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What is the best way to reduce traffic jams?

Abstract

We’ve all been there.  Driving down the interstate at a good clip, until suddenly, the traffic slows down.  You turn on the radio to see what’s happened and why you are stuck in what appears to be an interminable traffic jam.  Sometimes, they give a reason; there was an accident, great.  Other times, they state the obvious that the traffic is backed up and there is no good reason.  

The purpose of this project is to look at the latter and try to determine the best solution to reduce the number of traffic jams.  We all lose hours of our lives, business productivity, and some of our sanity dealing with these slow downs.  The true need for the change is the culmination of the aforementioned reasons as well as the persistence and frequency of the traffic jams.
Introduction


It is worth considering at the start, what are believed to be causes of traffic jams as well, what their effects are, and what some of the potential solutions may be.

According to the Federal Highway administration:

“Traffic congestion occurs when a volume of traffic or modal split generates demand for space greater than the available road capacity, this is point is commonly termed saturation. There are a number of specific circumstances which cause or aggravate congestion; most of them reduce the capacity of a road at a given point or over a certain length, or increase the number of vehicles required for a given volume of people or goods. About half of U.S. traffic congestion is recurring, and is attributed to sheer weight of traffic; most of the rest is attributed to traffic incidents, road works and weather events. Speed and flow can also affect network capacity though the relationship is complex.”


As was mentioned in the Abstract, there are some well known causes like accidents, bandwidth unavailability, or bad weather which are known to cause traffic jams, but what causes them when those conditions don’t exist?  The causes can range from hard braking to multi lane crossing to people who are lost and make a poor decision.

When engineering the infrastructure for a city, engineers can use fluid dynamics as a modeling tool, but the problem is that reality hardly intersects with the expectations of the model.  When water flows, there is no consideration by other water molecules to slow down and wait if a single molecule decides to shift slightly out of the expected pattern.  And even if they did, there should be some reasonable expectation of consistency within the response to the situation with water molecules, the same cannot be said for humans.  As a result of the mathematical models not being able to accurately predict what traffic patterns are likely to result from the proposed structure, proactive consideration is only mildly useful.  This is one of the contributing factors to the creation of traffic jams.  (In fairness, however, there are newer models which have been developed and are touted to be able to accurately make predictions.)


In conjunction with the planning of the roads, cost and time are always a large consideration.  A simple solution would be to create a road with one hundred lanes in each direction, but reasonably, it would be too expensive and take too long to create.  Since planners always work within constraints, they must make decisions not only based on what they predict (as previously discussed) but also within the constraint of budget.  It is my opinion that budgeting for the roads leads to compromises in the infrastructure and instead of getting a solution, we get a ‘good enough’ solution.  


The next problem is that people tend to try to find the best solution available to them to their knowledge.  So, when traffic jams exist, it must be assumed that either the people are masochists, or they do not have a better option to meet their objective goal within their knowledge.  This problem may be addressed by better routing communication if (better routing truly exists), or creating better routing.  

Along the lines of the previous paragraph, even if better routing exists, drivers may still not use because they do not have a good enough incentive to do so.  One thing that has been done to give drivers an incentive to use the other routes is to introduce tolls onto the roads.  While tolling is not considered as an option in this project, it would be a good consideration for a future project.  The reason tolling is described under the tragedy of commons theory, first published in Science in 1968 by Garrett Hardin, which:
“…describes a situation in which multiple individuals, acting independently, and solely and rationally consulting their own self-interest, will ultimately deplete a shared limited resource even when it is clear that it is not in anyone's long-term interest for this to happen”
So, by making traveling on the congested roads more costly, we introduce a reason for those individuals to consult their self-interest one more time.


The question is begged, why do we get stuck in the same traffic jam every day?  To clarify, this question isn’t why does the traffic jam exist, rather, why are we in the traffic jam?  We can reasonably predict that there was one last week, there was one yesterday, and therefore there will likely be one today.  Does that basic deductive reasoning escape us?  Perhaps.  Anthony Downs would contend that we do it out a need for predictability in our lives which drives us into the same traffic jam every day (for many of the same reasons that we have a ‘bad habit’).


Finally, it is certainly worth noting what the impacts of traffic jams are on oneself, the environment, and others.  The following are easily identified:

1. Lost time

2. Inability to plan

3. Wasted fuel

4. Increased pollution

5. Stress

6. Cascading

7. Emergency vehicles blocked

8. Wear and tear

All of these introduce a great cost to everyone who has to deal with traffic jams, which is everyone, whether it is directly or indirectly.  Surely there are some solutions to this...


