  However, most of the data we needed was in the green
book.  So, once we had the green book, construction of the model
went smoothly.  However, we ran into somewhat of a problem
when we were trying to create the multipliers that caused people to
change their mode of transportation.  It was hard to get the people
transferred from one mode of transportation to another without
counting them twice in the simulation.


Reference Behavior


When we began to create the model we expected that traffic over
the next 40 years would go up.  The question was, how much?
Would the implementation of light rail lines actually keep traffic
from getting out of hand?  We knew that traffic would either
maintain equilibrium or increase over the next 40 years.


Data Sources


What are your
expectations?
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T h e  C o r e  M o d e l 


Model Description


Before the model was built there were several variables that we
determined to be very important. Some of the more important
variables are; Percent that ride the bus, Percent that drive alone,
and the Percent that car pool. These are important because they
help to determine how many vehicles are on the road. In our
opinion the most important variables are the Average commuting
time, and the Metro density. These variables are the most
important because they modify what means of transportation
people use and how many people live in the Metro area,
respectively.


Our full model is too large to show in this document. It is shown
on the first page of the Appendix.


Key Variables


Model Flow Diagram
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Figure 1: This component of the model determines the number of commuters in
the Metro area


The first part of the model is shown in Figure 1. It determines how
many commuters are in the Metro area. The main component of
this part is Metro population. This stock has a starting value (initial
population) of 1,174,291. The Metro population is determined by
multiplying the population by the growth rate. As the Metro
population increases, the density increases, which lowers the
growth rate. With a limited amount of land (the urban growth
boundary), the density will increase at a slower rate over time. This
means that the growth rate will shrink, until the population levels
out (roughly the same of number of people are moving into
Portland as are moving out of Portland). The Metro population is
multiplied by the Percent Commuters to determine how many
commuters are in Portland.


Core Model Logic and
Equations
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Figure 2: This part of the model controls how many people drive
alone. It is used to determine the average commuting time.


The second part of the model is shown in Figure 2. There are four
components that control what means of transportation commuters
use. They are almost identical (there are small differences in Initial
percent, and how the average commuting time affects the percent),
so for simplicity I will only describe one of these components. The
number of commuters is multiplied by the Percent that drive alone
to determine the number of drivers. The number of drivers is used
to determine the number of cars. As the number of drivers
increase, the average commuting time increases. (The average
commuting time component will be explained later). This will
decrease the percent that drive alone, which decreases the number
of single drivers. The displaced drivers switch to other means of
transportation (bus, light rail, car-pooling, walking, bike riding,
etc.). So as the increase in average commuting time decreases the
percent that drive alone, it increases the percent that ride the bus,
car pool, and take light rail.
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Figure 3: This component determines the average car commuting
time.


Figure 3 shows the average commuting time component. It is used
to determine by how much traffic is increasing. The number of cars
and busses (see figure 2 for an explanation) is divided by the
number of lane miles in the Metro area, to determine the number of
vehicles per lane mile. The ratio of current vehicles per lane mile
to initial vehicles per lane mile determines how much traffic is
increasing. This number is then multiplied by the initial car
commute to determine the average commuting time. For example,
if the current traffic is 20 percent higher than the initial (1990)
traffic, the average car commute will increase by 20 percent. This
can be used to modify the percent that ride the bus, drive alone, car
pool, and ride light rail.
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There are several feedback loops in our model. In this section I
will only identify and analyze the two most important feedback
loops. The remaining feedback loops will be shown in the
appendix.


Figure 4: This is the first main feedback loop.


This is the first feedback in our model. It is a negative (balancing)
feedback loop that attempts to level out the population. When the
Metro population increases, the Current Density increases, which
increases the Current versus Initial Density. An increase in the
Current versus Initial density causes the Metro Growth Rate to go
down, which results in a lower growth rate for the Metro
population. At the end of 2040, the population has almost leveled
off, with the growth rate being almost zero.


Identification and
Analysis of Feedback


Loops
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Figure 5: This is the second main feedback loop in our model.


This feedback loop is a balancing (negative) feedback loop that
tries to balance the number of vehicles per lane mile, by modifying
the number of commuters who drive alone. (There are two similar
feedback loops that try to balance the number of Car Poolers and
Bus Riders.) As the number of single car drivers increase, the
number of cars on the road increases. This increases the traffic,
which increases the average car commute. If the average car
commute gets to be too long, fewer people will drive their cars to
work, they will find other means of transportation (bus, light rail,
car-pooling). This decreases the percent that drive alone, which
decreases the number of drivers.


