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Balanced Transportation Analyzer

Outputs: 

Agency revenues zz

Motor vehicle travel speeds zz

�Time savings to vehicle users (hours and dollar  zz
equivalents)

VMT and transit ridership zz

Emissions and other vehicle externalitieszz

{ }A spreadsheet model to assess benefits, impacts and costs 
of time-variable traffic and transit pricing in New York City



Balanced Transportation Analyzer

Inputs: 

Baseline motor vehicle data
Cordon entrieszz

Time of day and Day of weekzz

Cordon and non-cordon speedszz

Baseline subway and bus data
Ridership and revenuezz

Time of day and Day of weekzz

Elasticities (price and time sensitivities)

{ }A spreadsheet model to assess benefits, impacts and costs 
of time-variable traffic and transit pricing in New York City



Origins
Ted Kheel vision of free transit, 
1960s – 2000s

“BTA” — Balancing free transit 
and congestion pricing

Enhanced BTA 1.1
Time of day pricingzz

�Explicit treatment of speed- zz
volume relationships

Weekends modeled separately from weekdayszz

Sensitivity analyseszz

Easier to usezz
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Why
Traffic pricing essential to improving vehicle travel

Traffic pricing a revenue source for transit

Time-varied pricing can
Maximize time savingszz

Provide choicezz

Ease subway crowdingzz

Instant modeling to screen policies
Toll changeszz

Fare hikes / rollbackszz

Service changeszz

Public Space re-allocation zz

Transparency  understanding  trust



BTA Strengths
Time-variable tolling

Up to 7 time periods zz

Trade-off  between toll and schedulingzz

Weekends separate from weekdays 

Time-variable subway pricing
Up to 24 time periods zz

Interactivities between driving and transit

Interactivities between traffic speeds and volumes 
(rebound effect)

Anyone can use



BTA Limitations
Cordon pricing only  
(Manhattan Central Business District)

No geographic differentiation

Carpooling not treated explicitly

Deterministic, not probabilistic 



BTA Other Strengths
Toll Incidence (by county)

Cost-Benefit
Value of timezz

Valuation of reduced pollution, crashes, etc.zz

Bus Boarding

Delay Costs

Robust w/r/t Elasticities 



Baseline Vehicle Trip Volumes
CBD trips separated into six types

�Auto work, auto non-work, through-trips, medallion taxi, zz
truck, bus

Average trip miles (CBD portion, non-CBD portion)zz

Source: Household Interview Surveyzz

Source: Schaller Consultingzz

Each trip type separated into seven periods  
(covering 24 hrs)

Source: Manhattan River Crossingszz

42 trip sub-groups (6 x 7)



Motor Vs worksheet



Baseline Motor Vehicle Trip Costs
Out-of-pocket trip cost for all 42 sub-groups

�Tolls zz
Average of tolled and untolled crossings

�Parking zz
Average of unpaid, metered and private

�Gas zz
Reflects impacts of travel speeds on mpg

�Other zz
Perceived expected value of crashes, tickets, etc.



Baseline Motor Vehicle Speeds
CBD

PlaNYC: 6 am – 6 pm average = 8 mphzz

�Speed-volume relationship: U-C economist Ken Small zz
(Toronto observations)

7 Weekday Periods
Cordon 
Speeds

Graveyard 23.6

A.M. Pre-peak 20.4

A.M. Peak 7.0

A.M. Post-peak 9.1

Midday Peak 11.7

P.M. Peak 6.8

P.M. Post-peak 13.4

Traffic-wghtd avg 
6 am – 6 pm 8.00



Baseline Motor Vehicle Speeds
CBD
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CBD Traffic (Thousands of Vehicles per Hour) 

Cordon Speeds: Variation with Traffic Volume 

Baseline A.M. and P.M. peak values 
are approximately 220 thousand. 
‘Graveyard’ shift value is roughly  
70 thousand.



Baseline Motor Vehicle Speeds
non-CBD

PlaNYC 6 am – 6 pm average = 18.22 mphzz

Speed-volume relationship: Santa Clara (CA) freewayszz

7 Weekday Periods
Non-Cordon 
Speeds

Graveyard 64.7

A.M. Pre-peak 43.3

A.M. Peak 17.1

A.M. Post-peak 20.4

Midday Peak 24.0

P.M. Peak 15.5

P.M. Post-peak 25.4

Traffic-wghtd avg 
6 am – 6 pm  18.22 



Baseline Motor Vehicle Speeds
non-CBD
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Traffic Density (Vehicles per Lane-Mile) 

Non-Cordon Speeds: Variation with Traffic Volume 



Toll Impacts on Traffic (Round 1)
% Change in trip cost due to cordon toll

Change in number  
of trips

Time-switching  
propensity between  
periods

Trip attraction  
(or repulsion) from  
bus/subway

Combine to calculate new trip levels
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Increase in Trip Price 

Price-Elasticity: Illustrative Effect of Travel Price on Demand 

e = - 0.4 

e = - 0.7 

e = - 1.0 

Each curve corresponds to a par-
ticular price-elasticity. Their non-
linearity captures the exponential 
character of elasticity functions, 
which in turn reflects the under-
lying Law of Diminishing Returns.