Given the above, what can we do?

Methodology:


Alternatives:

1. Education

a. The first option considered is increasing the education of the drivers in what causes traffic jams.  

b. This falls under the theory that non-accident related traffic jams are caused by bad planning, a poor understanding of safe driving procedures, or a disregard for established rules.
c. This would be implemented by introducing new courses and questions into the driver’s education program (for new drivers) and requiring that existing drivers be informed and tested when renewing their license

2. Enforcement

a. This option would entail introducing new ‘bad driving’ actions which would allow police offers to pull a driver over and ticket them

b. This could also include introducing cameras to identify causes of traffic jams and potentially using the cameras as an enforcement device

c. This would include, but not be limited to:

i. Aggressive driving causing others to brake (and causing those behind them to slow down)

ii. Crossing multiple lanes of traffic at once

iii. Driving too slowly in the passing lane

iv. Staying in the passing lane while drivers are behind you

d. This would result in a significant amount of new citations being given to drivers (and hence revenue for the city)

3. Infrastructure Enhancements

a. This option would entail creating more roads

b. Modifying existing roads

c. Reviewing planning procedures to better accommodate the traffic at choke points

i. Creating a better system to identify causes of the traffic jams and 

d. Introducing new means of public transportation (i.e. train systems or subways)

4. Public Transportation

a. This option would entail increasing the amount of existing public transportation available
5. Incentives

a. This would reward ‘Good Driving’ behaviors of drivers

i. This could be monetary

ii. It could be done while working with insurance companies

iii. Could be done in terms of a state tax credit

b. It would have similar costs to those of enforcement in terms of identification and execution

c. Positive reinforcement would cost more, but would be less risky politically
Criteria definitions

	Group
	Control Criteria
	Sub Criteria
	Componenents
	Description

	Benefits
	Economic
	Businesses
	Faster Delivery Time
	The economic benefit derived by a business due to better service.

	 
	 
	 
	Lower Transit Costs
	The economic benefit dervied by a business due to lower transportation costs.

	 
	 
	Individual Person
	Car Repair (Decrease)
	The economic benefit dervied by a person due to less wear and tear.

	 
	 
	 
	Gas Savings
	The economic benefit derived by a person due to less car idle time.

	 
	 
	 
	Time Savings
	The economic benefit derived by a person by spending less idle time.

	 
	 
	Municipal
	Fewer claims
	The economic benefit derived from the municipality due to fewer claims entered as a result of fewer traffic jam related accidents.

	 
	 
	 
	Productivity
	The economic benefit derived by the municipality due to higher productivity due to less idle time.

	 
	 
	 
	Ticketing
	The economic benefit gained by the municipality due to higher tickets as a result of fewer traffic jams.

	 
	Political
	Internal
	Constituents
	The political benefits derived from constituents of the politician.

	 
	 
	 
	Deflection
	The political benefits derived from the deflecting current issues to the benefits gained by fewer traffic jams.

	 
	 
	 
	Media
	The political benefits derived from beneficial media coverage.

	 
	 
	 
	Voters
	The political benefits derived from voter recognition of fewer traffic jams.

	 
	 
	External
	Recgonition
	The political benefits derived from outside recognition

	 
	 
	 
	Reputation
	The political benefits dervied from a good reputation.

	 
	Social
	Personal
	Better attitudes
	The personal benefits derived from better attitudes as a result of fewer traffic jams.

	 
	 
	 
	Openess to travel
	An increase of traveling due to the fact that there are fewer traffic jams.

	 
	 
	 
	Reduced Stress
	The personal benefits derived from reduced stress.

	 
	 
	Interactive
	Couteous Behavior
	The social benefits derived from more curteous behavior.

	 
	 
	 
	Less Aggresive Driving
	The social benefits derived from less aggressive driving as a result of fewer traffic jams.

	 
	 
	Environmental
	Better Air
	The social benefits derived from better air quality.

	 
	 
	 
	Lower Impact
	The social benefits gained from having a lower impact on the environment.


	Group
	Control Criteria
	Sub Criteria
	Componenents
	Description

	Opportunities
	Economic
	Individual
	Maintenance Savings
	Savings as a result of less total driving.