Additional Considerations


There were several simplifying assumptions we made. The primary
assumptions are that no new roads will be built (or current roads
expanded) and that no new light rail lines will be built. This
simplification was made because it would be very hard to predict
the number of new roads and new light rail lines constructed.
Another assumption we made is that people will stop driving their
cars and switch to other transportation methods if the traffic gets
bad enough.  The final large simplification we made was the
number and shape of the effect multiplier graphical components in
the model. These graphs were just guesses based on fact. Since


Major Assumptions
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there is no graph that tells how traffic affects the number of people
who ride the bus, drive alone, car pool, or take light rail, we had to
make a logical graph based on the data we had. The effect of
density on metro population graph is also an assumption based on
data. No one knows exactly what would happen if Metro density
increases, so we had to guess based on the data we had.


Most of the major values in our model were found in the      Metro
Resource Book    , also known as the      Metro Green Book    . The initial
value for all stocks and growth rates was found in the      Metro Green
Book    . Most of the values of the “effect” graphical components
were educated guesses based on Metro projections.


For the time specifications of our model, we chose to run it
between 1990 (the year all our data was obtained from) and 2040,
because we wanted to see what traffic would be like over the 50
simulated years. We used a time unit of years, because years
seemed to make the most sense. A DT of .1 was used to calculate
more accurately. Runge Kutta 4 was used as a calculation method,
because it is the most accurate.


Core Model Results


Figure 6: This is one of the graphs for our model. It shows how the
average car commuting time increases over 50 years.


Parameter Values


Choice of Time


Graph for the Core Model
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Figure 7: This is the second graph for our model. It shows how the
Metro Population increases, and which means of transportation


most commuters are using


Figure 6 shows the first graph for our model. It shows how the
average car commuting time increases over time. In 1990 the
average car commuting time is about 20 minutes. It steadily
increases over time until about 2020, when it starts to level off at
around 35 minutes. By 2040, the average car commuting time is
about 40 minutes. The reason the graph starts to level off is that
fewer and fewer people are moving to the Metro area.


The second graph for our model (Figure 7) shows how the
Metro population, and how the different methods of transportation
increase over time. You can see that the curves of all the different
lines are very similar, but the numbers are different. This is
because these components all depend on the Metro population, so
as the Metro population starts to level off, the other components
start to level off. The Metro population slowly increases over time
at a constant rate, until about 2020, when the population starts to
level off. This is because the Metro area gets too dense, and people
do not want to move here. The different means of transportation
(single drivers, bus riders, car-poolers, and light rail riders) are
increasing at a constant rate until about 2020, when they all start to
level off.


Interpretation of the
Graph
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Tabular Output for the Core Model


Figure 8: This shows the Table for our model


The table shown in Figure 8 shows the values for the different
stocks. They increase at a constant rate until about 2020, when
they start to level off. This helps support our conclusion that
average commuting time will almost double in the next 50 years.
You can see that over these 25 years shown in the table, the
number of single drivers, car-poolers, bus riders, and light rail
riders increase by almost 50 percent. The Metro population
increases by 700,000 over the same 25-year time span (from 2000
to 2025).


Interpretation of the Table
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V e r i f i c a t i o n  a n d  V a l i d a t i o n 


Preliminary Testing


For our initial testing we used the 1990 data and the 1997 data
from the green book.  We started the simulation in 1990 and ran it
to 1997 we then checked our numbers on the table to make sure
that all the numbers added matched.  We also checked to make
sure that we had not entered any incorrect parameters.   As we
began to add more sections, we tested them individually.   For
example, when we were creating the different modes of
transportation, we had to find a way to get commuters to change
modes of transportation without counting them twice in the
simulation.  It took us several tries and every time we had to add
up the commuters to make sure that they were all there.


We guessed that traffic would grow steadily until the population in
the metro area reached a max.  Then the traffic would slowly level
off.  After creating the model we found this to be somewhat true.
We also talked with Nina Fisher from the traffic forecasting and
modeling department of metro.  She compared our model with the
model created by metro and found that our model matched the
curve of metro’s model.  However, she said that metro’s projected
numbers were higher because they included other things in their
model, such as metro’s transportation budget.  But overall she said
that our model was an accurate projection of metro’s traffic.


Overall our model makes sense.  The structure of the model
accurately represents the real world situation.  There are however
several things which we did not take into account.  One thing that
might alter the average commute time would be the change in
transportation technology.  Over the next fifty years the mode of
transportation might be completely different.  Also something we
did not take into consideration is the fact that there will be
commuters coming into metro from other counties.


Verification


Validation


“Error” Analysis
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Sensitivity Testing – “Exercising” the Model


We tested many different parameters while doing our sensitivity
tests.  After we created each section of our model, we tested
different parameters to see how changing the actual data changed
the outcome of our model.  One sensitivity test we ran had to do
with the number of commuters taking the bus.  By changing the
percentage of people who rode the bus we were able to tell if
increasing the bus lines would visibly decrease the traffic in
Portland metro area.


Figure 9: This sensitivity graph shows how the average commute
time would decrease if more people rode the bus


Testing each Parameter
Separately
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C o n c l u s i o n s  a n d  F u t u r e  P l a n s 


After completing this model we discovered several things.  The
most significant thing we discovered is how much traffic will
increase.  Over the next forty years traffic in Portland will almost
double.  The average commute time within the metro area will
increase from about 20 minutes to almost forty.