Rebound Effect
New volumes  new traffic speeds 

Speed-volume relationships (CBD and non-CBD)zz

New traffic times (CBD and non-CBD)

New trip volumes (via time-elasticity)

Iterate
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Time-Volume Iteration 

Rebound Effect



Rebound Effect



Subways
Similar approach to motor vehicles

24 one-hour periodszz

Price elasticities (work and non-work trips) zz

Time elasticities (work and non-work trips)zz

Time-switching propensity between periods zz

Trip attraction (or repulsion) from autoszz



Time-Switching
Port Authority study of 2001 variable-pricing 

Price-elasticity applied to toll ratios between periodszz

Asymmetrical — more trips switch earlierzz

Puget Sound Regional Council Traffic Choices Study
Time-switching: function of toll and time differenceszz

Adapt PA and PSRC to NYC roads and subways
Normalize for incomezz

Adjust for subway lesser price-elasticity zz



Some Time-Shifting Results
Motor Vehicles
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Time-Shifting of Cordon Trips 

Gains 

Baseline 

Losses 



Some Time-Shifting Results
Subways
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Hourly Subway Ridership Entering and Leaving the CBD (Weekdays) 

Change 

Baseline 

Ridership increases 
in all hours except  

8-9 a.m. and 5-6 p.m. 



Delay Costs: Time
Not a tolling issue (“upstream” of tolls)

Model recalculates speeds if 100 additional cars  
enter CBD

Speeds within CBDzz

Speeds outside CBDzz

Return legs distributed randomlyzz

Calculate new trip times

New vs. Old time = total delay

“Delta” divided by 100 = time delays from one extra 
trip



Time Delays
Weekday
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Time Delays
Weekend
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Delays, breakdown by time period
Weekday

Graveyard 
6 hour(s)

A.M. Pre-pk 
1 hour(s)

A.M. Peak 
3 hour(s)

A.M. Post-pk 
1 hour(s)

Middday Pk 
4 hour(s)

P.M. Peak 
4 hour(s)

P.M. Post-pk 
6 hour(s) TOTAL

Graveyard 0.007 0.008 0.290 0.068 0.205 0.915 0.146 1.64

A.M. Pre-pk 0.001 0.373 0.290 0.068 0.205 0.915 0.146 2.00

A.M. Peak 0.001 0.008 2.407 0.068 0.205 0.915 0.146 3.75

A.M. Post-pk 0.001 0.008 0.290 1.634 0.205 0.915 0.146 3.20

Midday Pk 0.001 0.008 0.290 0.068 1.361 0.915 0.146 2.79

P.M. Peak 0.001 0.008 0.290 0.068 0.205 3.302 0.146 4.02

P.M. Post-pk 0.001 0.008 0.290 0.068 0.205 0.915 1.168 2.66

TOTAL 0.02 0.59 3.55 2.70 2.22 5.31 2.36 3.25

Hours of delay caused by one additional cordon trip



Delay Valuation
Costs per vehicle-hour

Delay costs per trip

Weekdays Weekends 

Within CBD $48.89 $29.33

Outside CBD $32.59 $19.55
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Delay Costs Attributable to One Automobile entering CBD 

Figures 

assume 
approx. 

$37 / hour 
cost per 

vehicle in 

traffic  



Delays Vary with Baseline  
Traffic Level 
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% Change in Traffic Volume 

Delay Amount is Sensitive to Traffic Volume 

5% less traffic 

10% less traffic 



BTA: Key Elasticities

Work Trips	Non-work Trips	 Thru Trips (across CBD)

							     

						    

					     -50.0%		

							     

							     

Work Trips
Non-work 
Trips

Thru Trips 
(across CBD)

Transit Volume w/r/t Transit Cost -9.0% -23.4%

Transit Volume w/r/t Transit Time -50.0% -55.0%

Auto Volume w/r/t Auto Cost -50.0% -90.0% -66.9%

Auto Volume w/r/t Auto Time -100.0% -124.0% -110.2%



Toll Design: Vary with Delay-Cost
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Toll vs. Delay-Cost: Kheel-Komanoff Plan (weekdays) 

Delay-Cost 

Auto Toll 



Toll Design: Features
Toll levels (weekday / weekend / time of day)

Does toll increase or replace current tolls?

Truck toll (vis-à-vis autos)

Taxi surcharge (drop / mileage / time)

Taxi industry’s share of surcharge $$

Street space reclaimed from autos

Subway and bus fares

Make in-city commuter bus/rail free?

Baseline traffic reduction



Revenue Impacts
Kheel-Komanoff Plan
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CBD Vehicle Speed Impacts
Kheel-Komanoff Plan
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Benefits
Kheel-Komanoff Plan
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