	 
	 
	 
	Transportation Savings
	Savings as a result of more efficient driving.

	 
	 
	Municipal
	Revenue
	Revenue from more efficient traffic and ticketing.

	 
	 
	 
	Transportation Saving
	Revenue from less total driving by employees.

	 
	 
	Revenue
	State Revenue
	Revenue from more efficient traffic within the state.

	 
	Political
	Properties
	Local Recognition
	Being recognized by voters for positive changes.

	 
	 
	 
	Local Reliance
	Being relied upon by voters for positive changes.

	 
	 
	 
	More Constituents
	Gaining more contributors and peers as a result of positive change.

	 
	 
	 
	More Revenue
	Gaining more revenue would lead to better political fodder.

	 
	 
	 
	More Votes
	Gaining more votes from positive change.

	 
	 
	 
	National Recognition
	Gaining national recognition as a result of positive change.

	 
	 
	 
	National Reliance
	Gaining national reliance as a result of excellent changes.

	 
	Social
	Personal
	Better attitudes
	Better attitudes both on and off the road.

	 
	 
	 
	Decreased Stress Levels
	Less stress on and off the roads.

	 
	 
	 
	More Free Time
	More free time due to timely arrivals.

	 
	 
	Interpersonal
	Courtesy
	Better attitudes towards other drivers.

	 
	 
	 
	Less Agressive Driving
	Driving less aggressively as the need has decreased due to more efficient travel.

	 
	 
	 
	Less Friction
	Less stress inducing factors for drivers to contend with.

	 
	 
	Public
	Better Air Quality
	Better air quality as a result of more efficient travel.

	 
	 
	 
	More money available
	More money available due to higher revenue.

	 
	 
	 
	Quicker Commutes
	Quicker arrivals.


	Group
	Control Criteria
	Sub Criteria
	Componenents
	Description

	Costs
	Economic
	Individual
	Car Repair
	Costs of car repair as a result of delays for new developments.

	 
	 
	 
	Fees
	Costs of tickets/passes.

	 
	 
	 
	Taxes
	Costs of taxes to fund changes.

	 
	 
	Municipal
	Municipal Administration
	Costs to manage new changes.

	 
	 
	 
	Municipal Construction
	Costs of new construction.

	 
	 
	 
	Municipal Equipment
	Costs of new equipment.

	 
	 
	State
	State Administration
	Costs of state management.

	 
	 
	 
	State Construction
	Costs of state construction.

	 
	 
	 
	State Equipment
	Costs of state equipment.

	 
	Political
	Voters
	Voter Loyalty
	Loss of voter loyalty.

	 
	 
	 
	Voter Perception
	Negative voter perception.

	 
	 
	Constituents
	Constituent Loyalty
	Loss of constituent loyalty.

	 
	 
	 
	Constiuent Perception
	Negative constituent perception.

	 
	 
	National Party
	Party Loyalty
	Loss of party loyalty.

	 
	 
	 
	Party Perception
	Loss of party perception

	 
	Social
	Individual
	Individual Stress Levels (Long Term)
	Long term stress.

	 
	 
	 
	Individual Stress Levels (Short Term)
	Short term stress.

	 
	 
	 
	Individual Travel Time (Long Term)
	Long term travel time.

	 
	 
	 
	Individual Travel Time (Short Term)
	Short term travel time.

	 
	 
	Public
	Stress Levels (Long Term)
	Long term public stress.

	 
	 
	 
	Stress Levels (Short Term)
	Short term public stress.

	 
	 
	 
	Travel time (long term)
	Long term public travel time.

	 
	 
	 
	Travel Time (short term)
	Short term public travel time.

	Group
	Control Criteria
	Sub Criteria
	Componenents
	Description

	Risks
	Economic
	Properties
	Lack of Funding
	Not enough capital.

	 
	 
	 
	Underestimation of Cost
	Not enough capital allocated.

	 
	 
	 
	Underestimation of Time
	Not enough time allocated.

	 
	Political
	 
	 
	 

	 
	Social
	 
	 
	 


Assumptions:
1. Economic cost would be the defining criteria for all considerations.