What does this mean for the commuter?  It means that as the
average commute time increases, people are going to have to plan
ahead.  It also means that people are going to have to use other
modes of transportation.  Finally it means that metro is going to
find some better ways to reduce traffic.


When we began construction of our model, we wanted to know
how bad traffic well get in Portland over the next 40 years.  And
what we found is that traffic will double from 1990 to the year
2040.  Was this what we expected?  Yes, and no.  We expected
traffic to increase over the next 40 years; we just were not sure
how bad traffic would get.


When we thought of ways to change our model in order to test
other ideas, we thought of several things.  One thing we could do
without much work would be to determine the amount of pollution
given off from cars in the metro area.  We could figure the amount
of dangerous pollutants such as NO2 and NO3 produced by each car
and bus.  Based on this we could determine how much buses
actually reduce pollution.


In conclusion, our model is a very practical model with many
possibilities.  By changing one section our model could have many
applications.  Transportation affects a persons every day life, and
knowing what to expect in the years to come can help make life
less complicated.
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             This is the total number of people who ride light rail. This number was found at the Theano Institutes web site.
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             This graph affects the percent of commuters that ride light rail. As the average car commuting time goes up, the percent that ride light rail go up. As the average car commuting time goes down, the percent that ride light rail goes down.
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             This is the change in the Metro population. It is a biflow, which means that the population can go up or down. The change in Metro population is determined by multiplying the Metro population by the Metro growth rate.
             Metro_Population*Metro_Growth_Rate {People per year}
             
                 
                     
                     
                
            
        
         
             This is the initial (1990) rate of growth for the Metro area taken from the Metro Regional Data Book. It is used to determine the current growth rate for the Metro area.
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             This is the total percent of the population that commutes to work. This number is multiplied by the Metro population to determine how many commuters are in Portland. This number was found in the Metro Green Book.
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             This is the total number of people who ride the bus in Portland. The number was found by multiplying the number of commuters by the percent that rides the bus.
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             Change_in_Bus_Riders
             
        
         
             This is the change in the number of people who ride the bus. It is determined by the number of people who commute and the percent of people that ride the bus.  The reason we subtracted Bus riders in this equation is because they would have been calculated twice.
             (Percent_Bus_Riders*Number_of_Commuters)-Bus_Riders {People per Year}
             
                 
                     
                     
                
            
        
         
             This converter determines what percent of commuters ride the bus. It multiplies the Initial Percent Bus Riders by the Bus multiplier.
             Effect_of_Commuting_time_on_Percent_that_ride_the_bus*Init_Percent_Bus_Riders {1/Year}
             
        
         
             This is the total number of people who drive to work alone. This number was determined by multiplying the number of commuters by the percent that drive alone to work.
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             Change_in_Drivers
             
        
         
             This is the change in the number of commuters who drive alone to work. It is determined by multiplying the number of commuters by the percent that drive alone.  The reason we subtracted Drive alone in this equation is because they would have been calculated twice.
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             This is the current percent of commuters that drive alone. This number is determined by multiplying the Init percent by the Drivers Multiplier.
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             This is the number of people who car pool. This number was determined by multiplying the number of commuters by the percent of commuters that car pool.
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             This is the percentage of commuters that car pool to work. It is determined by multipying the INIT car poolers percnet by the car pooling multiplier.
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             This is the number of lane miles in the Metro area. We found this number in the Oregon Milage Report.
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             This converter determines what the current traffic density is. The value is basically vehicles per lane mile. We added the number of busses and cars and divided it by the number of lane miles to determine the traffic.
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             This graph alters the percent of the population that drives alone. As the average commuting time increases, this decreases the percent that drive alone. If the average commuting time decreases, this increases the percent that drive alone.
             Average_Car_Commuting_Time {No Units}
             
                 
                 0,5,10,15,20,25,30,35,40,45,50
                 1.3,1.135,1.0720000000000001,1.036,1,0.98799999999999999,0.97599999999999998,0.94899999999999995,0.91000000000000003,0.82899999999999996,0.69999999999999996
            
             
        
         
             This is the percent of commuters that car pooled in 1990. This number was found in the Metro Green Book.
             .125 {1/Year}
             
        
         
             This is the average car commuting time. It starts out at the 1990 level and increases based on how much the traffic increases.
             Init_Car_Commute_time*Current_Vs_Init_Traffic {Minutes}
             
        
         
             This is the average car commute in the year 1990. This number was found in the Metro Green Book.
             20.4 {Minutes}
             
        
         
             This is the car pooling graph. It affects the percent of commuters that car pool to work. As the average car commuting time increases, the car pooling graph increases, which increases the percent car poolers. If the average commuting time decreases, the graph decreases, which decreases the percent that car pool.
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