2. Enforcement increases would be negatively viewed by the public

3. All options would have equal chance to be implemented
4. Public transportation solutions would have a significantly lower economic cost than infrastructure enhancements

5. Since the project was assumed to be driven by economic cost, the risks for social and political were not given subnets

a. Note that each of these also had under a 25% priority and the category as a whole was under 20% priority
Data
The following were used while making judgments:

1. Infrastructure:
a. Bridge Costs (From 2008 CA Division of engineers)

i. $272,194,994
b. Cost per mile of road (Pennsylvania Turnpike)
i. $1,970,000
c. Cost of a light rail system 
i. $2.6 billion +
2. Enforcement

a. Police officer

i. $35,200- $61,866

b. Cameras (based on costs to install cameras to deter crime) in the city ONLY

i. $14,000,000+

3. Incentives

a. Would have to be decided based on the options available
b. Assume costs mentioned in 2.a and 2.b as a minimum

4. Education
a. Current class costs are $99.95

i. This would extend required class time

b. Additional forms at DMV when renewing license

i. Nominal form cost

ii. Extra hourly wages

1. Earn ~$35000 a year

5. Public Transportation

a. Cost of a bus

i. $531,605

b. Bus driver

i. ~$19000 base


Analysis

Model Development:

This model was developed using control criteria based on Social, Political, and Economic factors.  Social factors would include personal, interactive, and overall public needs.  Political factors would include reasons which decision makers would need to consider when choosing the best option (which partially accounts for the heavy weighting given to the Economic Cost).  Economic factors are cost related factors, generally relating to money.
Pairwise comparisons and measurements:

	Group
	Local Weighting
	Control Criteria
	Local Weighting
	Sub Criteria
	Components
	Local Weighting

	Benefits
	0.23
	Economic
	0.192
	Businesses
	Faster Delivery Time
	0.512

	 
	 
	 
	 
	 
	Lower Transit Costs
	0.488

	 
	 
	 
	 
	Individual Person
	Car Repair (Decrease)
	0.327

	 
	 
	 
	 
	 
	Gas Savings
	0.297

	 
	 
	 
	 
	 
	Time Savings
	0.376

	 
	 
	 
	 
	Municipal
	Fewer claims
	0.333

	 
	 
	 
	 
	 
	Productivity
	0.376

	 
	 
	 
	 
	 
	Ticketing
	0.291

	 
	 
	Political
	0.174
	Internal
	Constituents
	0.160

	 
	 
	 
	 
	 
	Deflection
	0.092

	 
	 
	 
	 
	 
	Media
	0.420

	 
	 
	 
	 
	 
	Voters
	0.329

	 
	 
	 
	 
	External
	Recognition
	0.569

	 
	 
	 
	 
	 
	Reputation
	0.431

	 
	 
	Social
	0.634
	Personal
	Better attitudes
	0.383

	 
	 
	 
	 
	 
	Openness to travel
	0.215

	 
	 
	 
	 
	 
	Reduced Stress
	0.402

	 
	 
	 
	 
	Interactive
	Courteous Behavior
	0.558

	 
	 
	 
	 
	 
	Less Aggresive Driving
	0.442

	 
	 
	 
	 
	Environmental
	Better Air
	0.514

	 
	 
	 
	 
	 
	Lower Impact
	0.486


	Group
	Local Weighting
	Control Criteria
	Local Weighting
	Sub Criteria
	Components
	Local Weighting

	Opportunities
	0.217
	Economic
	0.140
	Individual
	Maintenance Savings
	0.409

	 
	 
	 
	 
	 
	Transportation Savings
	0.591

	 
	 
	 
	 
	Municipal
	Revenue
	0.289

	 
	 
	 
	 
	 
	Transportation Saving
	0.111

	 
	 
	 
	 
	Revenue
	State Revenue
	0.600

	 
	 
	Political
	0.333
	Properties
	Local Recognition
	0.049

	 
	 
	 
	 
	 
	Local Reliance
	0.039

	 
	 
	 
	 
	 
	More Constituents
	0.109

	 
	 
	 
	 
	 
	More Revenue
	0.130

	 
	 
	 
	 
	 
	More Votes
	0.179

	 
	 
	 
	 
	 
	National Recognition
	0.187

	 
	 
	 
	 
	 
	National Reliance
	0.308

	 
	 
	Social
	0.528
	Personal
	Better attitudes
	0.396

	 
	 
	 
	 
	 
	Decreased Stress Levels
	0.410

	 
	 
	 
	 
	 
	More Free Time
	0.194

	 
	 
	 
	 
	Interpersonal
	Courtesy
	0.349

	 
	 
	 
	 
	 
	Less Aggressive Driving
	0.421

	 
	 
	 
	 
	 
	Less Friction
	0.231

	 
	 
	 
	 
	Public
	Better Air Quality
	0.281

	 
	 
	 
	 
	 
	More money available
	0.207

	 
	 
	 
	 
	 
	Quicker Commutes
	0.512


	Group
	Local Weighting
	Control Criteria
	Local Weighting
	Sub Criteria
	Components
	Local Weighting

	Costs
	0.378
	Economic
	0.717
	Individual
	Car Repair
	0.159

	 
	 
	 
	 
	 
	Fees
	0.224

	 
	 
	 
	 
	 
	Taxes
	0.617

	 
	 
	 
	 
	Municipal
	Municipal Administration
	0.282

	 
	 
	 
	 
	 
	Municipal Construction
	0.437

	 
	 
	 
	 
	 
	Municipal Equipment
	0.282

	 
	 
	 
	 
	State
	State Administration
	0.271

	 
	 
	 
	 
	 
	State Construction
	0.472

	 
	 
	 
	 
	 
	State Equipment
	0.257

	 
	 
	Political
	0.088
	Voters
	Voter Loyalty
	0.659

	 
	 
	 
	 
	 
	Voter Perception
	0.341

	 
	 
	 
	 
	Constituents
	Constituent Loyalty
	0.359

	 
	 
	 
	 
	 
	Constituent Perception
	0.641

	 
	 
	 
	 
	National Party
	Party Loyalty
	0.639

	 
	 
	 
	 
	 
	Party Perception
	0.361

	 
	 
	Social
	0.195
	Individual
	Individual Stress Levels (Long Term)
	0.136

	 
	 
	 
	 
	 
	Individual Stress Levels (Short Term)
	0.456

	 
	 
	 
	 
	 
	Individual Travel Time (Long Term)
	0.165

	 
	 
	 
	 
	 
	Individual Travel Time (Short Term)
	0.243

	 
	 
	 
	 
	Public
	Stress Levels (Long Term)
	0.159

	 
	 
	 
	 
	 
	Stress Levels (Short Term)
	0.371

	 
	 
	 
	 
	 
	Travel time (long term)
	0.114

	 
	 
	 
	 
	 
	Travel Time (short term)
	0.356


	Group
	Local Weighting
	Control Criteria
	Local Weighting
	Sub Criteria
	Components
	Local Weighting

	Risks
	0.175
	Economic
	0.745
	Properties
	Lack of Funding
	0.359

	 
	 
	 
	 
	 
	Underestimation of Cost
	0.517

	 
	 
	 
	 
	 
	Underestimation of Time
	0.124

	 
	 
	Political
	0.099
	 
	 
	 

	 
	 
	Social
	0.156
	 
	 
	 


Alternative priorities by group:

Benefits


Opportunities
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Strategic Criteria
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Analysis
Benefit Sensitivity
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The benefit sensitivity shows us that the lower the priority which is given to costs, that Public Transportation crosses over and becomes the most beneficial solution. 
Opportunity Sensitivity
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The opportunity sensitivity with respect to cost, shows us that at lower priorities, incentives are the most cost effective, but at higher priorities, public transportation becomes the best option.

Costs Sensitivity
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The costs sensitivity shows us that as we prioritize costs less, public transportation becomes the better option. As we prioritize costs more, education becomes the best option.

Risks Sensitivity
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The risks sensitivity shows us that as we prioritize costs less, public transportation becomes the best option.  As we prioritize cost more, education becomes the best option.

Conclusion

In the end, this was a decision made by one person who has a more jaded view about how people interact, how costs dictate choice, and how politicians act.  Additionally, I am not an expert in many important aspects of making this decision.  The decisions I made were based off my best understanding of the subject matter and I will admit that there are likely conclusions or criteria which I missed.  In all, I would like to see an incentive program instituted, and, unsurprisingly, I think it’s a good idea.  If we could successfully monitor drivers and reward good behavior, it would be a good shift in the current system of only punishing bad behavior.  Additionally, I think another good project to take a look at would be the causes of traffic jams by true experts as a means by which to implement an incentive system.  Identifying the true causes and subsequently rewarding those who don’t avoid them would be an integral part in this process. 

Still, they really have a lot of poor engineering around here.
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